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Wood,  sawdust,  and  peat,  as  fuel.  464 
Yield  of  wells  sunk  in  chalk. 29 
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•      ON  A  NEW  ODONTOGRAPH. 

By  S.  W.  ROBINSON,  Professor  of  Mechanical  Engineering  in  the  Illinois  Industrial  University. 
Written  for  Van  Nostrand's  Magazine. 


THE    WILLIS    ODONTOGRAPH. 

Those  who  have  used,  or  even  studied 
the  Odontograph  of  Professor  Willis,  of 
Cambridge,  England,  cannot  be  other- 
wise than  forcibly  impressed  with  the 
admirable  simplicity  and  great  utility  of 
the  instrument.  Indeed,  it  has  attained 
to  such  general  favor  that  it  is  not  only 
in  the  hands  of  a  large  proportion  of  the 
constructors  of  mill  gearing  in  Europe 
and  America,  but  in  every  work  of  im- 
portance on  Cinematics,  Principles  of 
Mechanism,  Machinery  and  Millwork, 
<fcc,  published  since  its  discovery  in 
1838.  In  fact,  the  instrument  is  worthy 
of  a  place  in  the  tool  chest  of  every 
millwright  and  machinist ;  particularly 
those  who  have  no  better  understanding 
of  the  mode  of  delineating  gear  teeth, 
than  to  use,  for  generating  the  faces  of 
teeth  with  radial  flanks,  describing  cir- 
cles which  are  the  opposite  pitch  circles 
themselves,  instead  of  circles  one-half  as 
large. 

Although  the  teeth  of  wheels,  laid  out 
by  the  aid  of  the  odontograph,  are  only 
approximately  correct,  such  teeth  are 
not  very  far  from  correct  working  forms. 
This  fact  was  practically  demonstrated 
to  the  writer  at  the  justly-celebrated 
machine  factory  of  Wm.  Sellers  &  Co., 
of  Philadelphia,  where  a  pair  of  heavy 
Vol.  XV.— No.  1—1 


cut  gears  were  seen  in  action,  running 
with  extraordinary  quietness.  On  inquiry 
as  to  the  remarkable  working  quality  of 
these  gears,  it  was  stated  that  the  cut- 
ters were  made  expressly  for  them  in 
strict  conformity  with  the  Willis  odonto- 
graph ;  which,  in  the  present  instance, 
it  is  fair  to  suppose,  was  an  experiment 
to  test  the  odontograph  teeth;  as  com- 
pared with  those  laid  down  correctly  by 
theory.  Teeth  formed  thus  carefully, 
even  though  they  be  only  approximate, 
are  much  to  be  preferred  to  the  rattling, 
guess  shapes ;  and  amply  repay  the 
trouble  required  to  secure  them.  It  is 
therefore  much  better,  in  cases  where 
the  theory  of  gearing  is  not  understood, 
to  resort  to  an  odontograph,  than  to 
jump  blindly  at  a  rattle  trap. 

For  example  :  a  common  form  among 
millwrights  is  obtained  by  taking  the 
middle  point  of  a  tooth  at  the  pitch  line 
for  a  center,  and  describing,  by  arcs  of 
circles,  the  nearest  flanks  of  the  next  ad- 
jacent teeth,  and  the  further  faces  of  the 
same  two  teeth.  Describing,  thus  four 
arcs  from  the  center  of  each  tooth,  all 
the  faces  and  flanks  are  laid  out.  This 
gives  flanks  which  ar«  concave,  with 
radii  which  are  less  than  those  of  the 
convex  faces,  while  the  opposite  relation 
is  known  to  be  required  in  correctly  laid 
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out  teeth.  This  rule  probably  gives 
shapes  which  are  worse  than  mere  guess 
shapes. 

A    GOOD  ODONTOGRAPH   DESIRABLE. 

The  delineation  of  correct  working 
gear  teeth  according  to  theory  for  indi- 
vidual cases  is  a  very  easy  matter  when 
the  method  is  understood,  but  not  so 
easy  as  to  use  a  convenient  odontograph  ; 
and  hence,  a  good  odontograph  is  advan- 
tageous to  all  designers  of  gearing. 

ESSENTIAL  QUALITIES  OF  A  GOOD  ODONTO- 
GRAPH. 

An  odontograph,  to  give  the  highest 
satisfaction,  should  be  one  which  leaves 
nothing  to  be  desired  ;  neither  in  the  de- 
gree of  approximation,  nor  the  general 
form  of  tooth  it  gives. 

Those  who  have  employed  the  odonto- 
graph of  Prof.  Willis,  cannot  fail  to 
have  noticed  that  in  wheels  of  many 
teeth  the  form  is  very  different  from 
that  obtained  by  laying  out  the  teeth  of 
the  epicycloidal  form  with  radial  flanks,* 
which  form  is  the  most  common  and 
usually  the  most  acceptable.  Also  the 
odontograph  must  be  simple,  and  easy 
of  application. 

PECULIARITIES     OF    THE    WILLIS     ODONTO- 
GRAPH TOOTH. 

A  tooth  of  a  wheel  of  eighty  teeth,  as 
laid  down  by  aid  of  the  Willis  odonto- 


graph, is  shown  in  Fig.  1 
Pig.  1. 


,  and  also, 


little  to  one  side  in  dotted  lines,  the 
same  tooth  of  epicycloidal  form  with 
radial  flanks,  as  calculated  to  work  with 
a  second  wheel  of  twelve   teeth.     The 


*  When  these  teeth  would  appear  too  weak  at  the  root 
or  base,  clearance  curves  are  usually  struck  in,  or  curves 
between  the  flanks  which  the  points  of  the  teeth  of  the 
opposite  wheel  will  just  clear,  up  to  which  the  roots  of 
the  teeth  may  be  thickened  for  the  purpose  of  greater 
strength. 


clearance  curyes  are  not  put  in.  The 
odontograph  tooth  exhibits  very  marked 
peculiarities,  a  noticeable  one  being  the 
greater  general  inclination  of  the  side 
of  the  odontograph  tooth  to  the  radius 
of  the  wheel  ;  giving  rise  to  unnecessary 
obliquity  of  action,  and  consequent  mu- 
tual crowding  of  the  wheels  against 
their  shafts. 

Prof.  Willis  limits  his  odontograph  to 
twelve  teeth  for  the  least  number,  and 
for  this  the  teeth  have  radial  flanks  as 
shown   in  Fig.   2,  which  works   with  a 

Fig.  2. 


wheel  of  eighty  teeth.  This  limitation 
causes  the  teeth  of  small  wheels  to  be 
narrow  at  the  base,  and  of  large  wheels 
to  be  unnecessarily  wide.  In  wheels 
having  a  not  unusually  large  number  of 
teeth,  the  flanks  start  out  from  the  pitch 
line  towards  the  center  with  a  divergence 
from  each  other  approaching  30°.*  In 
other  words,  the  odontograph  teeth  ap- 
proach the  narrowness  of  base  of  epicy- 
cloidal teeth  with  radial  flanks  when  the 
latter  are  objectionably  narrow,  as  in 
wheels  of  few  teeth  ;  and  much  wider, 
irfdeed  excessively  wide,  when,  for  the 
same  wheels,  epicycloidal  teeth  are  of 
good  form.  Also  a  marked  peculiarity, 
as  exhibited  in  Fig.  2,  is  the  decided 
angular  junctions  of  the  flanks  and 
faces. 

RESTRICTION  OF  THE  WILLIS  THEORY,  AND 
MODIFIED  FORM  OF  ODONTOGRAPH. 

These  undesirable  features  are,  how- 
ever, in  the  main,  no  fault  of  the  gener- 
al theory  of  Prof.  Willis  for  the  forma- 
tion of  teeth  with  circular  arcs,  but  ap- 
pear to  be  due  to  restrictions  imposed, 
for  the  purpose  of  simplifying  the  tables 


*  See  Fairbairn,  Mills  and  Millwork,  Part  II,  Plate  IX, 
Fig.  1.    A.  Lambert,  Cinematique,  PI.  14. 
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for,  and  application  of,  the  odontograph 
itself.  The  restrictions  which  contribute 
mostly  to  this  are  the  fixed  angle  of  75°, 
and  the  constant  length,  relatively  to  the 
pitch,  of  the  perpendicular  to  the  line  of 
action.  By  restricting  the  theory  in  a 
different  manner,  a  certain  modification 
of  the  instrument  and  its  application 
may^  be  effected,  which  gives  straight 
and"  more  nearly  radial  flanks  for  all 
wheels,  and  circle  arc  faces.  This  will 
be  treated  further  on. 

NEW  FORM  OP  ODONTOGRAPH. 

For  those  who  will  adopt  nothing 
which  is  so  incomplete  as  a  circle  arc  for 
a  tooth  face,  but  will  lay  down  the  cor- 
rect curves  ;  and  for  even  the  less  the- 
oretical who  would  prefer  to  accept  a 
good  practical  short-cut  to  a  correct  re- 
sult than  to  go  by  guess  ;  I  would  offer 
the  new  odontograph,  which  is  now  to 
be  described:  an  instrument  which  in  no 
circle  arc,  mode  or  form,  resembles  any 
thing  above  referred  to. 

This  new  form  of  odontograph  is  not 
only  adapted  to  give  radial  flanks,  but 
faces  which  agree  with  almost  undiscov- 
erable  nearness  with  the  epicycloidal  face. 
The  face  curve,  as  laid  down  by  the  in- 
strument, is  exactly  normal  to  a  tangent 
to  the  pitch  line  drawn  from  the  middle 
point  of  a  tooth,  and  it  intersects  the  ad- 
dendum circle  precisely  where  the  true 
epicycloidal  curve  proper  to  the  tooth  in 
question  does. 

Now,  as  the  pitch  line  and  its  tangent, 


Tig.  3 


pass  either  way  from  the  middle  of  the 
tooth,  they  depart  from  each  other 
slightly  in  distance,  and  more  so  indirec- 
tion. A  circle  arc,  approximating  to  a 
tooth  face,  will  generally  have  a  radius 
considerably  greater  than  the  half  thick- 
ness of  a  tooth  :  but  for  a  circle  arc  to 
be  normal  to  the  above-named  tangent 
and  to  the  pitch  circle  at  the  side  of  a 
tooth,  both  at  the  same  time,  its  radius 
must  be  much  less  than  the  half  thick- 
ness of  a  tooth,  as  is  evident  on  inspec- 
tion ;  and  hence,  the  circle  arc  cannot 
osculate  closely  with  the  epicycloid,  and 
at  the  same  time  be  normal  to  the  pitch 
circle,  as  Figs.  1  and  2  show.  The  most 
closely  osculating  curve  must,  therefore, 
be  one  which  rapidly  changes  curvature; 
and  such  a  curve  will  be  very  nearly 
normal  to  the  above  mentioned  tangent 
to  the  pitch  circle. 

The  odontograph  should,  therefore, 
give  a  curve  which  changes  curvature 
rapidly.  Now,  as  the  epicycloidal  curve 
is  normal  to  the  pitch  line,  and  very 
nearly  so  to  the  tangent  to  the  pitch 
circle  drawn  from  the  middle  of  a  tooth, 
it  is  clear  that  if  a  curve  of  rapidly 
changing  curvature  be  so  placed  as  to 
be  normal  to  the  tangent,  as  above  de- 
scribed, and  at  the  same  time  intersect- 
ing the  addendum  circle  at  the  same 
point  that  the  epicycloidal  curve  required 
for  the  tooth  considered  does,  it  will 
represent  the  epicycloidal  tooth  face 
with  great  precision.  This  truth  is  rend- 
ered apparent  to  the  eye  in  Fig.  3,  in 


which  the  full  line  is  the  odontograph  I  epicycloid.     The  flanks  are  also  drawn 
curve,  and  the   dotted  line  the  required  |  in  to  give  an  idea  of  the  conformity  of 
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the  whole  tooth,  as  delineated  by  aid  of 
the  instrument,  with  the  true  epicycloidal 
tooth.  These  teeth  belong  to  a  wheel, 
the  pair  of  which  are  of  equal  size.  The 
object  of  making  the  curve  perpendicu- 
lar or  normal  to  the  tangent,  as  above 
described,  instead  of  the  pitch  circle,  is 
to  render  the  odontograph  more  conven- 
ient of  application  ;  and  it  is  found  that 
the  curve  selected,  in  the  manner  here- 
after explained,  meets  the  radius  for  ex- 
tending the  side  of  the  tooth  into  the 
flank  with  an  error  of  tangency,  which 
is  too  small  to  be  readily  detected. 

With  these  explanations,  it  becomes 
evident  that  the  leading  propositions  of 
the  new  odontograph  are  :       '  ■ 

1st.  That  it  give  a  curve  of  rapidly 
changing  curvature,  having  the  closest 
possible  osculation  with  the  epicycloid, 
and  at  the  same  time  be  of  general  ap- 
plication. 

2d.  That  the  curve  for  a  tooth  face, 
given  by  the  instrument,  be  normal  to  a 
tangent  line  to  the  pitch  circle  at  the 
middle  of  a  tooth. 

3d.  That  this  curve  intersect  the  ad- 
dendum circle  precisely  where  the  epi- 
cycloidal curve  proper  to  the  tooth  in 
question  does. 

FOKM    OF    CURVE    ADOPTED. 

The  curve  adopted  as  conforming  most 
closely,  in  general,  with  limited  initial 
portions  of  the  epicycloid,  is  the  loga- 
rithmic spiral. 

This  curve  appears  to  possess  the 
highest  degree  of  adaptation,  because  of 
its  uniform  rate  of  change  of  curvature, 
and  also  because  this  rate  can  be  assum- 
ed at  pleasure.*  Furthermore,  the  ana- 
lytical relation  of  this  spiral  to  the  prob- 
lem is  simple. 

FORM    AND    APPLICATION  OF    INSTRUMENT. 

In  planning  this  odontograph,  the 
leading  endeavor  was  to  make  its  practi- 
cal application  the  most  convenient  pos- 
sible, without  a  sacrifice  from  accuracy 
of  form  of  tooth  obtained  by  it. 

That  the  reader  may  learn  the  leading 
features  of  the  instrument  before  pro- 
ceeding to  the  details  of  its  demonstra- 
tion, its  form  and  mode  of  application 
will  first  be  explained. 

The  odontograph  is  shown  full  size  in 

*  These  points  follow  from  the  fact  that  limited  por- 
tions falling  within  a  given  angle  at  the  pole  are  similar 
figures. 


Fig.  4,  as  of  suitable  capacity  for  laying 
out  all  teeth  below  six  inches  pitch.  Its 
capacity,  however,  is  extended  to  any 
degree  by  simply  prolonging  the  curved 
edges.  It  should  be  made  of  metal,  be- 
cause it  is  intended  that  the  instrument, 
when  desired,  may  be  used  directly  for  a 
scribe  template,  in  which  use  it  will  be 
subject  to  wear  from  the  passes  of  the 
scribe.  It  has  several  holes  countersunk 
on  both  sides  as  shown  at  H,  so  that  it 
may  be  attached  by  wood  screws,  or  by 
bolts  expressly  prepared,  to  any  conven- 
ient wooden  rod,  in  such  a  manner  that 
when  the  rod  swings  around  a  center-pin 
to  the  wheel,  all  the  faces  of  the  teeth 
may  be  described  directly  from  the  in- 
strument itself.  The  desired  result  is 
thus  obtained  directly  without  interven- 
ing center  points  and  dividers. 

In  this  manner  the  odontograph  be- 
comes a  general  template,  and  equally 
valuable  for  guiding  the  draughtsman's 
right-line  pen,  or  the  pattern  maker's 
steel  scribe. 

To  place  the  instrument  in  position 
for  drawing  a  tooth  face,  a  table  is  used 
which  should  accompany  the  instrument. 
From  this  table  a  value  is  taken  which 
depends  upon  the  diameters  of  the  pair 
of  wheels,  and  the  number  of  teeth  in 
the  wheel  for  which  the  teeth  are  sought. 
This  tabular  value,  when  multiplied  by 
the  pitch,  is  to  be  found  on  the  graduat- 
ed edge  ADB,  Fig.  4,  of  the  odonto- 
graph. This  done,  draw  the  tangent 
DEF  to  the  pitch  line  at  the  middle 
point  E  of  a  tooth  ;  and  lay  off  the  half 
thickness  ED  of  tooth  on  either  the 
tangent  line  or  pitch  line.  Then  place 
the  graduated  edge  of  the  odontograph 
at  D,  and  in  such  position  that  the  num- 
ber, and  division  of  scale  found  as  above, 
shall  come  precisely  on  the  tangent  line 
at  D.  Also  get  the  curved  edge,  HFC, 
so  that  the  curve  will  just  lie  tangent  to 
the  tangent  line,  as  at  F.  Then  all  is 
ready  for  tracing  the  curve  for  the  tooth 
face  from  the  pitch  line  through  D  tow- 
ard B  as  far  as  needed.  By  turning  the 
instrument,  which  is  graduated  on  both 
sides,  over,  and  doing  likewise,  we  get 
the  opposite  face  of  the  same  tooth. 
Then  we  have  to  simply  draw  the  radial 
flanks  when  the  tooth  becomes  fully  de- 
lineated, with  the  exception  of  limiting 
the  point  and  root.  Clearance  curves 
may  also  be  struck  in,  if  desired,  as  in 
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any  other  case.  Of  course,  when  the 
setting  of  the  instrument  is  once  made, 
it  may  be  mounted  upon  a  rod,  as,  and 
for  the  purpose  described  above,  for 
drawing  all  the  teeth. 

FOE   INVOLUTE    TEETH,    ETC. 

The  curve  which  this  instrument  gives 
will  closely  represent  initial  portion  of 
the  hypocycloid,  cycloid  and  involute,  as 
well  as  the  epicycloid,  as  far  as  required 
for  a  tooth  face  ;  and  hence  the  instru- 
ment is  adapted  for  tracing  teeth  of  these 
various  forms  including  the  rack  and 
pinion,  internal  gearing  and  involute 
teeth.  For  the  latter  form  of  teeth  the 
tables  become  very  simple. 

CONDITIONS   OF   TOOTH    CURVE'S. 

Before  proceeding  to  the  demonstra- 
tions, it  will  be  necessary  to  understand 
how  the  various  curves,  used  for  tooth 
outlines,  are  conditioned. 

It  is  well  known*  that  to  generate  the 
epicycloidal  faces  for  teeth  loith  radial 
flanks,  the  generating  circles,  which  roll 
upon  the  pitch  circles,  should  have  diam- 
eters equal  to  the  radii  of  the  opposite 
pitch  lines.  That  is  to  say:  suppose  the 
pitch  circles  and  the  generating  circles  to 
be  in  simultaneous  rolling  contact  ;  the 
four  circles  having  a  single  point  of  com- 
mon tangency,  with  their  four  centers  in 
a  straight  line.  Then  the  generating  cir- 
cles will  appear  within  pitch  circles  of 
twice  their  diameters,  and  the  faces  for 
each  of  the  pitch  circles  will  be  described 
by  the  rolling  circles  which  is  in  outside 
contact.  Hence,  as  the  odontograph  is 
proposed  to  give  nearly  the  epicycloid 
face  for  radial  flanks,  the  above  epicy- 
cloid is  the  one  it  should  approximate  to. 

When  one  of  the  above  circles  is  in- 
finitely enlarged,  we  have  the  case  of  the 
rack  and  pinion,  the  epicycloid  of  the 
former  being  the  cycloid  generated  by  a 
circle  half  as  large  as  the  pinion;  and  its 
flanks  are  parallel  to  each  other.  Also 
the  generating  circle,  whose  diameter 
equals  the  radius  of  the  rack,  is  infinite, 
and  hence  the  generating  circle  for  the 
pinion  teeth  is  a  straight  line.  This 
makes  the  faces  of  pinion  teeth  involutes, 
with  the  pitch  circle  the  base  of  the  in- 
volutes. 

Therefore,  for  the  rack  and  pinion  with 


*  Willis,  p.  103. 
p.  133,  &c,  &C. 


Rankine,  Machinery  and  Millworks, 


radial  flanks,  the  faces  of  the  rack  are 
cycloids,  and  of  the  pinion  involutes. 

For  the  case  of  involute  teeth  for  in- 
volute gearing  in  general,  the  base  circles 
of  the  involutes  are  usually  taken  a  little 
within  the  pitch  circles  ;  the  ratio  of  the 
base  circles  being  equal  to  that  of  the 
pitch  circles.  The  relation  between  a 
base  circle  and  the  pitch  circle  contain- 
ing it  is  arbitrary,  being  generally  as- 
sumed, in  each  case,  according  to  the 
judgment  of  the  designer,  and  any  rule 
given  as  regulating  this  simply  expresses 
the  judgment  of  its  author.  The  table 
for  involute  teeth  is  therefore  adapted  to 
suit  any  assumption  in  this  regard.  In 
this  case,  however,  it  should  be  borne  in 
mind  that  the  tangent  line,  used  in  set- 
ting the  odontograph,  should  be  drawn 
to  these  base  circles  instead  of  the  pitch 
circles,  because  the  involutes  are  normal 
to  the  base  circles.  But  the  half  pitch 
should  still  be  laid  off  on  the  pitch  lines. 

The  case  of  interned  gearing  is  pecu- 
liar, in  that  radial  flanks  for  the  larger 
wheel  are  impossible.*  That  flank  which 
approaches  nearest  to  radial,  is  therefore 
adopted,  and  this  can  be  readily  shown 
to  be  the  involute,  with  the  pitch  circle 
its  base.  Observing  that  the  larger 
wheel  has  its  flanks  outside,  and  faces  in- 
side the  pitch  circle,  we  see  that  the 
flanks  must  be  generated  by  rolling  a 
curve  on  its  exterior.  Rolling  a  circle 
thus,  we  see  that  the  epicycloid  generat- 
ed rises  more  nearly  in  a  radial  direction, 
as  the  circle  is  increased  in  size;  because 
the  latter  curve  reaches  the  greater 
height.  Carrying  this  to  the  limit,  we 
have  the  infinite  generating  circle  or 
straight  line,  and  hence  the  involute 
curve.  But  suppose  we  adopt  a  rolling 
circle  of  negative  curvature,  or  one 
which  incloses  the  pitch  circle.  Now  for 
this  mode  of  generation,  it  is  easily 
sflown  that  the  curve  generated  will  be 
an  epicycloid  exactly  similar  and  equal 
to  that  obtained  by  rolling  a  circle  of 
positive  curvature,  outside  the  pitch 
circle  as  before,  the  diameter  of  which 
is  equal  to  the  difference  of  diameters  of 
the  generating  circle  of  negative  curva- 
ture and  the  pitch  circle.  Hence,  in 
either  case,  we  get  similar  results,  and 
the  steepest  epicycloid  is  the  above 
named  limiting  one,  viz.,  the  involute. 

*  See  Belanger,  Cinematique,  p.  121. 
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The  flanks  of  the  larger  wheel  are 
therefore  concave  involutes.  Using  the 
same  generatrix  for  the  faces  of  the 
pinion,  the  latter  will  have  involute 
faces.  $ 

The  faces  of  the  larger  wheel  will  be 
hypocycloids,  because  internal,  and  gen- 
erated by  a  circle  whose  diameter  equals 
the  radius  of  the  pinion. 

In  bevel  icheels,  the  pitch  circles  should 
be  regarded  as  small  circles  of  a  sphere* 
which  h#s  its  center  situated  at  the  point 
of  intersection  of  the  axes,  or  shafts  of 
the  wheels.  These  pitch  circles  are  not, 
in  the  case  of  bevel  wheels,  the  proper 
circles  to  lay  out  the  teeth  upon,  but 
should  be  regarded  as  the  bases  of  cones 
whose  vertices  are  in  the  axes,  outside 
the  sphere,  and  which,  developed  upon  a 
plane  surface,  are  the  desired  circular 
arcs  on  which  as  pitch  circles  to  delineate 
the  teeth.  The  describing  of  teeth  on 
these  circles,  being  the  same  as  on  the 
pitch  circles  of  spur  wheels,  the  odonto- 
graph  applies  to  them  in  the  same  man- 
ner, their  radii  number  of  teeth,  &c, 
being  employed  in  connection  with  the 
tables,  instead  of  those  of  the  real  pitch 
circles.  • 

In  all  these  cases  the  same  rule  will 
apply  for  use  of  odontograph,  except  in 
involute  gearing,  with  which  we  have  an 
exception  as  above  explained. 

PARTICULAR   LOGARITHMIC    SPIRAL 
ADOPTED. 

•  In  adopting  the  particular  logarithmic 
spiral  for  the  odontograph  curve,  inas- 
much as  this  curve  may  have  an  infinite 
variety  of  obliquities,  it  is  evident  that 
the  selection  is  not  a  matter  of  indiffer- 
ence. When  the  obliquity,  or  angle  be- 
tween the  normal  and  radius-vector,  is 
very  small,  the  arc  of  this  spiral  changes 
curvature  less  rapidly  than  when  the  ob- 
liquity is  great :  when  the  obliquity  is 
zero,  the  spiral  becomes  a  circle  ;  and 
when  it  is  90°,  the  spiral  is  simply  a  ra- 
dius ;  neither  of  which  approximates  to 
the  epicycloid.  To  find  that  obliquity 
which  makes  the  spiral  best  fit  the  epi- 
cycloid, it  will  probably  be  most  satis- 
factory to  assume  an  epicycloid  which 
represents  an  average  of  those  likely  to 
be  used  for  both  curves,  and  adapt  the 
spiral  to  it;  though  any  ordinary  logarith- 

*  Willis,  p.  146 ;  Rankine,  p.  144 ;  Fairbairn,  Mill  and 
Millwork,  part  2,  p.  .38.    A,  Lambert,  Cinematique,  PI.  15. 


mic  spiral  will  evidently  conform  more 
closely  with  it  than  the  circle.  The 
spiral  which  most  closely  osculates  the 
epicycloid  for  a  pair  of  equal  pitch 
circles,  is  therefore  adopted  as  the  aver- 
age spiral,  because  the  opposite  wheel 
may  be  made  larger  or  smaller,  thus 
making  a  higher  or  lower  epicycloid. 
Also,  it  is  preferable  that  the  spiral  fit 
for  the  fewest  teeth,  because  for  this  the 
longest  portion  of  the  epicycloid  would 
be  required.  The  fewest  number  assum- 
ed is  ten. 

Let  A  F,  Fig.   5,  represent  the  pitch 


line,  AB  the  epicycloid  above  named, 
dotted  beyond  B,  and  the  full  line  CAB, 
the  osculating-  logarithmic  spiral  with  its 
pole  at  C.  Draw  normals  G  E  and  B  D. 
These  normals  will  be  common  to  both 
the  epicycloid  and  spiral,  if  they  closely 
osculate  each  other  at  A  and  B.  Also 
E  D  will  be  the  evolute  of  both.  The 
point  B  is  supposed  to  be  0.3  pitch* 
above  the  pitch  line,  as  the  ordinary 
height  of  tooth  above  pitch  line.  Or, 
what  is  nearly  the  same,  AB  =  0.3  P. 
Also  A  G  is  assumed  =  0.25  AB.  Draw 
the  normals  or  radii  of  curvature  G  E  and 
BD.  For  the  particular  case  under  con- 
sideration we  find  for  the  epicycloid  DE= 
2  GB.  This  fact  is  most  conveniently  prov- 
ed graphically  on  account  of  the  compli- 


*  In  all  cases  in  this  investigation,  requiring  dimen- 
sions to  be  given  to  the  teeth,  the  common  and  well- 
known  rule  is  adopted,  viz. :  Thickness  of  tooth,  t\=  P. 
Thickness  of  space,  rr  P.  Height  above  pitch  line,  fV 
P.    Depth  below,  f%  P.    See  Willis,  p.  113,  &c. 
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cation  of  the  analysis.  This  solution  was 
made  with  great  care  on  a  drawing,  and 
it  was  also  checked  by  an  approximate 
analytical  method.  The  results  very 
nearly  agreed,  though  as  that  by  analysis 
was  necessarily  approximate,  the  graphi- 
cal result  was  adopted.  It  happens  to 
be  also  a  very  convenient  figure.  The 
graphical  operation  was,  in  fact,  partly 
by  analysis  thus:  The  normal  to  the 
epicycloid  always  coincides  with  the 
chord  of  the  generating  circle  connect- 
ing the  point  of  contingence  of  this  and 
the  pitch  circle  with  the  tracing  point. 
This  determines  the  direction  of  GE 
or  B  D,  where  B  F,  for  instance,  is  a 
chord.  The  true  radius'of  curvature  B  D, 
for  an  epicycloid,  is  \  B  F*  in  the  present 
case  for  radial  flanks  where  the  pitch 
circles  are  equal,  or  generating  circle 
half  as  large  as  the  directing  pitch  circle. 
This  value  of  B  D  or  G  E,  in  terms  of  the 
chord,  is  from  the  well-known  formula  for 
the  radius  of  curvature  for  epicycloids 
in  general,!  and  hence  the  length  is  com- 
puted. 

Now  the  logarithmic  spiral  sought 
must  have 

ED 

— -  =2= tangent  of  obliquity. 

The  evolute  of  the  logarithmic  spiral, 
being  an  equal  spiral, J  makes  C  E  D  a 
spiral  like  CAB.  Also  it  is  well  known 
that  the  radii  C  B  and  C  D  have  BCDa 
right  angle§  when  these  radii  vectores 
are  drawn  to  the  extremities  of  a  radius 
of  curvature  BB,  and  similarly  for  ECG. 
This,  with  the  second  property  of  con- 
stant obliquity  of  the  logarithmic  spiral, 
makes  the  two  triangles  BCD  and  G  C  E 
similar.  From  this  it  follows  that  the 
triangles  C  B  G  and  C  D  E  are  similar, 
and  hence 


CB  :BG;;CD  :  DE, 


or 


^-=r  =  :D~p"=: tangent  or  obliquity =2. 


The  equation  of  the  logarithmic  spiraji 

log.  I—  a  6 
in  which  a— tangent  of  obliquity, 


is 


ora  =  2. 


*  Davies  and  Pecks,  Math.  Die,  p.  222. 

t  See  Rankine,  Mach.  and  Millwork,  p.  60,  note.  Eed- 
tenbacher  Eesultats,  p.  3,  rule  4.  Willis,  p.  142.  Belanger, 
Cinematique,  p.  103,  &c. 

t  See  Courtenay's  Calculus,  p.  1S1. 

§  See  Courtenay's  Calculus,  p.  173. 


and    therefore     the    logarithmic    spiral 
sought  has  the  equation 

log.  1=2  6 


or 


or 


26 


2  (0-6,) 


Values  of  the  radius  vector,  I,  have 
been  carefully  computed  for  the  purpose 
of  laying  out  the  odontograph  curve 
with  accuracy.  These  were  computed 
for  the  intervening  angles  of  22-J  degrees, 
which  divides  the  circumference  into 
sixteen  equal  parts  ;  and  for  some  of 
the  larger  values  the  radii  subdividing 
these  angles  as  follows  : 

For  01-0a  =  22j°         f   =   2.1933 


6=  6, 

"=0,+  22j° 

"=0,+  45° 

"=#,+  67J° 

U=6X+  90° 

"=^  +  1014° 

"=^  +  1231° 
"=^  +  135° 


lx    =   0.5000 

12  =    1.0966 

13  =  2.4052 
Z4   =   5.2753 

15  =11.5700 
lH  =17.1350 

16  =25.3700 
lH  =37.5820 
I    =55.6560 


With  these  values,  the  odontograph, 
as  shown  in  Fig.  4,  was  laid  out,  not  only 
the  curve  A  D  B,  but  C  F  H;  these  being 
similar  and  equal  as  above  explained. 
From  the  fact  that  tangent  obliquity =2, 
we  may,  when  a  radius  I  is  laid  off  for  a 
point  on  ADB,  draw  a  line  at  right 
angles,  and  lay  off  on  it  2  I,  which  will 
give  a  point  on  C  F. 

EQUATION  OF  THE  ODOXTOGEAPH  CURVE. 

In  the  analytical  demonstration  of  the 
applicability  of  this  curve,  an  equation 
will  be  needed  for  it,  which  can  be  com- 
bined with  those  for  the  curves  which 
are  proposed  for  the  outlines  of  teeth. 
For  reasons  which  will  appear  hereafter, 
an  equation  is  required  which  gives  the 
relation  between  the  abscissas  a  e  and 
the  ordinates  e  b,  Fig.  6.  Let  a  c  be  the 
radius  of  curvature  of  the  spiral  at  a. 
Let  fall  upon  this  a  perpendicular  b  e. 
Also  prolong  a  e  to  d.  Some  point  d 
can  always  be  found  with  which,  as  a 
center,  a  circle  may  be  struck  through  a 
and  b.  Xow  let  us  propose  that  c  d  = 
^Xe^asa  relation  sufficiently  exact  for 


ON   A  NEW   ODONTOGRAPH. 


9 


any  possible  height  of  tooth,  e  b,  above 
pitch  line. 


Then  we  will  have  from  the  property 
of  the  circle, 

ae  (2  ad—  a  e)  =  '^i, 

or  calling  ae—y  and  eb=x,  ac=T, 
we  have 

y  [2(r  +  qx)-y]=x2 
whence 

^  -iiM-M  •  •  w 

If,  in  this  equation,  q  proves  to  be 
constant,  we  have  the  equation  desired. 
To  this  end  the  following  results  have 
been  very  carefully  determined  graphi- 
cally, this  method  being  the  only  one 
admissible  for  complexity  of  formulas : 

For  r=2.0  inch  a=l.l  inch  #=.596 
r=2.0  inch  z=2.0  inch  £=.588 
r= 4.4  inch  x— 1.0  inch  £=.561 
r=4.4  inch  cc=2.5  inch  £=.557 
r=4.4  inch  cc=4.5  inch  £=.562 
r=9.0inch  x= 0.5  inch  £=.595 
r=9.0  inch  cc=9.0  inch  £=.599 
r=9.5  inch  #=2.2  inch  £=.555 
t=9.5  inch  x=5.5  inch  £=.600 

Mean     .     .     £=.579 

These  figures  show  that  q  is  very 
nearly  constant ;  in  fact,  the  differences 
can  only  be  accounted  for  as  errors  of 
the  graphical  operation  ;  errors  which 
might  be  expected  for  the  reason  that 
the  point  d,  Fig.  6,  may  vary  its  position 


considerably,  and  yet  cause  but  slight 
variations  at  b.  We  may  therefore  adopt 
this,  not  only  as  constant,  but  as  the  cor- 
rect value  of  £  for  the  particular  spiral 
chosen,  and  this  value  was  employed  in 
the  formulas  when  computing  the  tables 
for  the  odontograph. 

DEMONSTRATION  FOE   EPICYCLOIDAL   SPUE 
GEARING. 

To  show  that  the  odontograph,  as 
above  proposed,  is  applicable  to  the  case 
of  ordinary  epicycloidal  gearing-teeth 
with  radial  flanks,  it  will  be  necessary  to 
prove  that  the  value  of  r  to  be  found  on 
the  scale  by  which  the  instrument  is  set, 
can  be  computed  when  certain  functional 
parts  of  the  gears  in  question  are  known  ; 
and  also,  to  show  that  it  can  be  expressed 
in  so  few  terms,  that  values  of  it  may  be 
computed  beforehand,  and  arranged  in 
tabular  form,  it  will  be  necessary  to 
resort  to  mathematical  expressions  for 
r,  by  which  it  can  be  discussed,  and  by 
which  we  may  determine  the  number  of 
quantities  required  to  express  it.  For 
instance,  if  it  can  be  expressed  in  terms 
of  two  different  quantities  only,  one 
table  will  suflice  for  all  values  of  r.  But 
if  it  requires  three  quantities  for  its  ex- 
pression, a  series  of  tables  will  be  neces- 
sary. 

By  aid  of  the  equations  of  the  epicy- 
cloid the  above  co-ordinates  x  and  y  may 
be  expressed  in  quantities  belonging  to 
the  wheels. 

Let  R=the  radius  of  the  pitch  circle 
of  the  wheel  for  which  the  teeth 
are  sought,  whether  it  be  the 
larger  or  smaller. 

Let  N=the  number  of  its  teeth. 

Let  r=the  radius  of  the  wheel  which 
is  to  work  with  the  wheel  sought, 
and  equal  to  the  diameter  of  the 
rolling  circle  for  generating  the 
faces  sought. 

Let  ?i=the  number  of  its  teeth. 

2  7rR 

Let  P=the  pitch  of  the  teeth: 

2  7tr 


N 


Let  r=the  radius  of  curvature  of  the 
curve  of  odontograph,  as  above, 
the  numerical  value  of  which  is 
also  the  number  to  be  used  for 
setting  the  instrument,  also  the 
tabular  numbers. 
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Let  x  and  y = co-ordinates  as  in  equa- 
tion (1)  of  odontograph  curve 
above,  33=0.3  P. 

Let  6=a,n  angle,  which  may  be  con- 
sidered as  an  auxiliary  quantity, 
simply  ;  or  as  the  angle  which  lo- 
cates the  center  of  the  rolling 
circle. 

Then  the  well-known  *  polar  equation 
of  the  epicycloid  is  — 

(rad.vector)2=(R  +  ^)2:=R2  +  r  |r+-  i 


2Rn 

cos.  —   u 


whence 


cos. #=1 

r 


I'+iK- 


or 


2Nn 

cos. 6=1 

n 


r 
R  (     +2R 


i+H^y 


R 


n  '  i  n    ) 


(2) 


This  value  of  6  is  in  terms  of  the  two 

P  n 

quantities  =  and  r^  only,  as  desired. 

The  polar  equation  is  here  employed 
instead  of  that  referred  to  rectangular 
co-ordinates,  because  the  former  is  resol- 
vable with  respect  to  6,  and  the  latter 
not.  The  latter,  however,  would  have 
been  preferable  to  the  extent  of  about 
the  difference  between  the  height  of  b, 
Fig.  6,  above  the  tangent  and  above  the 
pitch  line,  because  b  e,  which  is  about 
midway  between  a,  and  the  middle  of 
the  tooth,  is  almost  exactly  equal  to  x  as 
given  by  the  rectangular  equation.  But 
this  difference  is  very  small  in  wheels  of 
the  fewest  teeth,  say  8  or  10,  and  inap- 
preciable in  larger  wheels. 

An  expression  for  y  is  most  readily 
obtained  by  employing  the  well-known  f 
equation  of  y  in  terms  of  6  for  rectan- 
gular co-ordinates  to  the  epicycloid. 

In  Fig.  7,  let  A  B  represent  the  face 
of  the  tooth  for  the  wheel  whose  center 
is  O.  Take  C  D  the  height  of  the  tooth 
above  the  pitch  line  reckoned  on  the  cen- 
ter  line  of  tooth,  and  =  B  F  =  0.3  P 

*  See  Price's  Calculus,  vol.  i,  p.  349. 
+  See  Price's  Calculus,  vol.  i,  p.  283. 


nearly  =  x.  Let  C  G  represent  the  tan- 
gent to  the  pitch  line  at  the  center  point 
C  of  tooth,  as  above  described. 


Now,  since  the  co-ordinates  x  and  y  in 
equation  (1)  of  the  odontograph  curve 
represent  the  height  of  B  above  the  tan- 
gent C  G,  and  the  distance  from  the  face 
along  the  tangent  C  G  to  the  perpendicu- 
lar let  fall  from  B  upon  C  G  respectively, 
or  equal  to  B  F  and  A  a  respectively, 
very  nearly,  we  have  to  find,  by  help  of 
the  equation  of  the  epicycloid,  between 
y  and  6,  the  value  of  A  a.  But  this 
equation  gives  E  B,  =  A  b.  Drawing 
B  b  parallel  to  A  E,  and  B  a  parallel  to 
D  C,  we  have 


ab:  FB;:  AC  :  CO 


or 


ab  *,     x 


P  :R 


since  the  thickness  of  tooth ={-l  P. 

Hence 

5  xV     0.3  P3     P2 


**=551f  = 


R    ~R 


0.06819 


and  hence,  by  aid  of  the  equation  of  the 
epicycloid, 

Aa=y=EB—ab=yR+^-\  sin.  6  -  °- 


sin. 
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sin.  a-sin. 
P 


or 

y       R  n 

P=2PN 

2_?  +  1  1  6  \  -^-0.06819      (3) 
n  /       J       K 

This  equation,  together  with  (2),  enables 

V  j .       P    \ ,  n      i 
us  to  compute  ^  when  ^  and  r^-only,are 

known,  #  being  eliminated  between  (2) 
and  (3). 

Observing  that  #=0.3  P,  equation  (1) 
may  be  written 


|=0.] 


2/ 


So  that :~   becomes    fully   known   when 

.  .      P       ,  *  ,', 

the  two  quantities  ^  and  =^.  belonging  to 

the  pair  of  wheels  under  consideration 

p 
become  known.     Or,  observing  that  ^ 

2  7T  ^ 

=  -^=7-,  the  most  convenient  forms  of  the 
equations  for  computation  are 


2Nn 
cos. —  6=1 
n 


|=0.0!M8N^j(lf +l),in.e 


•   (5) 

—  sin. 
(6) 

„         0.3  P        --;/    •     <»> 

These  formulas  enable  us  to  compute 

r  1ST 

f5  when  —  and  N  are  known.  Table  I  con- 

f  n  T 

tains  most  of  the  values  ^  needed  in  prac- 
tice, and  obtained  from  these  formulas. 
The  tabular  value  of  p,  when  multiplied 

by  P  gives  r  the  index  number  for  setting 
the  odontograph.  Examples  will  be 
given  hereafter,  illustrating  the  use  of 
the  instrument  and  table  in  delineating 
gear  teeth. 

DEMONSTRATION   FOR   THE    BACK    AND 
PINION. 

For  this  case  formula  (6)  becomes  in- 
determinate, and  hence  fails.  It  will, 
therefore,  be  necessary  to  deduce  others. 


The  cycloid  for  the  tooth  faces  on  the 
rack,  flanks  radial,  will  have  the  follow- 
ing values  of  x  and  y  *  : 


x=-l  1  —  COS.  &\ 

^(e-sin.  e) 

and  hence 

n     ,      1.2  7T 

COS.  C7  =  l .       . 

n 

■      (8) 

y=lL(e-An:e\ 

.       (9) 

By  expanding  cos.  6  into  a  series  and 
dropping  all  after  6\  by  which  we  in- 
volve an  error  of  only  its  part  for  the 
case  of  8  teeth,  and  much  less  for  a 
greater  number  ;  and  similarly  expand- 
ing sin.  6  into  a  series,  omitting  the 
terms  following  63  with  an  oppo- 
site error  of  ^  for  8  teeth>  giving  a 
residual  error  of  about  ^0  we  may  write, 


¥ 


2.4  n 


a 


(10) 


This,  combined  with  (7),  was  used  for 
computing  the  tabular  values  for  racks 
given  at  the  bottom  of  table  I. 

For  the  involute  faces  of  the  pinion 
we  readily  obtain  special  formulas. 

Let   A  H,  Fig.  8,  be  regarded  as  the 


pitch  line,  AB  as  a  tooth  face  of  the  invo- 
lute form,  and  B  F  height  of  tooth  above 
the  pitch  line  and  equal  to  0.3  P  =  x. 
We  will  have  a  b  same  as  before. 

.-.     2/=EB-a6 

as  in  Fig.  8. 

E  B=  (R  +  B  F)  arc  B  O  E  nearly 
=  (R  +  0.3P)  (0-BOH) 
H B  =  A F H-R  (9  =  R  tang.  BOH 

*  Price's  Calculus,  vol.  i,  p.  280. 
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Hence 

—l 

2/=EB-a&=(R  +  0.3  P)  (0-tang.     0) 

—  ab 
or 


(— 

\2tt 


-f  0.3  W#— tang. 

__0.42841 


'•) 


(ii) 


and 


or 


BR'=  B^"=(R+.0.8  P)!-R8 


or 


COS.    0  =  1  — 


N\         2N7 


and 


■sin. 


(12) 


which  equations,  combined  with  (7), 
were  used  in  bringing  out  the  tabular 
quantities  marked  "Pinion"  near  the 
bottom  of  table  I. 

It  is  observed  that  we  have  one  line  of 
values  only  for  each,  the  rack  and  pinion, 
the  reason  for  this  is  that  the  value  of 

.p  for  the  rack  and  pinion  become  known 

in  terms  of  one  arbitrary  quantity  instead 
of  two. 

DEMONSTRATION    FOR    WHEELS    WITH    IN- 
VOLUTE TEETH. 

Having  a  set  of  values  of  ^  for  invo- 
lute faces,  we  are  at  once  prepared  to  lay 
out  any  involute  gear-teeth  with  the 
odontograph,  from  the  fact  that  in  this 
form  of  teeth  each  wheel  is  independent 
of  all  others.  In  this  case,  however,  we 
must  observe  that  the  tangent  line  E  D, 
Fig.  4,  should  be  drawn  to  the  base  cir- 
cle instead  of  from  the  pitch  circle,  as 
stated  above  under  conditions  for  invo- 
lute teeth.  The  half  thickness  of  tooth 
should  still  be  laid  off  on  the  pitch  line, 
because  this  is  the  proper  line  to  reckon 
tooth  thicknesses  on. 

DEMONSTRATION    FOR    WHEELS   IN    INTER- 
NAL GEAR. 

First  consider  the  larger  wheel,  in 
which  the  faces  are  internal  and  hence 
hypocycloids.  Equations  (2)  and  (3) 
apply  to  this  case  by  changing  the  sizes 
of  r  and  x,  and  hence 


y      R    »     /2N       -\    .     a       . 

^=:-^rT       I —  If  Sin.  6  —  Sll 

P     2P  N  (  \  n  / 

which,  combined  with  (7),  were  used  in 
producing  the  first  part  of  table  II.  The 
flanks  of  the  pinion  are  supposed  to  be 
radial,  and  those  of  the  wheel  invo- 
lutes as  set  forth  under  conditions  for 
these  wheels.  The  external  involute 
flanks  of  the  wheel  are  laid  out  by  aid  of 
the  values  given  in  table  I  for  "pinion" 
the  tangent  line  E  D,  Fig.  4,  being  drawn 
to  the  pitch  line  from  the  middle  of  a 
space,  to  suit  the  present  reversed  condi- 
tions from  outside  to  inside. 

The  faces  of  the  pinion,  being  also 
involutes,  the  same  set  of  tabular  values 
last-named  apply. 

CASE  OF  BEVEL  WHEELS. 

Observing  the  explanations  above 
noted  regarding  bevel  wheels,  either 
epicycloidal  or  involute  teeth  may  be 
laid  out  for  these  wheels. 

EXAMPLES. 

To  show  the  application  of  the  above 
tables,  the  following  examples  are  given : 
Let  the  pair  of  wheels  be  the  same  for 
each  example,  the  teeth  simply  being 
different ;  let  the  number  of  teeth  in  the 
smaller  wheel  be  16  and  in  the  larger  56. 
Also  take  the  same  pitch  for  all,  and 
equal  to  two  inches. 

1st.  For  epicycloidal  teeth  with  radial 
flanks.  For  this  we  must  use  table  I, 
which  requires  the  ratio  of  the  radii  of 
the  wheels  ;  or,  what  is  the  same  thing, 
the  ratio  of  the  number  of  teeth  in  the 
wheels. 

For  the  larger  wheel  we  have 


2R 

cos.  —  tf—\  — 


R  V         2  R/ 


R 


:3£  andN=56. 


At  the  top  line  of  the  table  we  find 
the  number  "56"  corresponding  to  N. 
Following  the  column  down  we  see  that 
the  ratio  of  the  radii  comes  midway  be- 
tween .473  and  .409.     Taking  the  mean 
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Table  I. 

FOR  EPICYCLOID  TEETH  WITH  RADIAL  FLANKS. 


Values  of  --  in  inches :  or,  number  by  which  to  multiply  the  pitch,  measured  in  inches,  to  obtain 
the  index  number  for  setting  the  odontograph. 


R 

r 

r  or: 

*3 
o 

J3 

u 

0  . 

Number  of  teeth  in  wheel  for  which  the  teeth 

are  sought,  N  and  n. 

si 

08 

Oo 

03^3 

^5 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

112 

T^=.083 

.321 

.458 

.555 

*=.167 

.317 

.450 

.551 

.634 

.704 

±=.250 
}=.333 

.311 

.438 

.540 

.624 

.692 

.780 

.856 

.300 

.426 

.526 

.611 

.679 

.770 

.831 

.869 

.910 

.965 

1.017 

1.080 

1.225 

A  =-417 

.293 

.417 

.515 

.598 

.666 

.741 

.808 

.853 

.894 

.948 

1.000 

1.052 

1.147 

^r=.500 

.283 

.406 

.504 

.584 

.654 

.722 

.786 

.834 

.878 

.930 

.980 

1.032 

1.132 

f2-=.583 

.272 

.394 

.492 

.573 

.640 

.705 

.766 

.817 

.862 

.911 

.960 

.995 

1.107 

§=.667 

.266 

.382 

.479 

.558 

.627 

.690 

.748 

.799 

.845 

.895 

.946 

.987 

1.089 

|=.750 

.252 

.369 

.467 

.545 

.613 

.677 

.733 

.784 

.834 

.878 

.923 

.973 

1.066 

£=.833 

.245 

.379 

.456 

.534 

.602 

.662 

.721 

.768 

.820 

.862 

.905 

.957 

1.047 

H=.917 

.238 

.348 

.446 

.522 

.590 

.648 

.709 

.754 

.806 

.847 

.892 

.938 

1.037 

1. 

.230 

.338 

.435 

.510 

.577 

.634 

.693 

.740 

.791 

.832 

.876 

.919 

1.007 

if =1.09 

.221 

.329 

.423 

.500 

.563 

.621 

.679 

.722 

.774 

.813 

.856 

.898 

.990 

£=1.20 

.211 

.318 

.411 

.489 

.548 

.607 

.661 

.705 

.755 

.794 

.836 

.877 

.968 

1=1.33 

.202 

.307 

.396 

.472 

.532 

.590 

.640 

.685 

.731 

.771 

.812 

.855 

.935 

1=1.50 

.193 

.294 

.381 

.452 

.511 

.571 

.618 

.663 

.707 

.727 

.789 

.827 

.896 

-^=1.71 

.183 

.278 

.362 

.428 

.487 

.542 

.591 

.636 

.678 

.716 

.756 

.794 

.848 

2 

.174 

.260 

.336 

.400 

.458 

.511 

.560 

.'604 

.642 

.679 

.715 

.748 

.795 

^=2.40 

.219 

.304 

.362 

.421 

.474 

.523 

.562 

.597 

.633 

.663 

.693 

.739 

3 

.265 

.321 

.379 

.428 

.473 

.508 

.540 

.572 

.600 

.624 

.673 

4 

.271 

.328 

.374 

.409 

.435 

.467 

491 

.521 

.548 

.600 

6 

.254 

.289 

.321 

.348 

.372 

.397 

.428 

.460 

.519 

12 

1 

.257 

.292 

.286 

.318 

.361 

.417 

For  both  Rack  and  Pinion,  use  number  of  teeth  in  pinion  for  N,  above. 


Rack  . . 
Pinion. 


.338 
.323 

.513 
.443 

.657 
.551 

.777 
.642 

.884 

.718 

.982 

.785 

1.071 

.847 

1.155 

.897 

1.233 
.941 

1.3041.378 
.990  1.032 

1.444 
1.067 

1.573 
1 .  122 


Table  II. 

FOR  INVOLUTE   TEETH. 

Values  of-—  in  indies  :  or,  number  by  which  to  multiply  the  pitch,  measured  in  inches,  to  obtain 


the  index  number  for  setting  the  odontograph. 

Number  of  teeth  in  wheel :  or  N  and  n. 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

112 

.323 

.443 

.551 

.642 

.718 

.785 

.847 

.897 

.941 

.990 

1.032 

1.067 

1.122 

N.  B. — The  tangent  should  be  drawn  to  the  base  circles. 
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for  the  interpolated  value,  we  have  .441 
as  the  multiplier  for  the  pitch.     Hence 

.441x2  inches  pitch  =  .882  inches, 

which  is  the  index  number,  or  the  num- 
ber to  look  out  on  the  scale  ADB,  Fig. 
4,  which  point  must  be  brought  to  coin- 
cide with  the  tangent  D  E.  Then,  plac- 
ing the  curve  C  F  tangent  to  the  tangent 
line  as  shown  in  the  figure,  the  tooth 
face  curve  may  be  drawn. 

For  the  smaller  wheel  we  have 


R 


—  .286  +  ,  and  ^=16. 


Running  down  the  column  headed 
"  16,"  we  find  no  ratio  =  .286,  but  .250 
and  .333.  Interpolating  by  the  well- 
known  method  of  proportional  parts,  we 
find  for  the  multiplier  the  number  .433. 
Hence 

.433 X2=. 866  inches.    . 

which  is  the  setting  or  index  number  re- 
quired for  the  small  wheel. 

2d.  For  the  rack,  suppose  the  large 
wheel  is  made  infinite  and  the  pitch 
line  straight.  Then  the  pinion  will  have 
16  teeth,  and  the  multiplier  is  .513. 
Hence 

.513X2  =  1.023  inches,  * 


which  is  the  index  number  for  setting  the 
odontograph  to  the  straight  line  of  the 
rack. 

For  the  pinion,  we  find  the  multiplier 
to  be  .443.     Hence 

.443X2  =  . 886  inches, 

which  is  the  required  number  for  the 
pinion. 

3d<  For  the  case  of  involute  teeth,  the 
multiplier  for  the  larger  wheel  is  .847, 
table  II,  and  for  the  smaller  it  is  .443. 

4th.  For  the  case  of  internal  gearing 
we  have,  for  obtaining  the  external  in- 
volute flanks, 
■p 
-=3j,  and  N=56. 

Not  finding  56  in  the  line  of  numbers 
of  teeth,  table  III,  we  interpolate  be- 
tween 40  and  60  for  the  ratio  3.  This 
gives  for  N  =  56  the  multiplier  .649. 
Similarly  for  ratio  4,  we  find  multiplier 
.490.  Taking  the  mean  of  these  for  the 
ratio  3-J-,  and  we  get  .569  as  the  desired 
multiplier.     Hence 

.569X2  inches  pitch  =  1.138  inches, 
for  the  index  number. 

For  the  faces  of  the  wheel  we  find, 
from  the  lower  line  of  table  III,  .841  as 


Values  of  —  in  % 


Table  III. 

FOR  INTERNAL  GEARING,   PINION  FLANKS  RADIAL. 

.•  or,  number  by  which  to  multiply  the  pitch,  measured  in  inches,  to  obtain 
the  index  number  for  setting  the  odontograph. 


5  or 
r 

• 

Wheel :  Number  of  teeth,  or  N. 

o   . 

93  rv 

8 

16 

24 

40 

60 

100 

150 

2 

r 

!400 

.556 

.818 

1.082 

1.514 

1.887 

3 

Fates  \ 

.210 

.317 

.497 

.687 

1.017 

1:322 

4 

.232 

.370 

.520 

.767 

1.027 

6 

I 

.268 

.387 

.555 

.687 

12 

I 

.282 

.387 

.447 

Flanks  of  wheel  and  faces  of  pinion. 


323 


.443 


.551 


,718 


.872 


1.084 


1.270 


N.  B. — In  laying  out  the  flanks  for  the  wheel,  the  tangent  should  be  drawn  from 
the  center  of  the  space,  and  not  center  of  tooth. 
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the  required  multiplier,  and  1.682  as  the 
index  number. 

To  set  the  odontograph.  Observing 
the  foot-note  of  table  III,  the  tangent 
line  E  D,  Fig.  4,  to  which  the  instru- 
ment is  set,  is  drawn  from  the  mid- 
dle of  the  space,  as  though  the  space  in 
this  case,  outside  the  pitch  line,  were  a 
tooth. 

For  the  faces  of  the  pinion  teeth  the 
multiplier  is  .443,  as  in  lower  line  of  table 
III,  &c,  &c. 

MODIFIED   FORM    OF   THE  WILLIS    ODONTO- 
GRAPH. 

The  odontograph  now  under  consider- 
ation is  termed  a  modified  form  of  the 
Willis  odontograph,  not  because  it  bears 
any  resemblance  to  the  Willis  odonto- 
graph, but  because  it  is  based  upon  the 
theory  of  Prof.  Willis  for  the  forming 
of  teeth  of  wheels  by  circle  arcs,  and 
also  because  it  gives  centers  to  tooth  arcs 
as  does  the  Willis  odontograph,  instead 
of  forming  in  itself  a  template  for  the 
curves. 

By  constructing  the  instrument  so 
that  it  can  be  set  to  various  angles,  in- 
stead of  being  fixed  at  15°  ;  and  by  pre- 
paring suitable  tables  to  accompany  it, 
we  may  be  able  with  it  to  lay  out  teeth 
with  straight  flanks  for  all  wheels,  the 
faces  of  the  teeth  being  circular  arcs 
whose  centers  are  given  by  the  instru- 
ment. 

The  analysis  by  which  these  facts  are 
demonstrated  is  essentially  that  of  Prof. 
Willis,  and  given  in  his  Principles  of 
Mechanism,  2d  ed.,  pp.  132,  136. 

According  to  the  Willis  theory  for 
forming  each  tooth  with  four  circular 
arcs,  whose  centers  are  on  the  line  of 
action,  if  certain  centers  be  removed  to 
an  infinite  distance,  the  arcs,  struck  from 
such  centers  will  be  straight  lines,  per- 
pendicular to  the  line  of  action.  This  is 
supposed  to  be  done  in  the  present  case 
for  the  flank  arcs,  and  when  the  line  of 
action  is  suitably  inclined,  these  perpen- 
diculars become  radii  on  the  pinion  and 
inclined  lines  on  the  wheel. 

With  these  conditions  imposed  at  the 
outset,  the  analysis  becomes  extremely 
simple,  as  follows  :  In  Fig.  9  let  A  and 
B  represent  the  pitch  circles,  C  the  pitch 
point,  and  E  F  the  line  of -action.  Draw 
A  E  and  B  F  perpendicular  to  E  F  as 
shown.     Let  OC  =  angle  C  A  E  =  C  B  F, 


A  C  =  R,  B  C  =  r,  and  CG  =  D.  Now 
Prof.  Willis'  diagram,  p.  135,  becomes 
Fig.  9  when  A  h  and  B  K  are  made  par- 
allel to  line  of  action  as  in  Fig.  9.  I 
will    simply   explain    Fig.    9,   referring 


those  who  wish  to  study  the  diagram 
further  to  Prof.  Willis'  book.  G  is  a 
center  for  describing  a  tooth  face  of  A, 
and  H  a  center  for  a  face  of  a  tooth  of 
B.  The  center  for  the  flank  -against 
which  the  face,  struck  from  G,  works, 
being  on  B  K  at  an  infinite  distance,  the 
flank  is  perpendicular  to  E  F.  The 
point  serving  as  the  origin  for  this  face 
and  flank  may  be  assumed  at  any  posi- 
tion *  on  the  line  E  F,  but  should  gener- 
ally be  not  far  from  F,  and  for  radial 
flanks  for  B,  must  be  at  F.  Similarly 
for  E  if  the  flanks  for  E  are  to  be  radial. 
To  render  the  odontograph  convenient 
in  practical  use,  and  to  keep  the  radii 
of  the  tooth  faces  within  reasonable 
limits  for  all  cases,  such  as  when  the  pair 
of  wheels  are  of  equal  size  and  also  of 
very  different  sizes,  it  is  found  advisable 
to  make  the  flanks  of  the  smaller  of  the 
pair  of  wheels  or  pinion  radial  in  all 
cases  ;  and  for  the  larger  wheel,  of  such 
inclination  that  the  same  radius  for  the 
tooth  faces  of  the  wheel  will  be  right  for 
the  pinion.  To  this  end  C  F  is  taken, 
arbitrarily  equal  to  one-third  of  the- 
pitch,  so  that  the  radius  of  the  faces  for 

*  This  fact  is  pointed  out  by  Prof.  Willis. 
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both  wheels  is  G  F  =  G  C  +  J  pitch. 
The  point  G  is  given  by  the  odontograph 
and  it  is  easy  to  lay  off  a  third  of  the 
pitch  CF.  Then  we  will  have,  CFB 
being  always  preserved  a  right  angle, 

P 

CF=-=rsin.  OC 

o 

P       2  it 

.*.  sin.  CC=—  =  — 
S7-     3  n 

where  n= number  of  teeth  in  pinion. 

Again 

CF  :  CH;;R  +  r  :  R 


CH=D=CF 


R 


R 


R  +  r— R  +  r'3 


But 


C  F  :  C  E  ;  ;  r  :  R 


and 


CG  :  CE:*r  :  R  + 


CG=CE 


CF 


R 


R    P 


or 


R-M'        *  R  +  rr     R  +  r'3 

CG=CH. 

This  shows  that  it  is  only  necessary  to 
set  the  odontograph  once  to  obtain  either 
C  G  or  C  H.  Taking  the  distance  from 
C  to  the  origin  of  tooth  arcs  the  same 
for  both  wheels  gives  equal  radii  for  the 
faces  of  both  wheels,  and  the  arcs  and 
flanks  are  easily  struck  in  as  shown  in 
Fig.  9.  •  To  draw  all  other  arcs  the  cen- 
ters may  be  found,  which  lie  in  circles 
concentric  with*  the  pitch  lines.  The 
drawing  of  the  non-radial  flanks  of  A 
will  require  a  little  attention  that  they  be 
drawn  at  the  proper  angle  with  the  ra- 
dius, or  rather  simply  perpendicular  to 
E  F  at  the  proper  point. 

The  quantities  OC  and  ^  are  given  in 

terms  of  n  and  — ,  respectively,  in  the 

following  table  for  a  number  of  values, 
which  will  aid  in  the  practical  use  of  the 
instrument,  the  necessary  setting  values 
being  thus  obtained  beforehand.  When 
the  data  fall  between  values  in  the  table, 
interpolations  will  be  necessary,  though 
readily  made. 

THE  INSTRUMENT,  AND  MODE  OF  USING  IT. 

The  modified  odontograph  is  shown 
full  size  in  Fig.  10,  with  its  scales,  &c, 
ready  for  use,  in  delineating  teeth  of  six 
inches  pitch. 


Table  IV. 

FOR  THE  MODD7D3D  WILLIS  ODONTOGRAPH. 

Values  of  the  setting  angle  OC  and  ofj>  for  posi- 
tion of  arc  center,  for  tooth  face  for  radial 
flanks  f or  pinion  and  for  inclined  flanks  for  the 
wheel. 


Setting 

Larger  ra- 

Tooth center 

Number 

angle  for 

dius  divid- 

distance di- 

of teeth 

odonto- 

ed by 

vided  by 

in  pinion, 

graph, 

smaller, 

pitch, 

—n. 

=0C 

_R 

_D 

r 

P 

Deg.  Min. 

10 

12    05 

1 

.167 

15 

8    02 

1.5 

.200 

20 

6    01 

2 

.222 

30 

4    00 

3      • 

.250 

40 

3    00 

4 

.267 

60 

2    00 

5 

.278 

80 

1    30 

6 

.286 

100 

1     12 

7 

.292 

130 

0    55 

8 

.296 

160 

0    45 

9 

.300 

200 

0    36 

10 

.303 

260 

0    28 

11 

.306 

300 

0    24 

12 

.308 

• 

N.  B. — The  two  parts  of  this  table  are 
entirely  independent  of  each  other,  the 
first  giving  the  setting  angle  OC,  without 
regard  to  where  the  line  is  in  second  part 

of  table  giving  ^. 

In  using  the  instrument  the  point  C 
is  to  be  brought  to  the  pitch  point  C, 
Fig.  9.  Then  the  angle  OC  obtained 
from  the  table  is  to  be  looked  out  on 
the  sectoral  scale  AB,  and  that  point 
placed  upon  the  radius  A  C,  Fig.  9.  The 
instrument  is  then  in  position.  A  line 
should  then  be  drawn  along  E  C  and 
produced  in  the  direction  of  F,  perpen- 
dicular to  which  the  flanks  are  to  be 
drawn.     Then  the  distance  D,  obtained 

by  multiplying  r-  of  the  last  table  by  P, 

is  to  be  set  off  on  the  scale  C  E,  Fig.  10, 
which  point  is  the  center  G,  Fig.  9,  from 
which  to  strike  the  tooth  face.  Then 
C  F,  equal  J  P  as  explained  above,  is  set 
off  on  line  E  F  as  the  origin  of  a  tooth 
face  and  flank  as  shown  in  Fig.  9.  We 
then  have  the  length  G  F  for  the  radius 
of  a  face  of  A,  which  is  also  the  radius 
for  the  faces  of.B  to  be  used  at  the  center 
H.  The  flanks  are  perpendicular  to  E  F 
and  tangent  to  the  tooth  arcs  as  shown, 
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and  each  face  works  with  its  tangent 
flank,  as  shown  in  Fig.  9.  By  repeating 
these  faces  and  flanks  the  teeth  become 
fully  drawn,  as  in  Fig.  13.  The  flanks 
of  the  smaller  wheel  are  always  radial, 

Fig.  10. 


MODIFIED  WILLIS 
ODONTO'GKAPH 

but  those  of  the  larger  wheel  never,  ex- 
cept in  case  both  wheels  become  equal, 
when  the  flanks  of  both  are  radial. 

It  will  hardly  be  necessary  to  follow 
this  description  with  an  example. 

ODONTOGEAPH  TEETH    COMPAEED. 

Fig.  11  is  an  accurate  drawing  of  a 
part  of  the  teeth  of  a  pair  of  wheels  as 
laid  out  by  the  well  known  Willis 
Odontography 

Fig.  12  is  likewise  a  carefully  executed 
drawing  of  a  portion  of  the  same  pair  of 
gears  as  laid  out  by  the  New  Odonto- 
graph. 

Fig.  13  shows  the  form  of  teeth  of  the 
same  pair  of  wheels  as  laid  out  by  the 
Modified  Willis  Instrument. 

The  smaller  of  the  wheels  has  twelve 
teeth,  and  the  larger  has  144  teeth. 
Vol.  XV.— No.  1—2 


These  drawings  will  enable  the  reader 
to  form  a  very  correct  opinion  as  to  the 
relative  merits  of  the  results  of  the  three 
instruments.  This  is  not  difficult  to  such 
as  are  familiar  with  the  proper  form  of 
gear  teeth.  While  this  may  be  true, 
still  it  remains  doubtful  which  to  adopt 
for  practical  use.  Such  doubts  however 
may  be  removed  on  taking  a  direct  com- 
parative view  of  the  respective  difficul- 
ties, and  conveniences  of  application  of 
the  three  instruments,  which,  for  the 
purpose  of  furthering  this  object  is  given 
below. 

PEACTTCE       WITH      THE      THEEE       ODOXTO- 
GEAPIIS  COMPAEED. 

The  well  known  Willis  Odontography 
in  laying  out  one  side  of  a  tooth  requires  : 
1st,  that  the  pitch  be  laid  off  on  the 
pitch  line  ;  2d,  that  this  pitch  be  bisect- 
ed to  obtain  the  origin  of  arcs  ;  3d,  that 
a  radius  be  drawn  at  one  end  of  the  pitch 
and  the  instrument  placed  on  it ;  4th, 
a  quantity  taken  from  a  table  by  which 
the  center  point  is  found  on  the  olonto- 
graph  scale  and  point  noted  on  drawing  ; 
oth,  that  the  instrument  be  then  placed 
on*  the  other  radial  line  ;  6th,  a  second 
quantity  taken  from  the  table  by  which 
a  second  center  point  is  found  and  noted 
on  drawing  for  a  second  arc  center  ;  7th, 
that  a  pair  of  dividers  be  placed  at  one 
center,  the  face  or  flank  struck  ;  8th, 
that  similarly  a  flank  or  face  be  struck 
from  the  second  center ;  9th,  and  finally 
that  caution  be  exercised  to  point  off 
the  right  center  at  the  two  settings  of 
instrument,  and  also  that  the  proper 
part,  flank  or  face,  be  drawn  from  the 
centers. 

The  New  Odontograph  in  laying  out 
the  side  of  a  tooth  requires  :  1st,  that  a 
tangent  line  be  drawn  to  the  pitch  circle; 
2d,  that  the  half  thickness  of  tooth  be 
laid  off  from  the  point  of  tangency  ;  3d, 
a  quantity  looked  out  from  a  table  ;  4th, 
that  this  be  multiplied  by  the  pitch  by 
which  the  instrument  is  properly  set  on  the 
tangent  line;  5th,  that  a  scribe  be  drawn 
along  edge  of  instrument  for  the  face/ 
6th,  and  lastly,  that  a  radial  flank  be 
drawn  from  the  intersection  of  face  with 
the  pitch  line. 

The  Modified  Willis  Odontograph  re- 
quires :  1st,  that  a  radius  be  drawn  ;  2d, 
that  a  setting  angle  be  found  from  a 
table   by  which  the  instrument  is  set  ; 
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3d,  that  a  second  quantity  be  taken  from 
a  table  ;  4th,  that  this  quantity  be  multi- 
plied by  the  pitch,  by  which  the  center 
point  for  the  face  is  found  and  noted  ; 
5th,  that  a  line  be  drawn  along  the  edge 
of  the  odontograph,  perpendicular  to 
which  the  flank  is  afterwards  drawn  ; 
6th,  that  the  one-third  pitch  be  laid  off 
from  the  end  of  the  radius  upon  which 
the  instrument  was  set  ;  7th,  that  by  aid 
of  a  pair  of  dividers  the  face  arc  be 
struck  ;  8th,  and  finally,  that  the  flank 
be  drawn  perpendicular  to  the  line  traced 
for  the  purpose,  as  above  described. 

COMPARATIVE  VIEW  OF  THE  INSTRUMENTS 
AND  TABLES. 

As  to  the  tables  for  the  three  instru- 
ments, those  for  the  modified  Willis 
odontograph  are  the  most  compact  of 
all,  having  only  four  vertical  columns 
and  fourteen  horizontal,  or  fifty-six 
blocks,  including  everything.  The  table 
for  the  Willis  odontograph,  as  published 
in  his  book,*  has  nine  vertical  columns 
and  twenty-eight  horizontal,  or  250 
blocks  for  figures.  As  printed  on  the 
card  which  accompanies  the  brass  instru- 
ment, it  has  fourteen  vertical  columns 
and  thirty  horizontal  ones,  or  420  blocks 
for  figures.  The  tables  for  the  new  in- 
strument, that  for  radial  flanks  and  epi- 
cycloidal  teeth,  has  fourteen  vertical 
columns  and  twenty-six  horizontal  ones, 
or  304  blocks  for  figures  ;  or,  adding 
those  for  table  for  internal  gearing,  we 
get  353.  It  is  believed  also,  that  table 
I  might  be  reduced  by  cutting  out  about 
half  of  the  horizontal  columns;  and  still 
the  gaps  to  be  filled,  in  practice,  by  in- 
terpolation be  no  greater  than  in  the 
tables  for  the  Willis  instrument'.  This 
would  reduce  the  tables  for  the  new 
odontograph,  for  epicycloidal  and  inter- 
nal gearing  to  210  blocks  for  fiomres. 
Then  adding  the  seventy-three  blocks 
for  figures  in  tables  II  and  III,  we  have 
the  tables  for  applying  the  new  instru- 
ment to  all  ordinary  forms  of  gears  oc- 
cupying 283  blocks  for  figures,  a  number 
of  places  much  less  than  is  found  in  the 
tables  on  the  printed  card  accompanying 
the  Willis  instrument,  and  but  few  more 
than  given  in  the  tables  published  in 
Professor  Willis'  book.  Taking  the 
table  that  accompanies  the  instrument,  as 
the    one    which  it .  is    fair  to   compare 


*  Willis,  p.  13T. 


with,  we  find  the  tables  for  the  new  in- 
strument most  compact. 

Comparing  the  instruments  themselves 
for  compactness,  we  see,  by  reference  to 
the  figures,  that  the  modified  Willis  in- 
strument is  a  little  ahead,  though  either 
this,  or  the  new  one,  may  be  carried 
under  the  tuck  of  a  common  pocket- 
book.  In  this  regard,  either  of  the  new 
instruments  possess  a  degree  of  porta- 
bility and  ready  usefulness,  not  common 
to  an  instrument  6X  14  inches,  as  in  the 
older  form  of  odontograph.  In  fact  the 
new  and  modified  instruments  might  be 
treated  as  mere  "  pocket  pieces,"  the  ac- 
companying tables  being  recorded  in  a 
note-book.  This  matter  of  compactness 
of  tables  and  instruments  is,  however, 
only  of  secondary  importance  when 
counterposed  with  desirable  results  and 
facility  of  obtaining  them. 

These  comparisons  indicate  that  the 
modified  Willis  odontograph  has  advan- 
tages in  the  minor  points  of  compactness 
of  instrument  and  tables.  But  in  the 
more  essential  qualities  of  simplicity  of 
application,  the  new  instrument,  as  above 
pointed  out,  appears  to  be  superior  in 
the  ratio  of  six  to  eight  or  nine  ;  and  of 
form  of  tooth,  superior  in  the  almost  ma- 
thematical correctness  of  the  curves  for 
faces,  and  in  having  radial  flanks,  as  in- 
dicated by  Figs.  1,  2,  11,  12,  and  13. 
Designers  of  gearing,  familiar  with 
properly  formed  gear  teeth,  however 
much  they  may  admire  the  short-cuts 
secured  by  odontography,  will  undoubt- 
edly deprecate  the  angularity  of  junction 
of  flanks  and  faces  found  in  the  Willis 
tooth,  and  the  rude  approximation  to 
correct  tooth  curves  inseparable  from  the 
circle  arc.  The  excessively  thick  base 
of  tooth  found  in  Fig.  1,  11,  and  13  are 
undesirable  features. 

Fig.  12,  as  compared  with  Figs.  11 
and  13,  shows  superiority  in  form  of 
tooth,  which,  by  those  who  advocate  the 
common  form  of  radial  flanks  at  least, 
cannot  be  questioned.  This  superiority 
of  form  of  tooth,  added  to  the  compact- 
ness of  instrument  and  especially  to  the 
important  advantage  possessed  by  it  of 
great  facility  of  application,  will,  it  is 
believed,  merit  for  the  new  odontograph 
decided  preferences. 

Parties  desiring  further  information 
concerning  the  instruments  may  address 
the  writer. 


20 


VAN  nostrand's  engineering  magazine. 


SPRING  PROPULSION  FOR  STREET  CARS. 

By  EDWARD  H.  LEVEAUX. 
From  "  Journal  of  the  Society  of  Arts." 


Some  years  back  I  was  struck  with 
the  simplicity  of  the  ordinary  toy 
mouse,  which  by  a  few  turns  of  a  common 
watch  key  in  the  hands  of  pater-familias 
gives  so  much  pleasure  to  the  younger 
members  of  his  family  ;  and  it  appeared 
to  me,  with  an  improved  method  of 
spring  coiling  and  tempering,  a  carriage 
for  passengers  might  be  manufactured 
to  run  on  the  tramways  and  railways. 
The  following  description  will,  I  hope, 
give  an  idea  of  the  car  and  its  machinery 
as  patented  by  me  on  the  24th  Septem- 
ber, 1873. 

In  application  to  the  ordinary  form  of 
tramway  carriage,  I  utilize  a  portion  of 
the  space  below  the  floor  of  the  car  for 
an  arrangement  of  drums,  or  barrels, 
containing  the  springs,  which  may  be 
placed  transversely  in  two  groups  or 
sets,  suitably  inter-connected  so  as  to 
form  one  continuous  volute,  acting  to 
generate  revolutions  of  the  driving 
wheel,  and  thus  effect  the  propulsion  of 
the  car.  At  the  terminal  or  intermediate 
stopping  stations,  the  means  of  winding 
up  and  re-coiling  the  springs  by  a  suita- 
ble fixed  steam-engine,  or  other  prime- 
motor,  are  to  be  provided,  rotary  motion 
being  communicated  by  a  shaft  under 
the  roadway  to  vertical  spindles,  and 
geared  wheels,  which  being  thrown  into 
temporary  connection  for  the  purpose 
with  the  spring  barrels,  will  coil  the 
springs  until  the  requisite  tension  power 
is  obtained.  The  means  of  effecting 
this  temporary  connection  of  the  prime- 
motor  with  the,  carriage  mechanism  may 
obviously  be  varied  without  affecting 
the  principle  of  thus  providing  stored 
up  power,  self  contained,  whereby  the 
cars  may  be  automatically  propelled. 
Adequate  brake  power  is  also  provided 
so  as  not  only  to  control  and  arrest  when 
requisite  the  spring  power,  but  to  hold  it 
in  complete  suspension  when  the  car  is 
stationary  ;  and  furthermore,  an  arrange- 
ment of  clutches  is  interposed  between 
the  spring  barrels  and  the  driving  wheels, 
whereby  the  uncoiling  motion  of  the 
springs,  which  is  constant  in  one  direc- 
tion only,  may  be  transformed  into  an 


ultimate  variable  rotary  motion,  giving 
out  the  contrary  directions  as  needed  for 
reversing  the  propulsion  of  the  car. 

To  obtain  distance,  the  springs  are 
arranged  as  follows:  a,  b,  c,  d,  and  e,  are 
a  series  of  five  springs  which  are  being 
wound  up  at  a,  from  the  outside,  and 
their  action  will  be  as  follows  : 

1st.  On  the  outer  end  of  the  spring,  a? 
being  moved  round,  the  immediate  effect 
will  be*  that  the  inner  end  of  the  same 
spring  will  turn  in  the  same  direction  ; 
the  inner  end  is  connected  by  a  "bush  " 
or  arbor,  f,  to  the  inner  end  of  the  next 
spring  in  the  series,  b,  so  that  the  motion 
imparted  to  a  is  communicated  to  b  from 
the  inside.  On  being  wound  from  the 
inside,  the  other  end  of  b  follows  in 
the  same  direction,  pulling  with  the 
outer  end  of  c,  to  which  it  is  connected 
by  the  pin,  g,  and  thus  c  is  wound  from 
the  outside,  and  the  process  described 
in  the  Case  of  a  is  repeated  till  the  end 
of  the  series. 

It  will  be  noticed  the  power  is  ulti- 
mately given  off  by  the  "bush,"  k,  and 
it  is  necessary  that  k  should  be  prevented 
from  turning  during  the  process  of  wind- 
ing. 

2nd.  At  any  period  of  the  winding  all 
the  springs  are  wound  to  the  same  de- 
gree of  tightness,  in  fact  they  are  wound 
simultaneously,  and  not  successively. 

3rd.  The  action  during  running  down 
is  exactly  the  converse  of  the  above. 

4th.  To  sum  up,  the  action  of  the 
series  is  precisely  that  of  any  one  single 
spring  prolonged  ;  thus,  if  in  a  series  of 
ten  springs,  each  can  be  wound  up  twelve 
times,  and  give  an  average  pull  of  five 
or  six  cwt. ;  the  pull  of  the  series  is  pre'- 
cisely  the  same,  but  the  number  of  turns 
is  multiplied  by  10,  or  =  120. 

I  will  now  describe  more  fully  the 
meansT  employ  for  winding  up  the  spring 
barrels.  At  the  starting  place,  or  so 
near  to  it  as  convenient,  I  provide  a 
small  5-horse  engine.  The  shaft  of  the 
stationary  engine  serves  to  give  motion 
to  a  belt-wheel,  the  belt  from  which 
passes  to  a  pulley  keyed  to  a  horizontal 
shaft,  which  shaft  is  supported  in  bear- 
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i.ngs  placed  below  the  roadway,  and  for 
the  sake  of  convenience  enclosed  in  a 
metal  casting  or*  tube.  Close  to"  one 
side  of  the  tramway,  over  which  the  car- 
riage is  intended  to  run,  a  box  is  sunk  in 
the  roadway,  and  through  this  box  passes 
the  shaft  ;  keyed  on  to  the  shaft  within 
the  box  is  a  spur-wheel,  which  gears 
with  a  spur-wheel  carried  by  a  pair  of 
radius  arms,  which  have  for  their  support 
the  shaft.  The  axle  of  the  spur-wheel  is 
fitted  with  a  sleeve  so  shaped  as  to  con- 
nect with  the  winding  axle  of  the  car- 
riage, and  to  permit  of  its  instant  dis- 
connection thereof  when  required.  The 
box  is  fitted  with  a  lid  to  cover  the  gear- 
ing when  out  of  action  ;  when  it  is  de- 
sired to  wind  up  the  spring  barrels,  the 
carriage  is  brought  up  to  the  required 
position  ;  the  lid  of  the  box  is  thrown 
back,  and  the  spur-wheel  raised  so  that 
the  sleeve  of  its  axle  can  be  in  connection 
with  the  winding  axle  ;  the  engine  is 
then  set  in  motion,  and  by  means  of  its 
connection  with  the  main  shaft,-,  it  will 
cause  the  spur-wheels  to  rotate,  and 
through  the  sleeve,  or  other  couplings, 
give  rotary  motion  to  the  winding  axle, 
and  thereby  wind  up  the  spring  barrels. 
To  prevent  overwinding,  a  friction- 
coupling  may  be  introduced  at  any  con- 
venient part  of  the  apparatus,  or  a  means 
of  forcibly  disconnecting  the  sleeve,  or 
other  coupling,  from  the  winding  axle 
may  be  provided.  When  the  spur-wheel 
has  been  disconnected  from  the  carriage, 
it  will  be  returned  to  its  depressed  posi- 
tion, and  the  lid  of  the  box  will  be  closed. 

Where  the  line  is  three  to  four  miles, 
I  shall  require  three  of  the  above  engines  ; 
one  at  each  end  of  the  line,  and  one  in 
the  middle.  Where  stationary  engines 
cannot  be  worked,  it  is  my  intention  to 
employ  portable  engines,  which  can  be 
brought  to  the  winding-up  barrels  and 
the  process  of  winding  gone  through 
during  the  collection  of  tickets  and 
checking  the  number  of  passengers.  I 
think  it  will  be  advisable  that  the  places 
where  these  "  wind-ups  "  occur  should  be 
stopping  stations,  where  passengers  may 
alight  from  or  enter  the  carriages. 
These  stopping-stations  are  quite  the 
custom  abroad,  and  it  will  facilitate  the 
working  of  my  spring-cars  if  adopted 
where  my  invention  is  used. 

On  country  roads,  where  long  distan- 
ces have  to  be  traversed,  I  propose  using 


an  auxiliary  spring  engine.  This  engine 
will  be  fitted  with  the  most  powerful 
springs  we  can  obtain,  wTith  full  reversing 
and  break  power.  At  convenient  sidings 
on  the  route,  and  where  it  is  calculated 
the  spring  power  under  the  car  will  be 
expended,  one  of  these  auxiliary  engines 
will  be  attached,  which  will  draw  the 
car  a  considerable  distance,  where  an- 
other may  be  in  readiness  to  continue  or 
finish  the  journey,  as  the  case  may  be. 
Should  it  be  desirable  on  some  lines  to 
have  several  cars  drawn  at  once,  I  am  of 
opinion  the  auxiliary  engine  can  be  fitted 
with  sufficient  powrer  to  draw,  at  a  mod- 
erate speed,  several  such  light  cars  with 
passengers  ;  but  this  is  a  matter  for  con- 
sideration after  my  system  has  had  a 
fair  trial  on  the  public  tramways,  with 
the  style  of  car  at  present  in  use. 

I  commenced  operations  about  August, 
1873,  and  after  trying  some  experiments 
on  a  paper  car,  with  ordinary  watch 
springs,  I  took  out  my  patent  in  Septem- 
ber of  that  year.  At  that  time  the 
largest  springs  made  wrere  about  six 
pounds  in  weight,  giving  a  maximum 
pull  of  about  120  lbs.,  and  used  for  the 
purpose  of  lifting  "  Clark's  patent  iron 
shutters."  On  visiting  Sheffield  at  that 
time,  and  seeing  several  of  tfre  most  im- 
portant steel  and  spring  makers,  I  was 
informed  springs  of  almost  any  size 
might  be  made,  but  fresh  machinery 
(and  some  of  a  very  costly  character) 
and  furnaces,  &c,  would  have  to  be  con- 
structed, and  none  felt  inclined  to  take 
this  risk.  I  was  ultimately  introduced 
to  the  managers  of  the  Titanic  Steel 
Works,  who  undertook  to  provide  springs 
for  a  rough  trial  ;  finding,  however, 
their  plant  was  incapable  of  turning  out 
the  steel  required,  they  handed  the  mat- 
ter over  to  the  "  Phoenix  Bessemer  Steel 
Company."  Mr.  Thomas  Hampton,  the 
enterprising  managing  director,  called 
on  me,  saw  my  model,  and  after  due  con- 
sideration, he  assured  me  that  with 
practice,  and  after  experiments  were 
made  as  to  the  exact  quality  of  the  steel 
required,  almost  any  kind  of  springs 
could  be  rolled  and  tempered,  and  he  at 
once  undertook  the  affair. 

Early  in  1874  large  springs  were  test- 
ed, and  the  car  propelled  by  them  on  a 
short  line  laid  down  at  my  engineer's  in 
the  Borough,  but  after  many  experiments 
it  was  found  the  original  iron   barrels, 
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and  the  machinery  altogether,  were  too 
heavy  to  warrant  a  public  trial  of  the 
car  ;  sufficient,  however,  had  been  done 
to  show  the  great  stride  made  in  spring 
tempering  since  the  date  my  patent  was 
taken  out.  We  had  already  obtained  a 
few  springs  with  sufficient  power  to  pro- 
pel a  heavily  built  truck,  containing  the 
springs,  boxes,  and  machinery,  on  the 
short  line  at  the  works  ;  and  the  follow- 
ing extract  from  the  report  by  my  engi- 
neers of  a  trial  which  took  place  at  this 
time  will  show  what  power  had  been  ob- 
tained. 

"  The  apparatus  is  at  present  attached 
to  a  strong  frame-work  of  timber,  and 
altogether  weighs  thirty  cwt.  On  being 
released  it  started  off  at  a  rapid  speed, 
and  struck  a  plank  placed  at  the  end  of 
the  line  with  such  violence  as  to  throw 
itself  off  the  line  ;  it  was  replaced, 
thrown  out  of  gear,  and  run  back  to  the 
starting  place.  The  experimental  truck 
was  then  attached  by  a  rope  to  the  Ant- 
werp tramway-car,  which  weighs  thirty- 
three  cwt. ;  and  on  being  put  into  gear, 
started  the  whole  weight  of  sixty-six 
cwt.  and  three  persons  in  the  car  (which 
would  add  about  four  cwt.)  with  great 
ease  and  smoothness  ;  and  at  the  rate  of 
about  six  miles  an  hour.  This  was  re- 
peated twice,  and  during  the  whole 
series  of  trials  the  machine  was  not  re- 
wound. On  the  whole  the  trial  was 
satisfactory,  as  proving  that  the  springs 
were  free  to  exert  their  full  force,  and 
have  a  sufficient  power  to  propel  the  car 
at  a  proper  speed.  Had  a  longer  line 
been  available,  I  have  no  doubt  a  much 
better  result  as  to  speed  and  distance 
would  have  been  obtained." 

Thus  it  will  be  seen,  spring  power  in 
a  few  months  had  increased  from  a  pull 
sufficient  to  raise  up  one  of  Clark's  iron 
shutters  (of  about  120  lbs.  pull)  to  that 
required  to  propel  a  truck,  and  one  of 
the  Antwerp  street  cars,  weighing  alto- 
gether about  sixty-seven  cwt.,  at  the 
rate  of  about  six  miles  an  hour  "with 
great  ease  and  smoothness." 

It  was  rather  an  amusing  scene,  how- 
ever, this  first  run.  Several  of  the  men 
at  the  works  were  kind  enough  to  volun- 
teer as  passengers  for  the  first  ride,  not 
thinking  the  machine  would  develop  so 
much  power.  On  starting,  the  clutch 
was  removed,  and  off  the  truck  went  ; 
it,   however,   to   use   the   words  in  the 


above  report,  "  started  off  at  a  rapid 
speed,  and  struck  a  plank  placed  at  the 
end  of  the  line  with  such  violence  as  to 
throw  itself  off  the  line,"  together  with 
my  unfortunate  friends,  the  workmen, 
who  had  so  kindly  given  their  services 
for  the  first  trial.  They  picked  them- 
selves up  with  much  good  humor,  and 
soon  assisted  to .  replace  the  car,  all 
present  being  pleased  that  the  machine 
had  shown  itself  of  so  lively  a  character  ; 
and  feeling  satisfied  with  such  a  power 
properly  developed,  a  great  future  must 
be  the  results  of  these  experiments. 

Unfortunately  about  this  period,  my 
friend,  Mr.  Hampton — who  was  so  ener- 
getically at  work  in  producing  springs 
for  my  invention — met  with  a  very 
serious  accident.  He  and  his  groom 
were  thrown  out  of  his  carriage,  the 
groom  killed,  and  he  laid  up  with  a  com- 
pound fracture  of  the  leg,  and  confined 
to  his  house  for  nearly  twelve  months. 
Thus,  at  the  moment  of  success,  the 
whole  affair  became  paralyzed,  the  ex- 
periments put  an  end  to,  and  I  compelled 
to  seek  fresh  assistance  in  spring  making  1 

It  was  the  success  of  the  above  experi- 
ments, however,  that  supported  me  in 
redoubling  my  exertions  in  this,  extremi- 
ty, and  I  had  before  me  the  noble  exam- 
ple of  the  original  promoters  of  that 
great  work  "  The  Atlantic  Telegraph," 
who  after  sinking  about  2,500  miles  of 
cable  along  the  depths  of  the  broad  At- 
lantic, succeeded  in  1858  in  transmitting 
a  message  from  "  The  Queen  of  England 
to  the  President  of  the  United  States," 
and  his  reply.  The  insulation  of  the 
wire,  however,  having  become  almost 
immediately  faulty,  the  power  of  trans- 
mitting telegrams  ceased,  and  it  was  not 
till  1866,  and  after  several  unsuccessful 
attempts,  that  the  Great  Eastern,  com- 
manded by  the  present  Sir  James  An- 
derson, succeeded  in  joining  a  band  of 
communication  between  the  old  and  new 
worlds. 

After  great  and  many  vexatious  de- 
lays I  induced  the  well-known  spring 
makers,  Messrs.  George  Salter  and  Co., 
of  West  Bromwich,  to  take  up  the  mat- 
ter. They  laid  down  fresh  machinery, 
and  built  new  furnaces,  securing  the  ex- 
perience of  their  best  hands  in  coiling 
and  tempering  large  springs,  and  I  am 
happy  to  say  with  great  success.  During 
the  year  1875  many  sets  of  springs  were 
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made  and  fixed  under  the  car,  which 
about  May  last  was  taken  to  West 
Brompton,  and  tried  on  the  line  at  the 
Lillie-bridge  Railway  works.  At  one 
trial  we  carried  about  five  tons,  seven 
cwt.,  including  car,  machinery,  and  pas- 
sengers, and  at  the  rate  of  about  seven 
miles  an  hour,  but  having  only  three 
barrels  at  work,  instead  of  twenty-four, 
we  only  made  a  proportionate  distance. 
Our  first  run  on  the  rails  took  place 
at  Lillie-bridge  Railway  works  one 
Saturday  afternoon.  The  truck  with 
the  machinery  fixed  had,  after  some 
difficulty,  been  placed  on  the  line,  wound 
up  and  brought  to  the  starting  place. 
It  was  anything  but  a  pretty  affair  to 
look  at,  painted  an  ugly  iron  color  ; 
with  its  peculiar  looking  spring  barrels 
underneath,  and  between  the  wheels, 
and  its  long  iron  brake  handle  sticking 
up  at  one  end,  a  more  nondescript  look- 
ing locomotive  had  never  before,  I  should 
think,  made  its  debut  on  the  railway.  It 
evidently  puzzled  the  workmen  and  peo- 
ple engaged  on  the  line,  as,  although  it 
was  Saturday  afternoon,  and  the  work- 
sheds  closed,  a  number  of  men  and  boys 
remained  for  two  or  three  hours,  to  see 
what  our  ugly  customer  was  intended  to 
do  ;  when  they  discovered  a  "  run  "  was 
to  take  place,  and  passengers  wanted,  a 
rush  was  made  to  secure  seats,  or,  as  I 
should  more  correctly  say,  stands,  for  the 
conveyance  was  not  fitted  for  passenger 
traffic.  Some  sixteen  men  were  soon 
standing  in  the  truck  and  holding  on  to 
each  other-ready  for  starting.  At  this 
moment  I  was  much  amused  at  the  con- 
duct of  the  engineer  and  stoker  on  an 
engine  shunting  a  long  coal  train,  who 
had  been  requested  to  clear  part  of  the 
line  for  my  experimental  run.  They 
were  sorely  perplexed  at  seeing  the  men 
standing  on  what  appeared  to  them  a 
coal  truck  in  difficulties,  but  no  sooner 
did  they  perceive  it  start  off  with  its 
motley  group,  without  any  apparent 
driving  machinery,  than  they  jumped  off 
their  engine  and  ran  after  the  spring-car, 
climbing  on  the  back,  and  taking  part  in 
its  first  journey  along  the  line  ;  and  a 
very  merry  journey  we  had  on  our  mon- 
grel-looking carriage,  the  men  and  boys 
laughing  outright  at  the  comical  appear- 
ance of  the  whole  affair,  at  the  same  time 
expressing  tjieir  pleasure  at  witnessing 
this  novel  kind  of   propulsion.     "Only 


think,  Bill,"  says  one,  "this  'ere  truck 
being  drove  along  by  watch  springs." 

A  very  severe  and  dangerous  illness 
prevented  my  carrying  out  further  ex- 
periments last  year  till  early  in  Decem- 
ber, when  further  runs  took  place  with 
six  barrels  instead  of  three,  and  more 
than  double  the  distance  was  obtained. 
Several  serious  defects,  however,  were 
discovered  in  the  machinery,  which  had 
been  constructed  nearly  double  the 
weight  necessary  in  consequence  of  my 
machinists  being  misled  by  one  of  the 
early  spring  makers  as  to  the  actual 
"  pull "  the  large  springs  were  likely  to 
give.  Also,  the  springs  used  were  found 
to  be  too  large  for  the  barrels,  and  bound 
in  unwinding.  Of  course,  I  have  been 
to  a  certain  extent  working  in  the  dark, 
as  neither  the  spring  makers  or  temperers 
had  any  experience  to  fall  back  upon  in 
the  manufacturing  of  such  long  lengths 
of  steel,  and  giving  them  the  proper  coil 
and  temper  best  suited  for  the  work  it 
had  to  do  when  fully  wound  up. 

When  the  matter  was  first  laid  before 
the  Sheffield  steel  makers  in  1873,  it  was 
thought  impossible  to  roll  steel  bands 
longer  than  about  thirty  to  forty  feet  of 
"  Birmingham  wire  gauge."  The  follow- 
ing extracts  from  the  correspondence  of 
the  steel  manufacturers  will  illustrate 
this  part  of  my  paper,  and  which  I  am 
afraid,  from  its  necessarily  technical 
character,  will  prove  a  dry  and  uninter- 
esting subject. 

Messrs.  George  Salter  &  Co.,  of  West 
Bromwich,  write,  1st  March,  1874  : 

"  We  believe  if  we  make  springs  of 
steel,  fifty-six  to  sixty  feet  long,  and  six 
inches  wide  of  nine  B.  W.  G.,  you  will 
get  seven  revolutions,  and  a  power  of 
about  ten  cwt." 

To  show  how  things  have  improved 
since  the  above  was  written,  Messrs. 
Salter  have  during  the  last  few  months 
produced  springs  sixty-five  feet  long,  and 
only  four  inches  wide  (instead  of  six,  as 
named  above)  giving  a  maximum  pull  of 
over  1,600  lbs.;  and  as  an  example  of 
what  can  now  be  accomplished,  they 
have  tempered  a  short  length  of  steel 
three  inches  wide,  giving  the  enormous 
pull  of  3,150  lbs.  This  band  of  steel  being 
one  B.  W.  G.,  or  about  one-third  of  an 
inch  in  thickness ;  this  spring  when 
wound  up  coils  as  tight  as  a  Coventry 
ribbon. 
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Messrs.  Jessop  &  Sons,  of  Sheffield, 
wrote  on  the  24th  March,  1874  : 

"  We  have  rolled  seventy  feet  long,  by 
four  inches  broad,  seven-thirty- seconds 
thick.  We  now  find  we  can  roll  bands 
184  feet  long,  four  inches  wide,  seven- 
teen B.  W.  G.  easy." 

Nearly  three  years  have  thus  been 
spent  in  ascertaining  the  best  method  of 
tempering  springs,  and  determining  the 
most  useful  method  of  coiling  the  steel 
for  my  purposes.  The  time,  however, 
has  been  most  usefully  employed  in  trials 
on  my  models  and  the  truck  and  full- 
sized  car  at  West  Brompton.  During 
this  period  some  hundreds  of  different 
sized  springs  have  been  made  and  tested, 
and  I  may  now  fairly  say  all  seeming 
difficulties  have  been  overcome. 

In  the  necessarily  short  space  of  time 
that  can  be  allotted,  at  such  a  meeting 
as  the  present,  to  the  history  of  my  pro- 
posed change  of  street  locomotion,  and 
its  relative  cost  and  safety  to  both  pas- 
sengers and  the  public  generally,  I  feel 
I  must  limit  my  description  to  another 
extract,  this  time  from  the  report  of  Mr. 
George  Leach,  engineer,  and  Official  Re- 
porter on  Machinery  at  the  Paris  Exhi- 
bition of  1867,  and  London  Exhibition 
of  1871.  Mr.  Leach  was  called  in  to 
give  his  official  opinion  for  the  guidance 
of  some  gentlemen  who  contemplated 
connecting  themselves  with  my  patent, 
which  is  dated  "  Britannia  Works,  Leeds, 
Oct.  19,  1874."  After  introducing  the 
subject,  Mr.  Leach  writes  thus  : 

"Although  a  rumor  had  reached  me 
previous  to  our  interview,  of  your  pro- 
position to  propel  tram  cars  by  means  of 
steel  springs,  I  anticipated  only  a  vision- 
ary scheme,  or  a  resurrection  of  anti- 
quated experiments  long  since  defunct 
in  this  age  of  perfected  engineering 
science. 

"  It  required  little  prescience  to  remind 
one  that  we  are  daily  and  constant  ob- 
servers of,  and  operators  in,  the  manipu- 
lation necessary  to  convey  a  certain 
amount  of  physical  force,  for  the  purpose 
of  storing  in  the  tension  of  a  metal 
spring  motive  power  or  energy  for  re- 
quired mechanical  work. 

"  Our  pocket  watches,  and  other  time 
keepers,  besides  numerous  other  common 
contrivances,  familiarize  us  with  the  uni- 
versal adoption  of  the  most  practical, 
and  most  useful  means  of  providing  an 


accumulation  or  reservoir  of   propelling 
effort. 

"The  process  of  winding  up  a  watch, 
is,  for  the  sake  of  convenience,  brief  in 
point  of  time,  and  the  force  exerted  in 
this  operation  is  proportionate  to  the 
power  necessary  to  keep  the  machinery 
of  the  watch  in  movement  during  a  given 
period. 

"  Ten  half- turns  with  the  watch  key 
convey  from  the  hand  a  store  of  force 
sufficient  for  an  expenditure  of  the  same 
equivalent  amount  of  force  during 
twenty-four  or  more  hours,  yet  the  hand, 
as  the  origin  of  the  power,  is  occupied 
but  ten  seconds.  The  time  requisite  for 
winding  up  is  but  the  8,640th  part  of 
that  occupied  in  the  subsequent  expendi- 
ture of  the  power  originally  contributed, 
yet  no  single  unit  of  this  power  accumu- 
lated during  the  ten  seconds  is  lost.  The 
effect  is  balanced,  and  the  well-known 
mechanical  axiom  enlarged  is  recognized, 
that  *  what  you  obtain  in  power  may  be 
expended  by  its  equivalent  in  speed.' 

"  The  principles  chiefly  to  be  noticed 
and  valued  in  this  system  of  conveying, 
conserving  or  storing  power  in  the  ten- 
sion of  springs  are  : 

"1st.  Practicability. 

"2d.  Portability. 
' "  3d.  Convenience. 

"  4th.  Economy. 

"It  may  appear  singular  at  first  sight 
that  the  propulsion  of  vehicles  by  means 
of  '  springs,'  or  rather  the  '  motive  power' 
stored  in  springs,  has  not  hitherto  been 
put  in  practice  and  carried  to  a  mechani- 
cal and  commercial  success,  seeing,  as 
before  referred  to,  there  are  so  many  ex- 
amples where  spring  power  has  been 
utilized. 

"  There  are,  however,  many  reasons 
why  the  previous  adoption  of  the  system 
has  not  been  made,  and  also  why  before 
the  patenting  of  your  invention  other 
minds  have  not  been  so  fortunate  in 
working  out  the  solution  of  this  very  im- 
portant question. 

"  The  necessities  of  rapid  transit  from 
distant  places,  and  the  carriage  of  heavy 
material,  have  alone  sufficed  to  promote 
and  establish  the  success  of  locomotion 
by  steam  power  as  at  present  exhibited 
on  our  railways.  The  means  are  suited 
to  all  ends,  and  require  no  discussion 
here.  Street  tramways,  however,  offer 
very  different  considerations*,  and  in  en- 
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deavoring  to  supply  to  the  cars  fitted  for 
the  traffic  upon  the  same,  the  most  suita- 
ble system  of  motive  propelling  power, 
the  inventor  is  reminded  of,  and  met 
with  totally  altered  and  different  condi- 
tions. 

"  Before  critically  reporting  upon 
either  the  excellencies  or  defects  of  your 
invention,  it  is  necessary  that  the  exigen- 
cies of  street  railway  locomotion  should 
be  fairly  and  impartially  stated.  These 
may  be  enumerated  as  follows  : 


"  1st.  Safety  to  limb  and  life. 
"  Under  this  head  it  is  not  merely  the 
.passengers  in  the  cars  who  must  be  cared 
for,  but  those  also  occupying  other  con- 
veyances moving  on  the  public  thorough- 
fares, and  in  addition  to  these,  the  very 
.  cattle  used  in  moving  the  conveyances. 
Then  again,  the  pedestrians  must  be  pro- 
tected who  may  approach  the  cars.     All 
have  equal  right  of  road. 
"  2d.  Security  to  property. 
"  Hitherto,  all  known  attempts  to  pro- 
pel   carriages    by    steam  in    the    public 
streets  have  exhibited  the  necessity  for 
adopting  high  and  dangerous  pressures 
in  order  to  economize  in  the  least  possi- 
ble space  a  sufficiency  of  motive  power 
for  the  purpose.     The  reports  of  the  ex- 
periences  and  the   casualties   attending 
the  experiments  with  them,  dating  ov(  r 
forty  years   back    (all  honor   be  to  the 
worthy    attempts    made     by    Hancock, 
Gurney,  Ogle,  Summers,  and  others,  who 
attempted  to  establish  steam  propulsion 
on  common  roads)  suffice  to  indicate  the 
impracticability  of  using  steam. 

"  The  very  escape  of  steam  or  smoke, 
or  the  accidental  fall  of  red  cinder,  and 
even  the  sensation  of  heat  which  must  be 
experienced  by  both  passengers  and 
passers  by,  and  the  terrors  inflicted 
thereby  on  the  timid  and  unreasoning 
beasts  of  burden  are  all  objections  which, 
forty  years  ago  as  now,  rendered  the  use 
of  steain  engines  upon  crowded  streets 
as  inadmissible  as  it  would  be  and  is  at 
the  present  day.  In  my  opinion  those 
who  repeat  the  attempt  will  also  repeat 
the  failures. 

"  3d.  Economy  in  first  cost. 

"  4th.  Economy  in  working  expenses. 

"  Now  by  the  introduction  of  your  in- 
vention I  am  honestly  of  opinion  that  all 
the    advantages   enumerated   under  the 


last  four  heads  may  be  secured,  and  the 
objections  fatal  to  the  use  of  steam 
overcome. 

"The  plan  you  have  invented  for  con- 
necting a  series  of  springs  together  into 
which  you  can  accumulate  sufficient 
force,  which  can  be  given  out  and  regu- 
lated at  will  by  the  conductor  of  the  car 
(in  actuating  the  driving  wheel  of  the 
car)  is  the  solution  of  the  problem,  and 
offers  the  long  sought  for  desideratum. 

"The  manufacture  of  such  springs, 
light  in  weight,  reliable  and  constant  in 
action,  and  of  the  necessary  strength, 
has  been  rendered  possible  only  by  the 
perfection  of  steel  manufacture  itself 
within  the  last  few  years. 

"  The  working  out  of  your  scheme 
successfully  needs  only  a  careful  con- 
sideration of  detail.  Of  its  practicability 
you  are  by  your  experience  already  as- 
sured. Every  particle  of  the  machinery 
must  be  so  modeled  that  weight  (by  the 
adoption  of  steel  in  lieu  of  iron,  mallea- 
ble cast  metal  instead  of  ordinary  cast 
iron,  &c),  may  be  diminished  to  the 
minimum,  and  by  this  you  will  obtain, 
secondly,  portability. 

"  The  '  convenience  '  of  your  arrange- 
ments is  acquired  by  the  ability  to  place 
the  machinery  connected  with  the  springs 
either  under  the  framework  of  the  cars 
or  in  a  separate  tender.  The  space  oc- 
cupied ordinarily  by  a  pair  or  two  pairs 
of  horses  preceding  the  car  as  in  the  or- 
dinary practice  will  be  avoided. 

"  The  *  economy  '  resulting  from  your 
whole  scheme  is  indisputable,  and  as 
stated  above,  whilst  adverting  to  its 
'practicability,'  careful  calculations  and 
planning  of  mechanical  detail  are  alone 
requisite  to  obtain  an  enormous  profit 
over  the  present  method  of  propulsion 
by  horse  power. 

"  Your  experiments  already  prove  that 
the  power  you  can  store  in  your  series 
of  springs  will  suffice  to  propel  the  car  a 
distance,  without  stopping,  of  three 
miles. 

"If,  therefore,  as  is  well  known,  the 
distances  traveled  by  tram  cars  without 
stoppage  to  put  down  or  take  up  passen- 
gers would  rarely  exceed  many  hundred 
yards,  stations  might  be  arranged  for 
winding  up  the  springs  at  the  end  of  each 
mile. 

"  Thus  you  will  insure  a  sufficient  con- 
servation or  reservoir  of  propelling  en- 
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ergy  always  unexpended  in  the  springs 
to  meet  every  emergency. 

"  By  suitable  and  well-known  precau- 
tions the  action  of  the  machinery  can  be 
rendered  practically  noiseless,  whilst 
every  possible  risk  from  any  accidental 
breakage  of  the  parts  can  be  assured. 

"Instead  of  applying  the  ordinary 
,  friction  brake  in  stopping  the  progress 
of  the  car,  the  momentum  the  car  has 
acquired  may,  by  s'uitable  gearing  and 
simple  mechanical  contrivances,  be  con- 
verted into  available  force,  and  the  same 
given  back  to  swell  the  stock,  so  to 
speak,  of  consumed  power  existing  in 
the  spring  series. 

"  Many  systems  of  conveying  the  wind- 
ing-up power  to  the  cars  at  the  respective 
stations  may  be  adopted  ;  these,  how- 
ever, would  be  regulated  by  local  circum- 
stances and  by  the  nature  of  the  gra- 
dients in  the  sections  of  road  to  be  tra- 
versed. 

"  One  stationary  steam  engine  of  pro- 
portionate power  might  suffice  for  con- 
veying power  by  hydraulic  pressure  and 
connections  to  each  of  the  several  sta- 
tions, whatever  their  distance  apart 
might  be.  At  these  stations  the  power 
might  be  held  available  at  any  instant, 
and  with  any  degree  of  force,  by  means 
of  .the  well-known  accumulators,  con- 
structed in  accordance  to  the  effort  re- 
quired. By  these  means  the  imparting 
of  the  necessary  power  to  the  springs 
placed  on  the  car  may  be  accomplished 
in  a  space  of  time  proportionate  to  the 
distance  to  be  run  by  the  car,  and  com- 
parable to  that  instanced  before  in  the 
case  of  winding  up  a  watch. 

In  conclusion,  I  am  impressed  with 
the  feasibility  of  your  scheme  by  the 
fact  of  its  extreme  simplicity  and  its 
compliance  with  all  the  requirements 
necessary  for  tranrway-car  traffic,  and  I 
augur  for  it,  if  supported  by  capital  and 
enterprise,  a  complete  mechanical  and 
financial  success. 

I  am,  dear  sir,  yours  truly, 

"  George  Leach. 

"Official  Reporter,  Paris  Exhibition, 

1867. 
"  Official  Reporter,  London  Exhibition, 

1871." 

As  regards  its  application  to  the  public 
thoroughfares,  I  can  add  little  to  the 
above  report,   and    feel   the  writer  has 


fully  placed  the  value  of  my  invention 
before  those  interested  in  tramway  prop- 
erty. I  will  merely  remark  that  I  trust 
in  a  short  time  to  see  the  spring  motion 
applied  to  a  light  steel  corrugated  car- 
riage, to  run  on  the  asphalt  roads,  or 
where  such  roads  are  not  convenient,  on 
the  asphalt  bands,  as  lately  proposed  by 
Mr.  Edwin  Chadwick,  a  full  report  of 
which  appeared  in  your  Society's  Jour- 
nal of  the  25th  June,  1875.  On  page  26 
of  that  paper  a  diagram  is  given  of  these 
asphalt  wheel  tracks. 

My  spring  makers,  Messrs.  Geo.  Salter 
&  Co.,  have  just  completed  the  springs 
and  machinery  for  propelling  a  car  to 
run  either  on  the  asphalt  roads  or  the 
ordinary  tramways.  Two  sets  of  wheels 
have  been  made,  which  can  be  changed 
as  required  for  either  mode  of  tran- 
sit. The  car  has  been  built  especi- 
ally for  this  machinery,  the  barrels 
placed  longitudinally  under  the  car- 
riage, and  in  two  sets,  which  can  be 
worked  successively  or  simultaneously, 
as  the  case  may  require.  The  spring 
power  can  be  shut  off  at  any  time  dur- 
ing transit,  so  as-  to  take  advantage  of 
the  impetus  given  to  the  car,  and  can  be 
immediately  applied  when  needed  ;  full 
brake  power  is  provided,  also  the  revers- 
ing gear,  which  has  been  greatly  im- 
proved since  the  experiments  made  at 
Lillie-bridge. 

The  following  comparison  between  the 
car  tried  at  West  Brompton,  and  the  one 
under  construction  by  Messrs.  Geo.  Salter 
&  Co.,  will  show  the  improvements  made 
during  the  last  few  months  both  in  spring 
power  and  the  style  of  carriage  to  be 
used  either  on  the  ordinary  tramways  or 
asphalt  roads. 

The  body  of  the  car 

tried  at  West  Bromp- 
ton weighed    about 

23  cwt.  • 
The       springs      each 

weighed  120  lbs. 
The  springs  were  each 

65  ft.  long,  and  4| 

inches  broad, 
And  had  a  maximum 

pull  of  950  lbs., 
Giving  (each  spring)  4| 

revolutions. 
These  springs  required 

boxes  of  22  inches 

diameter. 


The  body  of  the  car 
now  constructed 
weighs  4  cwt. 

The  springs  each  weigh 

85  lbs. 
The  springs  are   each 

38  ft.  in  length,  and 

4  inches  broad, 
And  have  a  maximum 

pull  of  1,600  lbs 
Giving     each     spring 

over  7  revolutions. 
These  springs  require 

boxes'  of    14  inches 

in  diameter. 


Thus  it  will   be  seen  the  new  car  is 
about  one-sixth  of  the  weight  of  the  one 


SPEING   PROPULSION   FOE   STEEET   CAES. 


27 


experimented  upon  last  year,  while  it 
has  nearly  double  the  power  and  revolu- 
tions in  the  springs,  with  one-third  less 
weight  in  springs  and  machinery.  The 
barrels  being  arranged  longitudinally 
under  the  car,  give  more  room  for  the 
action  of  the  brake  and  reversing  gear. 

It  is  my  intention  to  test  this  car  both 
on  the  tramway  and  asphalt  roads, 
when  it  will  be  sent  over  to  Antwerp  for 
trial,  on  a  line  in  that  city,  and  if  satis- 
factory, will  be  at  once  adopted  for  the 
tramway  traffic  in  Belgium. 

As  regards  the  important  item  of  cost 
of  machinery  for  driving  a  car  by  my 
spring  motors,  and  the  annual  cost  of 
working  a  car.  on  any  of  the  London 
tramways  by  horse-power,  it  is  estimated 
the  expense  of  the  latter  is  about  £750 
per  annum,  which  includes  keep  of  four- 
teen horses,  wear  and  tear  and  loss  of 
stock  (which  I  hear  is  very  great),  har- 
ness, stablemen,  veterinary  charges, 
rent,  &c. ;  whereas  it  will  be  seen,  from 
the  following  estimate,  my  car  can  be 
worked  at  less  than  one-third  of  this  an- 
nual expense  : 

The  machinery  for  each  car  (which  it  is 
estimated  will 'last  many  years),  about 
£200.       . 

Interest  on  this  outlay  at  ten  per  cent £20 

Proposed  royalty  on  each  car  using  my 

invention  per  annum 100 

Wind-up  steam  apparatus  divided  among 
cars  on  one  of  the  metropolitan  tram- 
ways, say  per  annum 50 

To  make  up  round  numbers,  may  be  add- 
*  ed  for  repairs,  lubricating,  and  wear 
and  tear,  per  annum 30 

Total  expense  of  spring-car  per  annum  £200 
Against  £750  per  annum  for  horse  traction. 

The  price  of  the  spring  motor  (£200)  is 
not  carried  forward  into  the  yearly 
charges,  as  it  will  form  part  of  the  roll- 
ing stock  of  the  company.  The  "  wind- 
ing up"  is  managed  by  a  five-horse 
power-engine  in  about  two  minutes. 
Where  the  line  is  over  three  miles  it 
will  require  three  engines,  which  will  be 
capable  of  winding  up  at  least  200  cars 
daily. 

Before  concluding,  I  think  it  right  to 
refer  to  some  of  the  objections  made  by 
those  interested  in  tramways,  and  my 
replies  to  tfce  same.  The  first  I  will 
notice  is  the  danger  of  breakage  to  steel 
springs  during  the  severe  winter  weather. 
I  at  once  put  myself  in  communication 
with  Mr.   George  Ede,  the  Government 


Inspector  of  Steel  at  the  Woolwich  Ar- 
senal, who  is  well  known  for  his  experi- 
ence on  all  matters  connected  with  steel. 
I  quote  his  reply  : 

LETTER  FROM  MR.  EDE,  GOVERNMENT  IN- 
SPECTOR OF  STEEL  IN  THE  WOOLWICH 
ARSENAL. 

Woolwich,  October  28th,  1874. 

Sir:  In  reply  to  your  letter  asking  my 
opinion  as  to  whether  severe  winter 
would  act  unfavorably  upon  your  springs, 
I  beg  to  say  that  so  far  as  my  own 
theoretical  and  practical  knowledge  of 
steel,  and  observation  enables  me  to 
judge,  no  degree  of  cold  that  we  our- 
selves could  stand  could  in  the  slightest 
degree  act  unfavorably  upon  your 
springs,  but  on  the  contrary,  would  act 
favorably  upon  them  for  your  purpose. 
Winter  (cold)  as  is  well  known  contracts 
the  material,  consequently  the  particles 
are  brought  into  closer  contact  with  each 
other,  and  thereby  increases  the  rigidity 
and  power  of  the  material.  The  differ- 
ence, however,  is  so  slight  that  it  would 
not  be  worth  taking  into  consideration. 
I  remain,  Sir,  obediently  yours, 

Geo.  Ede. 
E.  H.  Leveaux,  Esq. 

To  the  objections  of  turning  sharp 
curves,  stopping  and  starting,  springs 
losing  their  elasticity,  running  off  the 
rails,  &c,  I  handed  a  list  of  them  to  Mr. 
Downs,  who  had  constructed  my  models, 
&c,  and  made  the  drawings  for  the  ma- 
chinery of  the  large  car,  and  desired  his 
report  on  the  same,  and  which  is  as  fol- 
lows : 

REPORT     FROM     MR.    DOWNS     OF    MESSRS. 
NEWTON    &    SONS. 

Patent  Office,  Chancery  Lane. 

Dear  Sir  :  I  regret  that  important 
business  prevented  my  being  present  at 
your  trial  of  model  tramway- car  on 
Saturday.  I  have  carefully  considered 
the  list  of  objections  to  your  proposed 
system  which  you  handed  to  me,  and  I 
can  see  in  them  nothing  for  which  pro- 
vision has  not  been  made  in  the  design 
as  it  now  stands.  With  respect  to  the 
first  objection,  viz. : 

1.  Turning  Curves. — Curves  of  large 
radius  will  not  materially  retard  the 
wheels,  and  where  curves  of  small  radius 
occur,  such  as  for  instance,  the  turning 
corners  of  streets,  one  plan  at  present  in 
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use  with  short  curves  is  to  run  the  wheels 
in  a  groove  on  the  inner  curve  only,  and 
at  the  outer  curve  the  wheels  run  on  their 
flanges  on  a  flat  rail  only  ;  another  plan 
would  be  to  mount  one  of  the  axles  so 
as  to  radiate  from  the  center  of  the  curve, 
and  under  the  control  of  the  driver. 

2.  Stopping  and  Starting. — The  spring 
power  is  divided  into  two  sets,  each  of 
which  is  under  the  control  of  the  driver, 
who  can,  by  means  of  the  starting  levers, 
throw  either  or  both  sets  of  springs  into 
gear  at  will,  thus  doubling  the  power. 

3.  Springs  loosing  their  Elasticity. — 
When  springs  are  properly  tempered 
there  is  no  loss  of  elasticity  if  they  are 
not  strained  beyond  a  certain  point. 
The  diameter  of  the  barrels  and  arbors 
must  therefore  be  so  proportioned  as  to 
prevent  undue  strain  being  put  upon  the 
springs  when  wound  up  tight  round  the 
arbor. 

4.  Cars  Running  off  the  Hails. — In  the 
event  of  a  car  running  off  the  rails,  the 
wheels  still  remaining  on  the  ground,  the 
ground  would  act  as  a  brake.  The  pow- 
er can  instantly  be  shut  off,  and  the  car 
replaced  upon  the  rails,  inclined  planes 
or  wedges  for  that  purpose  being  now  in 
use  on  the  "  North  Metropolitan  Tram- 
ways." I  believe  each  car  is  provided 
with  them. 

5.  Noise  of  Machinery. — With  the 
slow  rate  of  motion  required  the  wheels 
will  run  almost  noiseless,  the  last  pinions 
running  only  at  seventy  or  eighty  revo- 
lutions per  minute,  and  the  rest  of  the 
train  of  wheels  seven  or  eight  revolutions 
per  minute. — Yours  truly, 

W.  Downs. 
To  E.  H.  Leveaux,  Esq. 

I  must,  in  conclusion,  once  more  crave 
your  consideration  for  addressing  you  on 
engineering  matters,  as  I  feel  my  simple 
description  of  machinery  employed  for 
carrying  out  this  invention  will  sound 
strangely  in  the  ears  of  many  assembled 
here  this  evening.  I  have  also  to  ask 
your  kind  consideration  and  indulgence 
in  respect  to  the  delivery  of  this  paper, 
feeling  the  effort  of  speaking  for  so  long 
a  time  increases  my  difficulty  in  bringing 
this  important  subject  before  you  in  as 
favorable  a  manner  as  I  should  have  de- 
sired to  do.  I  must  take  this  public  op- 
portunity of  expressing  my  obligations 
to  those   practical  engineers  who  have 


guided  me  by  their  advice  and  assistance 
in  arranging  and  manufacturing  the 
machinery  necessary  for  the  development 
of  my  invention. 

My  models  have  been  made  by  Mr.  W. 
Downs,  of  Messrs.  Newton  &  Sons, 
patent  agents,  from  both  of  whom  I 
have  received  the  most  valuable  advice, 
from  the  time  I  took  out  my  patent  to 
the  present  day.  My  friends,  Mr.  Thos. 
Hampton,  of  the  Phoenix  Bessemer  Steel 
Works,  Sheffield,  and  Messrs.  George 
Salter  &  Co.,  of  West  Bromwich,  have 
done  their  utmost  to  develop  spring 
making  for  the  use  of  my  invention. 
Mr.  Thomas  Middleton,  of  Loman  Street, 
Borough,  took  an  early  interest  in  my 
work,  and  by  his  kind  and  valuable  co- 
operation many  experiments  were  carried 
out  at  his  works,  and  on  the  West  Bromp- 
ton  line  of  railway.  Indeed  I  feel,  as  an 
outsider  in  mechanical  experience.  I 
have  been  very  fortunate  in  surrounding 
myself  with  such  valuable  aid  and  assist- 
ance. Thanking  you  for  your  kind  at- 
tention to  my  paper,  I  now  beg  leave  to 
conclude,  'and  will  exhibit  sample  springs 
for  your  inspection. 

TABLE  SHOWING  POWER  OP  SPRING  REQUIRED 
TO  PROPEL  CARS  ON  TRAMWAYS  AND  RAIL- 
WATS. 

Total  Weight  of       Draft  on     Effective  Draft 
Car,  Machinery,  circumference      on  Car  at 
and  Passengers.        of  Barrel.  Drawing  Wheel. 


2  Tons  .. 

..  288  lbs.  .. 

.  24  lbs 

U  Tons  . . 

..  360  lbs.  .. 

.  30  lbs 

3  Tons  .. 

..  432  lbs.  .. 

.  36  lbs 

3+  Tons  . . 

. .  504  lbs.  . . 

.  42  lbs 

4  Tons  .. 

. .  576  lbs.  . . 

.  48  lbs 

5  Tons  .. 

. .  720  lbs.   . 

.  60  lbs 

From  the  above  table  it  will  be  seen 
it  requires  a  draft  of  720  lbs.  on  barrel 
to  propel  one  of  the  large  street  tram 
cars  full  of  passengers. 

Springs  have  already  been  manufac- 
tured, giving  a  draft  of  1,100  lbs.,  and 
Messrs.  Jessop,  of  Sheffield,  have  rolled 
a  band  of  steel  which,  when  tempered 
into  a  spring,  will  give  at  least  three 
times  as  much  power  as  above.  It  will 
be  thus  seen  that  the  development  of 
spring  power  is  now  only  in  its  infancy, 
and  when  a  commercial  demand  arises  for 
large  springs,  the  manufacturers  will  lay 
down  fresh  machinery,  whereby  they 
will  be  able  to  roll  steel  bars  of  enormous 
lengths  and  thickness.  Messrs.  Jessop, 
of   Sheffield,    write,   March    24th,   1875, 
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they  had  rolled  a  band  of  steel  184  feet 
long,  and  four  inches  wide — 17  B.  W.  G. 
This  band  of  steel  is  nearly  four  times 
as  long  as  the  springs  now  propelling  the 
machinery  at  West  Brompton. 

When  Sir  John  Brown,  of  Sheffield, 
commenced  making  his  armor-plates 
some  twenty-five  years  back,  six  inches 
was  then  thought  the  maximum  that 
could  be  accomplished  ;  at  present,  the 


Sheffield  houses  engaged  in  this  trade 
are  manufacturing  plates  over  thirty-two- 
inches  in  thickness. 

Messrs.  George  Salter  and  Co.,  West 
Bromwich,  write  under  date  March  9th? 
1875,  "They  will  be  very  large  springs 
(seventy  feet  long,  six  inches  wide),  but 
we  do  not  see  why  the  steel  manufac- 

I  turers  should  not  send  larger  still.     We 

I  can  temper  almost  any  size." 


OX  THE  YIELD  OF  WELLS  SUNK  IN  THE  CHALK  IN  THE 
CENTRAL  PORTION  OF  THE  LONDON  BASIN.* 


By  Mr.  EDWARD  EASTON. 


The  question  of  Water  Supply  to 
London  is  so  important  and  so  interest- 
ing to  engineers,  that  the  writer  does 
not  hesitate  to  place  before  the  Members 
of  the  Institution  some  facts,  which  in 
the  course  of  a  long  experience  he  has 
gathered,  and  conclusions  he  has  arrived 
at,  in  the  hope  that  the  statement  of 
them  may  elicit  additional  information 
and  valuable  opinions  on  the  subject. 
The  geology  of  the  London  Basin  has  al- 
ready been  most  ably  and  fully  described 
by  Professor  Prestwich,  Mr.  Whitaker, 
Professor  Ansted,  and  others  ;  and  it  is 
not  proposed  to  refer  to  it,  except  as  far 
as  the  great  divisions  of  the  stratification 
affect  the  water-producing  power  of  the 
basin  generally. 

The  two  great  water-bearing  divisions 
are  :  first,  the  chalk  denuded  of  superin- 
cumbent strata  (except  gravel),  which 
receives  the  rainfall  direct  ;  secondly, 
the  chalk  covered  by  the  tertiary  de- 
posits, which  receives  the  rainfall,  partly 
from  the  denuded  chalk,  and  partly  after 
its  passage  through  the  pervious  beds 
underlying  the  London  and  plastic  clays. 
It  is  to  the  consideration  of  this  latter 
division  that  the  present  paper  relates, 
and  especially  to  that  portion  of  it  which 
is  situated  in  the  middle  of  London, 
within  a  radius  of  four  or  five  miles  from 
Charing  Cross. 

The  chalk  under  London  is  always 
spoken  of  as  taking  the  form  of  a  basin  ; 
and  this  is  strictly  correct,  as  far  as  re- 


*  From  a  paper  read  before  the  Institution  of  Mechani- 
cal Engineers. 


gards  both  its  configuration  of  surface 
and  lines  of  stratification  along  sectional 
lines  from  north  to  south.  But  it  resem- 
bles a  basin  with  a  lip  or  spout  to  it  in 
the  other  direction  from  west  to  east,  the 
spout  or  outlet  being  the  valley  of  the 
Thames  below  Woolwich,  where  the 
river  after  passing  through  the  tertiary 
strata  resumes  its  course  through  the 
chalk  itself. 

Were  it  not  for  two  disturbing  causes, 
it  would  be  easy  to  trace  the  rainfall 
from  its  point  of  reception  into  the  chalk 
to  its  outlet  into  the  Thames,  and  so  on 
to  the  sea  ;  and  an  approximate  estimate 
might  be  formed  of  the  quantity  so  pass- 
ing. But  in  the  first  place  it  is  very 
difficult  to  determine  the  amount  of  ob- 
stacle offered  by  the  deflection  of  the 
chalk  to  such  a  depth  as  it  assumes  un- 
der the  tertiary  strata,  a  depth  varying 
from  100  to  300  feet  ;  and  in  the  next 
place  there  occurs  a  great  fault  in  the 
strata  on  the  east  of  London,  which  has 
a  very  marked  effect  upon  the  outflow  of 
the  water. 

It  is  not  possible  to  describe  this  fault 
in  shorter  or  clearer  language  than  that 
used  by  Mr.  Whitaker*  : — "  The  most 
important  fault  in  the  London  basin  is 
that  along  the  valley  of  the  Thames  be- 
low London,  with  a  downthrow  on  the 
north  sometimes  to  an  extent  of  about 
100  ft.,  and  perhaps  more,  which  may 
indeed  have  had  some  effect  in  determin- 
ing the  course  of  part  of  that  valley.     It 

*  Memoirs  o£  the  Geological  Survey,  Vol.  IV,  part  1, 
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was  seen  in  section  in  two  railway  cut- 
tings south  of  Deptford,  is  proved  by 
well  sections  at  Greenwich,  is  lost  sight 
of  (?  under  the  river)  at-  Woolwich,  is 
again  shown  farther  eastward,  again 
lost  under  the  river,  and  last  occurs  on 
the  northern  side  of  the  Thames  near 
Purfleet  and  Stifford.  In  thus  attempt- 
ing to  trace  this  fault  for  so  long  a  dis- 
tance I  must  be  understood  to  speak 
with  a  little  doubt,  as  there  are  two 
breaks  in  the  chain,  and  as  on  the  north 
of  the  river  the  beds  are  so  much  hidden 
by  alluvium  and  gravel.  In  Mr.  Mylne's 
geological  maps  of  London  no  such  line 
of  fault  is  shown,  but  that  at  Greenwich 
is  made  quite  distinct  from  that  at 
Abbey  Wood.  I  was  quite  unable  how- 
ever to  trace  any  such  lines  of  fault  as 
as  those  on  Mr.  Mylne's  map,  and  it  seem- 
ed to  me  much  safer  to  connect  the  three 
separate  exposures  of  Greenwich,  Abbey 
Wood,  and  Stifford,  in  a  gentle  curved 
line." 

The  writer  has  quoted  the  whole  of 
the  passage,  because  it  rather  contra- 
dicts the  facts  published  by  Mr.  Mylne 
in  his  careful  map  of  the  London  Strata. 
Mr.  Whitaker  further  says  that  "  there 
may  be  other  faults  in  this  disturbed 
tract "  (south-east  of  London),  but  that 
"  acting  on  the  safe  principle  in  geologi- 
cal mapping,  not  to  draw  a  fault  unless 
it  is  actually  seen,"  none  have  been 
marked  on  the  geological  map  of 
England. 

The  fault  thus  described,  combined 
with  the  fact  of  the  chalk  being  disturb- 
ed, has  caused  a  sudden  alteration  in  the 
level  of  the  water  in  the  chalk  ;  for 
whereas  in  the  wells  in  Bermondsey  on 
the  south  of  the  Thames,  and  White- 
chapel  and  Shadwell  on  the  north,  the 
normal  level  of  the  water  is  from  seventy 
to  ninety  feet  below  Trinity  high-water 
mark,  the  wells  at  Greenwich  and  those 
of  the  Kent  Water  Works  on  the  south, 
and  at  Grays  and  other  places  eastward 
of  the  fault  on  the  north  side,  have  their 
normal  water-line  generally  at  about 
mean-tide  level,  or  about  ten  feet  below 
Trinity. 

The  other  disturbing  element  in  the 
flow  of  the  water,  as  distinguished  from 
the  phenomena  to  be  observed  in  what 
the  writer  will  term  pure  chalk  districts 
(such  as  the  Brighton  Downs  for  exam- 
ple), is  that  described  by  another  eminent 


geologist,  Professor  Prestwich.*  "  With 
reference  more  particularly  to  the  condi- 
tion of  the  chalk  underlying  the  tertiary 
strata,  it  is  evident,  in  the  many  move- 
ments of  elevation  and  depression  which 
the  crust  of  this  part  of  the  earth  must 
have  undergone,  that  those  strata  which 
form  the  immediate  surface  must  have 
been  far  more  shattered  and  fissured 
than  those  which  are  covered  by  a  great 
weight  of  superincumbent  deposits  :  the 
one  portion  would  be  extensively  fissured 
and  creviced,  whilst  the  other  would  re- 
main comparatively  unbroken  and  en- 
tire. Therefore  we  cannot  expect  to 
find  in  the  deep-seated  mass  of  chalk  be- 
neath the  tertiary  strata  the  same  facili- 
ties for  the  transmission  of  water  as 
those  which  evidently  exist  in  it  where 
it  constitutes  the  surface  of  the  country." 

Were  it  not  for  these  disturbing  ele- 
ments, the  flow  of  water  in  the  chalk 
under  London  would  doubtless  follow 
more  closely  the  general  laws  which 
govern  it  in  pure  chalk  districts. 

In  the  case  of  Brighton  for  instance, 
the  rain  which  falls  on  the  surface  is  to 
a  greater  or  less  extent,  according  to  the 
period  of  the  year,  absorbed  into  the 
body  of  the  chalk,  and  finds  its  way 
straight  to  the  sea,  partly  through  verti- 
cal fissures  made  during  the  course  of 
ages  in  the  solid  rock  itself,  and  partly 
along  the  horizontal  lines  of  flints,  which 
frequently  in  that  district  form  unbroken 
beds  of  very  considerable  extent.  The 
whole  of  the  rainfall,  except  that  absorb- 
ed by  vegetation  or  given  off  by  evapo- 
ration, percolates  into  the  chalk,  and  has 
its  chief  outlet  into  the  sea  :  just  as,  in 
the  case  of  the  London  basin,  its  chief 
outlet  would  naturally  be  towards  the 
river  Thames  at  Deptford  and  below. 
When  the  chalk  becomes  full,  the  sur- 
plus water  runs  out  at  springs,  which 
break  out  all  along  the  great  escarpment 
at  the  northern  boundary  of  the  South 
Downs,  at  Poynings,  Plumpton,  and  in 
the  Clayton  tunnel  of  the  London  and 
Brighton  Railway  :  just  as,  all  round 
London,  the  overflow  of  the  chalk  finds 
its  vent  in  the  springs  forming  the  rivers 
Wandle,  Yer,  Colne,  Wendle,  &c.  But 
whereas  the  main  body  of  water  at 
Brighton  runs  into  the  sea  underground, 
and  only  the  surplus  water  finds  its  way 
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into  the  open  country:  in  the  case  of  the 
London  basin  there  is  good  reason  for'; 
supposing  that   the    great  bulk  of    the  j 
rainfall  on  the  chalk  and  strata  feeding 
the  chalk,  situated  to  the  westward  of 
the  fault  above  mentioned,  runs  out  at 
these  streams,  and  that  only  a  compara- 
tively small  portion  finds   its  way  into  ; 
the  chalk  under  London.     This  view  is ! 
strongly  corroborated  by  the  fact  that, —  ■ 
whereas  in  London    proper,   where    the  j 
chalk  is  covered  with  thick  tertiary  de- 
posits, it  is  rare  to  meet  with   any  well 
which  will  yield  more  than  from  300,000 
to   600,000  gallons   daily  (there  is  only  j 
one  well  the  writer  is  acquainted  with 
doing  more  than  this,  namely  that  of  the 
Government   Water  Works   in    Orange 
Street), — the   wells   and   boring  of    the 
Kent  Water  Works  give  quantities  vary- 
ing from  1,000,000  to  5,000,000  gal.  daily. 
The  fissures  in  the  chalk  being  com- 
paratively small,  it  follows  that  the  in- 
clination  of   the   surface    of   the  water 
will  be  such  as  to   give  the   necessary 
head    for   the    delivery    of    the    water 
through    them    in   proportion    to   their 
size.     This   rate    of    inclination    in   the 
Brighton   chalk  is  as  nearly  as  may  be 
forty   feet   per   mile.      The    writer   has 
made  careful  observations  as  to  this,  the 
result  of  which  was  that  the  level  of  the 
water  in  wells  situated  in  a  straight  line 
northward  from  the  center  of  Brighton 
to  the  Clayton  spring  described  a  flatten- 
ed curve,  which  varied  in  its,  shape  ac- 
cording to  the  season,  but  approximated 
to  the  rate  of  inclination  above  given. 
A    record  was   kept    at    the    Brighton 
Water   Works   for  upwards    of   twelve 
years,  which  showed  that  the  depth  of 
water  level  in  the  wells  varied  with  the 
rainfall.     Speaking  generally,  the  depth 
of  water  level  in  the  wells  at  .Brighton 
was  at  its  maximum  in  March  each  year, 
and  the  minimum  was  in  October  to  De- 
cember ;   but  this  was  dependent  upon 
the  season,  it  being  observed   that  the 
■curve  formed  by  the  depths  of  the  water 
followed  that  of  the  rainfall  at  an  inter- 
nal of  about  four  months.     Very  much 
the  same  phenomenon  takes  place  in  the 
London  basin,  where  again  on  the  aver- 
age  the   lowest   time   in   every  year  is 
March,   and   the   highest   November  to 
January. 

The  disturbing  causes  have  produced 
also    another  result  in  the  case  of  the 


London  basin,  namely  the  uncertainty 
of  finding  water  in  any  quantity.  This 
is  particularly  shown  by  the  difference 
in  the  yield  of  the  well  at  Trafalgar 
Square  and  at  Combe  &  Co.'s  Brewery 
in  Long  Acre,  the  former  giving  above 
600,000  gallons  daily,  whereas  the  latter 
at  the  distance  of  little  more  than  a  mile 
does  not  afford  a  supply  of  one-tenth  the 
amount,  although  the  water  level  is  low- 
ered very  considerably  more. 

It  is  very  difficult  to  determine  also 
how  much  of  the  water  obtained  from 
the  wells  sunk  through  the  tertiary  strata 
into  the  chalk  is  derived  from  the  chalk 
itself,  and  how  much  from  the  sands  be- 
tween the  plastic  clay  and  the  chalk. 
At  many  places  the  quantity  from  the 
sands  is  very  much  in  excess,  as  for 
instance  at  Truman  &  Hanbury's 
Brewery,  where  out  of  a  daily  yield 
of  120,000  gallons,  only  10,000  gal- 
lons, or  one-twelfth  of  the  whole, 
comes  from  the  chalk  itself.  The  writ- 
er's opinion  is  that  in  every  well  sunk  in 
the  center  of  the  London  basin,  where 
the  chalk  is  covered  by  the  tertiary  sands, 
there  is  a  very  considerable  admixture 
of  water  from  these  sands  with  the  chalk 
water  proper,  if  indeed  this  adxmixture 
is  not  quite  general  all  over  the  district. 
The  chief  reason  for  coming  to  this  con- 
clusion is  that, — whilst  the  analysis  of 
water  derived  from  denuded  pure  chalk 
invariably  shows  a  hardness,  according 
to  Dr.  Clark's  test,  of  from  fourteen  to 
eighteen  degrees,  arising  to  a  very  great 
extent  from  the  presence  of  carbonate  of 
lime  and  to  a  smaller  extent  from  chloride 
of  sodium, — the  water  obtained  from 
boreholes  or  wells  sunk  through  the  ter- 
tiary strata  is  generally  soft,  and  varies 
from  three  to  eight  degrees.  This  does 
not  arise  from  the  absence  of  mineral 
matters  in  solution,  so  much  as  from  the 
presence  of  alkalis  which  neutralize  the 
hardening  effects  of  the  salts.  Thus, 
whereas  the  average  analysis  of  pure 
chalk  water  would  be  somewhat  as  follows: 

Carbonate  of  Lime 13 .00  gr.  per  gall. 

Sulphate  of  Lime 1.20 

Chloride  of  Sodium...     2.50 
Silica 1.00 


17.70 


or  say  1 8  gr.  per  gall., — the  average 
analysis  of  the  deep-well  water  under 
the  tertiary  strata  would  be 
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Carbonate  of  Lime 3    to    8  gr.  per  gall. 

Carbonate  of  Magnesia.  H  to    2 

Carbonate  of  Soda 6    to  18 

Sulphate  of  Soda 24    to    6 

Sulphate  of  Potash. ...  1    to  13 

Silica -J  to    1  " 

Chloride  of  Sodium...  10    to  20 


or  from  40  gr.  to  70  gr.  per  gall. 

Another  point  to  be  observed  in  con- 
nection with  all  these  wells  is  that  the 
level  of  the  water  in  them  is  steadily 
lowering,  as  the  sinking  of  new  wells  in 
the  district  causes  a  larger  amount  to  be 
drawn  from  the  strata.  This  has  been 
observed  in  nearly  every  well  which  has 
been  steadily  worked  ;  and  several  cases 
are  known  where  wells  have  become 
disused,  owing  to  their  having  run  dry. 

From  all  these  facts  the  writer  draws 
the  conclusion  that  the  passage  of  the 
water  through  the  fissures  of  the  chalk 
under  the  tertiary  strata  is  very  much 
impeded  ;  and  that,  although  there  is  an 
immense  surplus  of  rainfall  percolating 
into  the  chalk  all  round  London,  com- 
paratively little  finds  its  way  into  the 
chalk  beds  beneath  the  Center  of  London  ; 
and  that  what  does  so  pass  is  very  much 
mixed  with  water  which  has  either  come 
direct  from  the  outcrop  of  the  tertiary 
sands  and  through  them  into  the  wells,  or 
has  in  its  passage  from  the  upper  levels  of 
the  underlying  chalk  to  the  lower  parts 
of  the  stratum  gone  through  some  of 
those  sands.  It  is  evident  that  no  great 
quantities  of  water  can  be  expectedxun- 
der  London  itself,  certainly  not  more  in 
the  writer's  opinion  than  will  be  wanted 
for  manufactories  and  large  consumers  ; 
and  that  any  great  addition  to  the  gener- 
al supply  of  the  metropolis  from  the  chalk 
must  be  looked  for  from  the  outlying 
districts  where  that  stratum  is  denuded. 


Ventilation  of  Railway  Tunnels. — 
At  a  meeting  of  the  Institution  of  Civil 
Engineers,  this  subject  was  brought  for- 
ward in  a  paper  by  Mr.  G.  J.  Morrison. 

The  author  claimed  to  have  shown 
that  tunnels  less  than  half  a  mile  long, 
with  large  open  spaces  at  the  ends,  might 
be  left  to  themselves,  even  when  travers- 
ed by  frequent  trains  at  short  intervals  ; 
that  in  tunnels  up  to  about  seven  miles 
long  natural  ventilation  might  be  trusted 
to,  provided  they  were  advantageously 


placed,   and  the   traffic  was  light  ;  and 
lastly,  that  with  a  heavy  traffic  of  both 
passengers  and  goods,  where  the  number 
of   trains  approached   one  per  hour   in 
each  direction,  a  tunnel  of  seven  miles 
without  shafts   was  the   longest   which 
could  be  kept  wholesome  even  by  arti- 
ficial ventilation  if  ordinary  locomotives 
were   used.     The   different   methods   of 
exhaustion,  which  were  considered  best 
for  the  purj3ose  of  ventilation,  were  then 
considered,  and  various  kinds  of  fans  re- 
ferred to.     Means  for  removing  the  im- 
purities generated  by  an  ordinary  loco- 
motive, were  discussed.     One  pound  of 
lime   was    capable   of   absorbing   about 
three-quarter  lb.  of  carbonic. acid,  so  that 
with  about  150  lb.  all  the  carbonic  acid 
given  off  per  train  mile  would  be  absorb- 
ed.    The  hot-water  locomotive  had  been 
suggested  as  fit  for  such  work,  and  boil- 
ers with  a  receptacle  inside  for  a  mass  of 
red-hot   iron  or  heated  fire-bricks  ;  but 
these    and    the    compressed-air    engine 
were   shown  to   be   inadmissible.      The 
pneumatic  system  would  involve  all  the 
trouble  and  expense  of  ventilation,  and 
would   not   give  as  great   facilities  for 
working  as  many  others  ;  and  the  diffi- 
culties attendant  on  the  atmospheric  sys- 
tem  were   detailed.  *  It  was  contended 
that  the  rope  presented  the  most  feasible 
method  of  working  long  tunnels.  Finally, 
the  author  concluded  : 

(1)  That  when  long  tunnels  without 
shafts  had  to  be  ventilated,  a  current  of 
air  should  be  caused  to  pass  through  by 
means  of  a  fan  placed  near  one  end,  that 
end  being  closed  by  doors  ;  (2)  that  for 
a  given  amount  of  traffic  the  power  re- 
quired to  ventilate  long  tunnels  varied  as 
the  fourth  power  of  the  length;  (3)  that 
when  a  long  tunnel  had  to  be  ventilated, 
it  was  more  advantageous  to  have  a 
double  line  tunnel,  with  trains  in  both  di- 
rections, than  two  single-line  tunnels,  each 
having  trains  in  one  direction  only  ;  (4) 
that  for  every  tunnel  there  was  a  limit  to 
the  amount  of  traffic  that  could  be  car- 
ried, by  locomotives,  beyond  which  venti- 
lation became  impossible;  that  when  this 
limit  had  been  reached,  some  tractive 
power  other  than  coal-burning  locomo- 
tives must  be  employed  ;  and  that  this 
limit  could  not  be  definitely  fixed,  but 
that  for  a  tunnel  of  twenty -two  miles  in 
length,  it  did  not  exceed  a  total  of  twenty 
trains  per  day. 
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STABILITY  OF  ARCHES. 

By  LEWIS  S.  WAKE,  C.  E. 
Written  for  Van  Nostrand's  Engineering  Magazine. 


In  a  lecture  given  by  Mr.  Tresca,  Pro- 
fessor at  the  Ecole  Centrale  in  Paris,  he 
gives  Mr.  Durand  Claye's  method  of 
proving  by  a  geometrical  construction 
that  any  given  arch  is  or  is  not  in  a  good 
condition  of  stability. 

To  make  this  as  clear  as  possible  to 
the  reader,  I  thought  it  well  to  give  a 
few  preliminary  problems  ;  which  will 
also  have  the  advantage  of  making  more 
precise  some  of  the  indications  which 
will  follow  : 

EQUATION  AND  PROPERTIES  OF  THE  FIGU- 
RATIVE CURVE  COMPRISING  ALL  PRESS- 
URES NORMAL  TO  THE  KEY  STONE. 

A  any  point  on  CD.  h  is  one  point 
of  the  unknown  curve  obtained  in  taking 
A  A=F  H  ;  we  can  have  as  many  points 
as  we  like  in  the  same  manner.  If  we 
wish  the  pressure  N"  normal  to  the  joint 
C  D  at  A  to  give  a  curve  passing  by  a, 
it  is  necessary  that  the  result  of  P  and  N 
should  pass  at  this  point. 

Remark. — Prolonging  «?=FK.  a  I 
will  represent  the  action  exerted  by  the 
upper  stone  on  Cx  Dx. 

Equation  of  the  curve,  Fig.  (1)  : 

{ox  and  oy  the  axes). 

y=A  h=¥  H=F  P  tang.  c(=P  tang.  c( 

a  b  constant  for   all   curves   passing  at 

a  ;  (cQ  angles  which  varies  with  A,  and 

is  given  by  the  relation 

s        ab      m 
tang.  cQ  = 


Fb 


Then  xy—Ym  (I) 


Pm 


y 


From  this  we  see  the  curve  of  the  points 
h  conjugated  with  a  is  an  Equilateral 
Hyperbola. 

LIMIT  OF  THE  AREA  OF  PRESSURES  ON  THE 
KEY  JOINT  COMPATIBLE  WITH  THE  GEO- 
METRICAL EQUILIBRIUM. 

If  I  had  made  my  calculations  starting 
from  the  extreme  points  C  and  D,  on  the 
joint  CD,  we  wrould  have  had  two  other 
Equilateral  Hyperbolas  in  which  the 
equations  would  only  differ  from  (1)  in 
the  value  of  {on). 
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The  area  which  exists  between  these 
two  curves  is  the  Locus  of  the  extremity 
of  all  lines,  representing  the  pressures 
that  can  be  exerted  on  the  joint  C  D. 

This  area  we  will  call  A. 


Fig.    I 


A£=FH=N=PK 

al=FK 

ab  constant 

FP=P 

N  pressure  normal  to  the  joint  C  D 

P  weight  of  the  stone  C  D  d  D2 

CURVE  CORRESPONDING  TO  THE    SECOND 
JOINT. 

If  we  limit  the  Locus  of  all  the  points 
m  obtained  in  projecting  a  I  on  the  per- 
pendicular to  Cx  Dl5  corresponding  to  the 
pressures  passing  by  a  same  point  A  of 
the  joint  of  the  key  stone,,  we  will  find 
again  a  curve  which  is  a  hyperbola. 

Equation  :     {dx' ;  and  dy\  axes) 
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Fig.  2 


We  find  for  the  force  passing  at  a 


Fig.  3 


0  D  is  Asymptote  of  the  Hyperbolas  GF&G'F 


y'  —  a  m  —  a  I  cos.  /?=F  K  cos.  (i 


Cos.  /?=sin.  (c(>y) 

p 
FK= 


then 


psin.(cC+,/) 

J  cos.  cQ 


Cos.  cQ 

=P  (tang.  c(  cos.  j  +  sin. ;) 

y  varies  with  c(\     The  elimination  of  c£ 
is  necessary. 

tang.  c(j 


a  & 


ab 


Fb~Fd-db 


ab=x>  sin./ 
6  d=x'  cos.y 
F  c?  put=w 


x'  sin.  j* 


^-03   COS.  J 

After  reducing 

w  P  sin.  j 


Cos.  y+sm.  y 


2/  = 


n-x  cos.7 


Equation  of  an  Equilateral  Hyperbola 
easy  to  represent. 

What  has  been  said  of  the  extreme 
points  Cx  and  D1}  when  we  consider  the 
joint  CjDj  can  now  be  repeated  in  speak- 
ing of  C  I)  (joint  of  the  key  stone).  We 
obtain  as  before  two  hyperbolas  between 
which  exists  an  area  (we  will  call  A,). 

OBSERVATION. 

The  areas  (A)  and  (AJ  have  in  reality 
only  one  meaning  ;  any  pressure  limited 
at  any  given  point  of  the  area  (A)  on 
the  joint  C  D  has  its  homologue  at  one 
point  of  the  (area)  (Ax).  The  contrary 
rule  is  also  true.  It  is  for  that  reason. 
Mr.  Durand  Claye,  of  late,  does  not  con- 
sider the  area  (A),  which  is  entirely  ex- 
pressed in  considering -its  conjugate  (AJ 
which  we  will  make  use  of  in  the  future. 
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FIGURATE  CURVE  COMPRISING  ALL  NOR- 
MAL PRESSURES,  COMPATIBLE  WITH 
THE  RESISTANCE  OF  MATERIALS  OF 
THE  ARCH. 

We  must  now  consider  the  curve  in 
which  the  ordinate  passing  from  any 
point  r  of  the  joint  CD  representing  the 
normal  pressure  in  virtue  of  which  the 
greatest  pressure  R  per  square  inch  on 
the  element  having  the  highest  cnarge 
of  the  joint  ought  not  to  surpass  R 
pounds.  This  curve  is  found  in  the  fol- 
lowing examples  : 

1  °  When  the  distance  D  r  is  less  than 
J  of  the  length  I  of  the'  joint  CD — (see 
Fig.  3).  N  r  direction  of  the  normal 
force ;  the  point  having  the  greatest 
pressure  is  D.  We  will  limit  the  force  N 
corresponding  to  a  pressure  p  =  R  per 
square  inch  at  the  point  D.  In  this  case 
we  will  consider  the  force  N  as  if  applied 
at  the  extremity  of  r  of  the  first  J  of  the 
contact  surface  the  width  of  which  3  x= 
3  D  r,  and  applying  the  law  of  repartition 
we  ought  to  have  for  D 


P- 


R=_     N=IRo3 
3  x 


The  force  N"  is  given  for  each  point  by 


It  is  a  straight  line  in  which  for  x—^l 
we  have 

2°  D  r  is  situated  between  \  I  and  J  I. — 
Applying  directly  the  law  of  repartition 
of  so  called  trapeze  for  the  border,  the 
nearest  to  point  of  application  of 
force;  that  is  to  say 


the 


p=u 

io  =  lXl 
a  =  l-x 


B=^(»-,) 

<-¥) 


a  function  of  the  1st  degree. 


I 

Equation  of  a  hyperbola. 

OBSERVATION. 

We  find  exactly  in  the  same  manner 
an  area  (B})  on  the  joint  CjD^  it  is  nec- 
essary to  remark  that  these  areas  have 
each  a  signification  distinct,  and  they  are 
obtained  independently  of  each  other — 
and  concern  only  the  joint  on  which 
they  are  drawn.  They  are  the  Locus  of 
the  normal  pressures  exerted  on  each 
joint  without  the  pressure  passing  in 
any  point  the  limit  R  per  sq.  yard  taking 
into  consideration  the  material  used. 
If,  on  the  joint  C1T>1  we  construct  A,  and 
B1?  we  shall  have  an  area  (CJ  (see  Fig.  4) 


common  to  the  two.  We  can  affirm  that 
there  will  be  no  other  solution  compati- 
ble at  the  same  time  with  the  conditions 


before  mentioned,  which  are  necessary  for 
the  stability,  than  those  limited  by  the 
area  (CJ. 
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,     GENERAL    EXPLICATION    OF    "  DURAND 

claye's  methods." 

The  area  (OJ  being  known,  e very- 
normal  pressure  comprised  in  this  area 
comes  from  a  corresponding  one  on  the 
joint  CD;we  can  call  (C)  the  area  which 
comprises  all  these  new  pressures  ;  we 
must  remark  that  the  curves  c£  /?  and 
d  d,  correspond  to  the  two  horizontals 
of  the  points  C  and  D.  We  must  con- 
sider in  regard  to  the  joint  C  D  two 
areas  limiting  the  pressures;  area  (B)  of 
the  pressures  compatible  with  the  limit 
of  the  resistance  of  materials  on  the 
joint  CD,  and  the  area  (C)  conjugate 
of  the  area  (CJ. 

There  will  be  no  other  pressures  of 
stability  on  the  joint  C  D  than  those  con- 
tained at  the  same  time  in  the  area  (B) 
and  the  area  (C)  ;  we  will  call  (D)  the 
part  which  is  common  to  the  two  ;  we 
can  say  that  this  area  residue  (D)  is, 
when  we  consider  the  entire  stone 
CD  CjDj,  the  Locus  of  all  pressures  com- 
patible with  the  two  conditions  of  sta- 
bility already  spoken  of,  and  that  it  con- 
tains all  solutions  compatible  with  the 
two  conditions  of  stability  of  the  first 
stone,  taken  only  into  consideration. 
If  Ave  consider  the  first  joint  C  D  with 
another  (C2D2),  we  will    have    an   area 


(DJ.  We  can  do  exactly  the  same  for 
all  the  other  lines  of  joint  and  the  area 
common  to  all  the  areas  residues  (D), 
(Dj).  (D2)  contains  the  vertices  of  all 
the  pressures  compatible  with  the  condi- 
tions of  stability.  The  final  area  gives 
the  ensemble  of  all  the  solutions. 

INTERPRETATION  OF  THE  RESULTS  OBTAIN- 
ED IN  APPLYING  THIS  METHOD. 

If  we  call  (E)  this  final  area,  we  will 
have  previous  indications  on  the  stability 
of  an  arch. 

1°  E=0,  there  is  no  solution  compati- 
ble with  the  stability  of  the  arch.  An 
arch  built  under  these  conditions  would 
surely  fall  down. 

2°  If  (E)  is  only  a  point  there  would 
be  only  one  way  of  repartition  possible. 

3°  If  E  is  limited  by  a  triangle  or  a 
quadrangle  whose  sides  are  curves;  each 
point  of  these  areas  correspond  to  a 
position  of  equilibrium. 

4°  If  this  area  is  too  big,  we  can  con- 
clude that  the  stone  has  been  used  in  a 
wasteful  manner ;  we  should  try  and  re- 
duce the  size  in  diminishing  the  thick- 
ness of  the  arch,  or  in  using  materials 
less  resisting. 

I  have  had  many  methods,  but  none  of 
them  were  as  simple  as  the  above. 


STONE  TRAMWAYS  IN  ITALY. 


From  "Journal  of  the  Society  of  Arts." 


Tramways  consisting  of  blocks  of 
stone  laid  longitudinally  are  in  general 
use  in  Northern  Italy,  not  only  in  the 
streets  of  the  principal  cities,  such  as 
Turin,  Milan,  Verona,  &c,  but  even  in 
the  smaller  towns,  as  Chivasso>  Mortara, 
Vigevano,  &c. 

These  tramways  are  not  intended  to 
suit  one  particular  class  of  traffic,  using 
specially  constructed  carriages,  as  is  the 
case  in  London,  Paris,  Vienna,  and  many 
other  towns  on  the  Continent,  but  are 
intended  to  be  used  by  every  kind  of 
vehicle,  and  for  this  reason  must  be  re- 
garded as  a  system  of  street  paving 
rather  than  that  of  street  railway,  as 
would  be  understood  in  England. 

This  being  the  case,  the  cost  of  laying 


down  these  lines,  and  their  maintenance, 
naturally  belong  to  the  municipality,  and 
is  paid  for  out  of  the  town  revenue  ob- 
tained from  octroi  duties  and  other  local 
taxes. 

A  street  railway  was  opened  for  traffic 
a  few  months  ago  at  Turin,  by  a  com- 
pany who  have  a  concession  from  the 
municipality  enabling  them  to  lay  iron 
rails  in  the  street  for  the  exclusive  use  of 
tramway  cars  with  flanged  rails.  There 
are  several  other  street  railways  in  Italy, 
but  these  must  be  considered  as  quite 
distinct  from  the  stone  tramways,  or 
rather  the  system  of  paying  which  is 
adopted  in  almost  every  street  in  Turin 
and  Milan. 

The  stone  trams  being  used  by  every 
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class  of  vehicle  met  with  in  towns,  it  is 
quite  impossible  to  obtain  any  reliable 
data  as  to  the  superiority  over  other  sys- 
tems of  tramways,  or  of  paving,  as  re- 
gards amount  of  tractive  power,  wear  and 
tear  to  wheel  tyres,  &c,  but  it  is  very 
evident  that  on  a  smooth,  even  surface, 
which  presents  no  impediment  to  the 
passage  of  the  wheels,  the  tractive  force 
required  to  haul  a  given  load  a  certain 
distance  in  a  given  space  of  time  would 
be  less  than  that  required  over  an  ordin- 
ary paved  road,  and  the  wear  and  tear 
to  wheel  tyres  considerably  reduced,  as 
the  ends  of  the  granite  blocks  being  ac- 
curately fitted  together,  and  forming  one 
continuous  plane,  present  but  little  re- 
sistance to  traction. 

This  is  impossible  to  obtain  in  ordinary 
paving,  and  in  consequence  the  joints 
between  the  stones  present  irregularities 
and  impediments  to  the  passage  of  vehi- 
cles. 

There  is  no  doubt  that  vehicles  on  a 
stone  tramway  run  more  freely  than  over 
the  stones  in  London,  as  this  is  verified 
from  the  sound  whilst  riding,  which  is 
considerably  less  in  a  Turin,  or  Milan 
cittadino  than  in  a  London  cab,  but 
greater  than  in  a  Paris  fiacre  over  an  as- 
phalte  surface,  which  reduces  the  vibra- 
tion to  a  minimum. 

The  stone  tramways  have  an  advantage 
over  the  ordinary  iron  street  tramways, 
as  they  can  be  used  by  every  description 
of  carriage,  and  can  accomodate  a  far 
greater  amount  of  traffic,  by  giving  free- 
dom to  vehicles  to  leave  the  tram  when 
needed  ;  and  these  are  not  helpless  when 
off  the  track,  as  is  the  case  with  the 
tramway  car. 

The  stone  tramways  in  Italy  consist  of 
blocks  of  granite,  laid  parallel  to  each 
other,  at  a  distance  of  0.70  (28  inches) 
apart.  These  blocks  are  usually  0.60 
(24  inches)  in  breadth,  and  0.20  (8  inches) 
in  depth,  and  are  bedded  in  a  layer  of 
sand.  The  space  between  the  blocks 
and  remainder  of  roadway  is  paved  with 
rounded  river-washed  stones  (ciottoli) 
from  the  Po,  Ticino,  or  other  torrents. 

The  roadway  is  usually  formed  with  a 
slight  inclination  towards  the  centre,  and 
the  space  between  the  trams  serves  as  a 
channel  to  receive  the  surface  water, 
and  is  provided  at  suitable  intervals  with 
stone  gratings  to  allow  the  free  flow  into 
the  sewers* 


The  granite  blocks  are  not  laid  per- 
fectly horizontal,  but  should  be  set  0.01 
(f-  inch)  lower  on  the  inner  side  than  at 
the  outer.  The  intermediate  channel 
should  be  slightly  concave,  forming  an 
arch  of  circle,  with  chord  of  0.07  (2 J 
inches)  and  versed  line  of  0.037  (l| 
inches). 

The  foundation  of  the  roadway  con- 
sists of  a  layer  of  screened  gravel,  not 
less  than  0.15  (5  J  inches)  in  depth,  which 
should  be  well  rammed  and  watered  to 
obtain  a  compact  mass.  A  layer  of 
sand  0.05  (2  inches)  in  depth,  is  spread 
over  the  gravel  to  form  the  bed  for  the 
granite  blocks.  The  surface  of  this  layer 
should  be  carefully  smoothed  down  to 
the  exact  slope  which  it  is  intended 
should  be  given  to  the  roadway. 

The  granite  used  at  Milan  is  brought 
from  the  quarries  of  St.  Fedelino,  near 
Chiavenna,  on  the  Lake  of  Como,  and  is 
specially  adapted  for  the  purpose  from 
its  hardness  and  durability.  The  granite 
of  the  Lake  Maggiore  and  Mont  Orfano 
is  occasionally  used,  but  it  is  not  so  suit- 
able for  the  purpose,  being  somewhat 
softer.  As  it  is  more  readily  worked  it 
is  cheaper,  and  also  the  cost  of  carriage 
to  Milan  is  less.  The  granite  is  brought 
by  water,  and  the  cost  of  transport  from 
the  Lake  Maggiore  is  5  francs  (4s.)  per 
ton,  and  from  the  quarries  on  the  Lake 
of  Como  6  francs  (4s.  lOd.)  per  ton. 

The  specific  gravity  of  the  granite  of 
St.  Fedelino  is  2624,  and  that  of  the 
Lake  Maggiore  2660. 

The  blocks  of  granite,  as  specified  by 
the  municipality  of  Milan,  should  be 
0.595  (nearly  24  inches)  in  breadth  and 
0.20  (S  inches  in  depth,)  and  in  length 
of  not  less  than  1.50  (nearly  5  feet),  ex- 
cepting on  curves  and  at  junctions  and 
crossings,  where  blocks  of  special  form 
are  required. 

The  upper  surface  of  the  blocks  should 
be  dressed  perfectly  even,  and  the  ends 
accurately  squared,  so  as  to  form  a  per- 
fect joint  with  the  next  stone. 

The  stone  gratings  for  the  gullies,  are 
also  of  granite,  and  are  0.80  (32  inches) 
in  length  ;  their  upper  surface  should  be 
concave  to  correspond  with  the  channel 
between  the  trams.  They  are  pierced 
with  two  holes  or  slots,  0.30  (12  inches) 
in  length  and  0.038  (lj  inches)  in  width, 
and  0.242  (9  inches)  apart. 

After   the  granite  trams  are  placed, 
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the  remaining  part  of  the  roadway,  with 
the  exception  of  the  foot-ways,  is  paved 
with  river  stones  (ciottoli)  from  the  Tiei- 
no  or  Adda.  These  stones  should  be 
egg-shaped,  from  nine  (3-J-  inches)  to 
twelve  centimeters  (4J  inches)  in  diame- 
ter at  one  end,  and  from  six  to  nine 
centimeters  (2  J  %to  3 \  inches)  at  the 
other,  and  from  twelve  (4^  inches)  to 
fifteen  centimeters  (5 \  inches)  in  length. 
Care  should  be  taken  in  setting  them  in 
regular  courses. 

After  being  well  rammed  into  place 
with    a    wooden    rammer,    the    surface 


should  be  watered  and  covered  with  a 
blinding  of  sand  about  two  centimeters  in 
depth,  so  as  to  fill  the  joints  by  degrees. 

When  the  blocks  become  worn,  their 
surface  should  be  redressed  by  the  stone- 
mason, and  if  any  settlement  has  taken 
place  they  should  be  rebedded. 

On  steep  gradients  it  is  often  neces- 
sary to  add  a  series  of  diagonal  grooves 
across  the  trams,  to  prevent  the  slipping 
of  horses  and  the  wheels  of  heavy  vehi- 
cles.        •» 

The  cost  is  equivalent  to  £1,788,  about 
$8,900  per  English  mile. 


RIVER  PROTECTION  AT  PLATTSMOUTH,  NEB.* 


By  THOMAS  DOANE,  C.  E. 


The  easterly  terminus  of  the  Burling- 
ton &  Missouri  River  Rail  Road  in 
Nebraska  is  at  Plattsmouth  on  the 
westerly  bank  of  the  Missouri  River. 

The  city  of  Plattsmouth  lies  upon  and 
among  the  bluffs  of  this  river  about  two 
miles  below  the  mouth  of  the  Nebraska, 
or  Great  Platte  River. 

This  river  descends  from  the  west,  with 
a  fall  of  from  three  to  five  feet  per  mile, 
and  discharges  the  Rocky  Mountain 
waters  into  the  Missouri  River,  through 
several  mouths.  These  mouths  are  very 
changeable  as  to  location  and  capacity, 
and  the  river  is  apparently  very  whimsi- 
cal as  to  the  particular  mouth  or  mouths 
which  at  different  times  and  occasions  it 
selects  through  which  to  discharge  it- 
self. Its  waters  are  white  and  at  times 
strikingly  in  contrast  with  those  of  the 
Great  Muddy,  and  the  two  waters  can 
be  traced  for  miles  before  becoming  so 
mixed  as  to  lose  their  identity. 

Freshet  time  of  the  Platte  River  is 
usually  in  April,  while  that  of  the 
Missouri,  whose  sources  are  much  further 
north  in  the  Rocky  Mountains,  is  in 
June.  If  the  Platte  River  in  freshet, 
finds  the  Missouri  at  a  low  stop,  it  pro- 
jects its  waters  entirely  across  the  Mis- 
souri ;  while  in  cases  of  local  freshets,  in 
which  either  river  may  obtain  the  ascend- 
ency, the  current  takes  other  courses, 
and  as  a  consequence  keeps  the  Missouri 

*  A  paper  read  before  the  Boston  Society  of  Civil  En- 
gineers, March  15th,  1876. 


channels,  sand  bars,  and  banks  in  a  very 
unsettled  and  unsatisfactory  condition 
for  miles  below  the  Plattsmouth. 

The  station  grounds  of  the  rail  road 
lie  along  the  river  under  the  bluffs,  be- 
tween the  city  of  Plattsmouth  and  the 
river. 

Within  ten  or  twelve  years  there  was 
a  broad  meadow  bottom  extending 
along  in  front  of  the  city,  having  a 
width  from  the  bluffs  of  nearly  half  a 
mile,  but  an  important  change  in  the 
Missouri  itself,  combined  with  the  action 
of  the  Platte,  has  taken  this  all  away, 
and  the  river  was  only  restrained  by  the 
harder  material  of  which  the  bluffs  are 
made  up. 

The  Missouri  at  this  point  is  now  from 
a  mile  to  a  mile  and  a  half  wide,  while 
the  Platte  for  two  hundred  miles  above 
its  mouth  is  from  half  a  mile  to  a  mile 
wide.  In  consequence  of  this  washing 
away  of  the  table  lands,  and  the  very 
crooked  condition  in  which  the  banks 
were  left,  it  was  found  that  suitable 
grounds  for  the.  rail  road  could  not  be 
had  without  reclaiming  something  from 
the  river,  or  at  least  substantially  pro- 
tecting what  remained. 

The  problem  was,  how  to  do  it.  The 
conditions  were  a  ledge  of  rock  in  the 
bluff  about  two  miles  below  the  station,  a 
river  in  front  having  a  depth  at  low  water 
of  twenty  feet,  a  current  of  four  to  five 
miles  per  hour,  running  straight  against 
the  bank  to  be  protected,  and  carrying 
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I  inch  of  sand  in  a  tumbler  full  of  its 
water,  equal  to  one  of  sand  to  twelve  of 
water  while  in  freshet. 

It  was  determined  to  push  out  boldly 
into  the  river,  in  order  both  to  reach  the 
hard  bottom  of  the  river,  and  so  save 
being  undermined,  and  to  secure  an  even 
width  of  grounds  between  the  river  and 
the  bluffs,  thus  accomodating  several 
parallel  rail-road  tracks.  The  line  de- 
sired was  first  laid  out  and  soundings 
were  taken  along  it,  giving  an  extreme 
depth  of  twenty  feet  without  material 
variation.  A  part  of  the  line  was  a 
regular  curve,  and  a  part  straight. 

A  steamboat  and  a  couple  of  120-ton 
barges  were  bought.  Upon  the  boat  a 
pile-driving  machine  was  set  up,  and 
along  the  located  line  piles  were  driven 
at  a  distance  of  ninety  feet  apart,  this 
being  the  length  of  the  straight  sides  of 
the  barges.  The  quarry  men  were  then 
set  at  work  and  large  loads  of  stone  were 
towed  from  the  quarry  to  the  place 
where  the  piles  were  driven.  The  barges 
were  moored  to  the  piles  and  the  stone 
were  discharged  into  the  water.  This 
was  repeated  till  the  stone  just  appeared 
at  the  surface  of  the  water.  The  piles 
were  all  numbered  and  a  record  of  stone 
discharged  between  two  adjoining  piles 
was  kept,  through  the  whole  length  of 
the  work.  Every  other  space  between 
the  jriles  was  omitted  in  discharging 
stone,  that  is  only  one  half  the  spaces, 
and  consequently  only  one  half  the  whole 
length  was  filled  with  stone.  The  num- 
bering of  the  piles  was  necessary,  not 
only  to  determine  the  amount  of  stone 
put  in  between  any  two  piles,  but  to  en- 
sure the  moving  out  of  stone  in  the  spaces 
not  to  be  filled. 

All  this  work  was  done  in  the.  spring, 
and  before  the  occurrence  of  the  June 
freshet  in  the  Missouri. 

It  was  expected  that  the  heavy  current 
of  the  river  would  be  restrained  by  the 
winrows  of  stone  lying  along  in  line, 
and  that  the  water  running  inside  between 
the  stone  and  the  banks  of  the  river, 
would  be  so  retarded  as  to  deposit  a  con- 
siderable portion  of  their  load  of  sand. 
The  freshet  of  course  overtopped  the 
stone  which  only  reached  up  to  low 
water  level,  and  so  continually  provided 
other  waters  to  dump  their  new  loads 
of  sand.  So  the  work  went  on  perpetual- 
ly  day   and.  night,   seven  days   in   the 


week.  After  a  month  or  two  the  freshet 
subsided,  and  the  whole  space  behind  the 
stone,  and  up  to  a  level  with  the  top  of 
the  stones,  and  also  out  to  a  slope  in  the 
intervals,  even  with  outer  slopes  of  the 
winrows,  and  among  the  stone  too,  was 
found  well  and  honestly  puddled  full 
and  tight  with  sand.  The  common 
freshet-height  of  the  Platte  Kiver  is  but 
about  four  feet,  and  it  rarely  overtops  its 
banks,  the  great  fall  in  the  river  making 
it  impossible.  That  of  the  Missouri 
River  is  about  ten  feet,  while  its  great 
freshets  reach  twenty  feet. 

Having  accomplished  so  much  by  the 
help  of  the  boat  and  the  river  it  now -be- 
came necessary  to  abandon  the  boats  and 
barges  which  could  not  work  in  freshet 
times  and  which  could  not  well  elevate 
stone  above  low  water  level.  A  rail  road 
track  was  now  laid  upon  the  sand,  and  a 
narrow  embankment  was  raised  up  to 
near  high  water  of  common  freshets. 
The  outside  of  this  was  then  covered  three 
or  four  feet  thick  with  stone,  having  the 
outer  face  on  the  same  slope  with  the 
stone  before  discharged  into  the  water, 
and  wherever  the  slopes  in  the  intervals 
between  the  original  winrows  would  take 
stone  they  were  covered  so  as  to  make  a 
uniform  face  upon  the  river  side.  The 
work  was  then  subjected  to  another 
freshet,  and  all  was  then  filled  behind 
the  stone  up  to  its  top  with  river  sand. 

The  economies  of  this  process  are  the 
following  :  While  an  attempt  to  fill  into 
the  river  with  earth  and  then  to  face 
with  stone  would  have  been  entirely  un- 
successful, because  the  earth  would  be 
carried  away  as  fast  as  put  in,  this  pro- 
cess secured  the  whole  of  the  filling  with- 
out cost  except  of  time,  and  of  this  only 
about  fifteen  months. 

If  an  embankment  of  stone  had  first 
been  raised  to  high  water  mark,  the 
depth  at  low  water  being  twenty  feet, 
and  freshet  height  ten  feet  more,  with 
slopes  of  one  and  a  half  to  one,  there 
would  have  been  consumed  fifty  cubic 
yards  of  stone  per  linear  foot.  By  this 
process  the  maximum  quantity  of  stone 
used  was  but  twenty-four  cubic  yards 
per  linear  foot.  And  by  filling  with  stone 
for  only  one-half  of  the  total  length,  the 
average  quantity  of  stone  used  was  but 
twelve  cubic  yards  per  linear  foot. 

The  natural  banks  of  a  river,  having  a 
height  of  thirty  feet  from  the  bottom, 
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may  be  rip-rapped  seven  feet  thick  with 
about  eight  cubic  yards  of  stone  per 
linear  foot,  which  is  a  saving  of  but  one- 
third  of  the  above.  The  advantages  of 
the  process  which  has  been  described, 
over  the  rip-rapping  process,  are  that 
land  can  be  reclaimed  from  the  river  by 
the  first  process,  while  it  cannot  under 
the  second. 

That  the  meanderings  of  the  river 
bank,  giving  increased  length  to  rip  rap, 
can  be  reduced  to  such  shapes  and  lines 
as  may  be  desired  for  convenient  and 
economical  use. 

That  the  work  thus  becomes  perma- 
nent, because  much  less  liable  to  under- 
mine, and  much  more  sightly  because  ir- 
regularity is  reduced  to  regular  curves 
and  to  straight  lines. 

In  doing  the  work  above  described,  it 
became  necessary  of  course  to  join  the 
winrows  of  stone  at  the  upper  end  to  the 
river  bank,  in  order  to  prevent  a  draught 
of  water  down  behind  the  stone,  for  then 
there  would  have  been  no  depositing  of 
sand.  It  is  very  possible  that  longer  in- 
tervals between  the  winrows  of  stone 
might  have  been  left,  especially  in  that 


part  which  was  straight.  To  fill  every 
third  space  would  probably  have  been 
sufficient  in  that  case. 

The  distance  filled  in  this  case  had  a 
length  of  about  half  a  mile,  and  a  width 
of  from  twenty  to  one  hundred  feet. 
The  upper  half  of  the  length  was  on  a 
two-degree  curve  about,  and  the  lower 
part  was  straight.  It  was  intended 
to  make  a  future  extension  by  going 
further  into  the  river,  and  around  a 
heavy  concave  bend  in  the  river,  and  the 
lines  were  laid  with  reference  to  this. 
It  is  not  uncommon  to  call  in  the  aid  of 
such  a  river  to  fill  behind  stone  embank- 
ments previously  made,  but  it  is  not 
known  that  intervals  have  been  left  in 
the  stone  embankments  whereby  as  good 
work  is  secured  at  a  great  saving  of 
cost. 

To  calculate  how  fast  such  work  can 
be  filled  with  sand,  when  the  river  runs 
five  miles  an  hour,  and  a  tumbler  full  of 
surface  water  carries  one-quarter  inch  of 
sand,  would  be  a  difficult  problem  to 
solve,  but  when  such  water  so  laden, 
loses  a  portion  of  its  velocity,  the  filling 
goes  on  with  remarkable  rapidity. 


MIXING  OF  CAST  IRON— AND  ITS  APPLICATION  TO 
FOUNDRY  PURPOSES.* 


By  Mr.  T.  D.  WILSON. 


From  "Iron." 


Foundry  or  gray  iron  is  denoted  as 
Nos.  1,  2,  3,  and  4.  A  pig  of  No. 
1  when  fractured  is  known  by 
its  dark,  blue-gray  color,  and  coarse 
grain  ;  the  crystals  are  large,  and  ex- 
tend over  the  whole  surface  of  the 
fractured  part.  It  usually  breaks  even, 
showing  very  little  tenacity.  In  its  fluid 
state  it  is  of  light  color  ;  as  it  flows  from 
the  cupola  into  the  receptacle  there  is  a 
marked  absence  of  sparks  or  splashes. 
The  surface  is  dead  and  sluggish,  and  as 
it  cools  it  becomes  covered  with  a  thick 
scum  or  kish,  which  is  a  source  of  much 
waste.  This  iron  is  seldom  used  alone  ; 
it  requires  to  be  remelted,  or  mixed  with 
a  large  percentage  of  scrap  for  ordinary 


*  A  paper  read 
Association. 


the  Cleveland  Iron  Trade  Foremen's 


purposes.  When  melted  to  intense  heat 
in  crucibles  it  is  much  used  for  small  art 
castings,  and  for  such  it  is  well  suited, 
owing  to  its  particular  softness  ;  but  in 
all  cases  it  must  be  run  into  the  mould 
very  quickly,  as  the  kish,  being  much 
lighter  than  the  iron,  rises  to  the  surface 
of  the  mould,  and  gives  an  unsightly  ap- 
pearance to  the  casting.  Art  castings 
made  from  this  iron  possess  a  great 
amount  of  flexibility  and  elasticity,  and 
are  filed  or  chipped  with  ease.  No.  2 
is  slightly  harder  than  No.  1 ;  is  light  in 
color,  finer  grained,  the  crystals  smaller 
at  the  margin  of  the  fracture,  and  more 
uneven  on  the  surface.  When  fluid  its 
color  is  a  bright  reddish  white  ;  as  it 
flows  from  the  cupola  there  is  a  little 
splashing.     It  has  a  sluggish  appearance, 
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and  is  also  "  kishey,"  but  not  to  the  ex- 
tent   of   No.    1.     When  being  run  into 
the  mould  it  breaks  over  the  edge  of  the 
ladle  in  large  sheets,  which  leave  behind 
them  long  narrow  fissures  or  lines  from 
side  to  side  of  the  ladle  ;  but  as  the  iron 
cools  these  lines  may  be  observed  to  open 
in  various  directions  until  the  surface  is 
in  a  brisk,  lively  motion,  the  lines  inter- 
secting each  other  until  there  is  a  host 
of  figures,  which  are  difficult  to  explain, 
tout  to  uninitiated   eyes   it   has   a  very 
pleasing  effect.     This  activity  continues 
until  the  surface  becomes  stiff  or  pasty  ; 
but   on   removing   this    pasty    covering 
these  lively  figures  are  again  seen  flitting 
about  with  more  action  than  ever.     This 
metal   is  also  very   much   used  for  art 
castings,  but  for  large  castings  it  is  of 
no  use,  being  too  soft  and   wanting  in 
density.      No    3    iron    when    fractured 
shows  a  slightly  mottled  appearance  at 
the  margin,  but  within  there  is  a  regular 
arrangement   of   smaller   crystals,  more 
compact  and  dense  ;  when  fluid,  and  as 
it  flows  into  the  ladles,  there  is  a  display 
of  sparks   flying   in  various    directions, 
and  if.  melted  there  is  an  entire  absence 
of  kish  or  graphite,  it  possessing  a  clean 
mottled  surface.     As  it  cools  the  lively 
figures    are    again     visible,     but     much 
smaller,  and  pass  off  altogether  as  the 
iron  cools.     This  iron  is  particularly  well 
adapted  for  engine  or  machine  castings, 
if  not  too  massive  ;  it  is  easily  turned  en- 
planed, and   yet  possesses  an  amount  of 
density  which  fits  it  for  such  work.     No. 
3  cast  iron  is   the  general  favorite^  for 
foundry  purposes  ;  not  that  it  is  best  for 
all  applications,  but  that  it  can  be  ap- 
plied   to   most   purposes,    owing  to    its 
being   a  medium  betwixt  the  extremes, 
and  can  be  used  in  a  very  great  variety 
of  castings.     Where  large  quantities  of 
scrap    are    available,    many    advantages 
can  be  gained  by  the  liberal  use  of  No. 
3    in    conjunction    with    soft    pig-iron. 
Scrap  is  superior  to  pig-iron,  as  it  possesses 
the  advantage  of  having  been  remelted. 
He  had  it  on  very  good  authority  that 
cast  iron  was  improved  by  remelting  it 
up   to   twelve   times.     Scrap   is   melted 
with  less  fuel,  as  it  is  void  of  the  coat  of 
sand  which  usually  accompanies  pig-iron, 
and  more  can  be  melted  in  a  given  time, 
the  sand  requiring  a  liberal  use  of  lime- 
stone or  some  other  commodity  as  a  flux, 
and  by  using  an  excessive  quantity  they  1 


unnecessarily  damage  the  lining  of  the 
cupola.     Some  time  ago  he  had  the  op- 
portunity  of  testing   these  advantages, 
assisted  by  Mr.  Oubridge,  and  the  con- 
clusion they  came  to  was,  that  in  using 
pig-iron  delivered  directly  from  the  blast- 
furnace   and    that    obtained    from    old 
stocks,  there  was  an  average  difference 
of  melting  of  10  cwts.  in  the  hour  in  a 
cupola  which  was  melting  at  the  average 
rate  of  70  cwts.  per  hour,  with  a  saving 
of  half  to  three-fourths  of  a  cwt.  of  coke 
to  the  ton  of  metal  in  favor  of  the  stock 
metal ;  and  similar  results  have  been  ob- 
tained  repeatedly   by  the    use  of  large 
quantities  of  scrap  with  the  softer  brands 
of  pig-iron.     No.  4,  or  "foundry  four" 
as  it  is  designated  (the  latter  term  de- 
fining it  from  "  forge  four,"  which  is  a 
widely  different  iron),   when   fractured, 
is   more   or   less   mottled,   has  a   white 
glossy  appearance  ;  the  fracture  is  usual- 
ly uneven,  showing  a  large  amount  of 
tenacity,,  which   is   proved    further   by 
being   more   difficult   to   break.     When 
melted  to  an  intense  heat  it  has  a  clean 
metallic  surface,  and  as  it  flows  into  the 
receptacles  it  scintillates,  the  sparks  fly- 
ing in  all  directions,  breaking  into  small 
particles,  and  continuing  to  fuse  during 
their  flight.     This  phenomenon  is  visible 
only  in  mottled  or  white  iron,  unless  it 
be  an  iron  which  has  been  much  exposed, 
such  as  old  scrap,  oxydized  by  the  action 
of  the  air.     Another  peculiarity    which 
No.  4  possesses  when  melted  is  that  there 
is    a   constant   rising  to    the    surface  of 
small   globules    or    dark    flakes,    which 
gradually    expand   in   diameter,  and  by 
degrees  resume  the  hue  of  the  molten 
surface,  but  are  again  and  again  replaced 
by  others,  this  continuing  while  the  iron 
is  fluid  ;  but  as  it  cools   the  surface  is 
covered  with  thin  scales,  the  oxygen  of 
the  air  combining  with  the  iron,  forming 
oxyd  of  iron.     This  iron  is  well  adapted 
for  bulky  castings,  such  as  heavy  spur 
wheels,  girders,  engine  beams  or  similar 
castings  where  there  is  not  a  great  deal 
of   fitting    or    machine    work  required. 
Large  locomotive  cylinders  are  about  the 
only  exception  of  engine  work,  where  a 
great  amount  of  fitting  is  required,  for 
which  this  iron  is  used  ;  for  such  it  is 
well  adapted,  owing  to  its  strength  and 
the  perfect  smooth  surface  which  can  be 
produced  upon  it,  this  making  it  valua- 
ble alike  for  standing  friction  and  shocks, 
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which  such  cylinders  are  subject  to.  For 
light  castings  it  is  not  so  applicable, 
owing  to  its  hardness  and  its  liability  to 
become  stiff  or  pasty  while  fluid,  on 
being  exposed  to  the  action  of  the  air. 
Speaking  of  the  difference  in  duration  of 
castings  which  have  the  same  amount  of 
work  to  perform,  are  made  from  the 
same  patterns,  and  are  in  every  way 
similar,  he  said  it  was  largely  due  to  an 
utter  disregard  as  to  the  class  of  metal 
used  for  various  kinds  of  castings  ;  and 
gave  his  experience  of  spur  wheels, 
which  proved  to  be  more  durable  when 
made  of  a  moderately  dense  metal.  For 
three  years  he  had  not  been  troubled 
with  any  broken  wheels,  but  had  taken 
several  out,  which  were  so  well  worn  as 
to  become  dangerous  for  further  use. 
For  chilled  castings  there  should  at  all 
times  be  great  care  and  judgment  dis- 
played, as  to  the  nature  of  the  castings, 
the  amount  of  chill  required,  and  the 
class  of  metal  used.  There  are  a  great 
variety  of  chilled  castings  made  which 
differ  widely  as  to  the  class  of  work 
they  have  to  perform,  ploughshares  re- 
quiring chilling  on  one  side  only,  the 
surface  which  comes  in  contact  with  the 
soil,  and  if  chilled  too  deep  they  become 
brittle.  These  being  comparatively  light 
castings,  it  was  essential  to  use  soft  iron  ; 
that  manufactured  from  spathic  ore  is 
peculiarly  adapted  for  chilled  castings 
owing  to  its  containing  a  large  percent- 
age of  manganese.  Chilled  car-wheels, 
such  as  are  extensively  used  in  America 
and  on  the  Continental  railways,  require 
to  be  chilled  on  the  outer  circumference 
of  the  thread  of  the  wheel ;  but  in 
America  charcoal  iron  melted  with  cold- 
blast  is  at  all  times  preferable,  as  it 
chills  much  deeper  than  other  iron.  The 
State  railways  of  Hungary  and  Austria 
use  these  wheels  largely.  They  are  of 
various  designs,  though  each  embody 
the  principal  feature — that  of  curved' 
discs.  The  total  exclusion  of  wheels'  of 
this  design  in  a  district  like  Cleveland 
is  remarkable,  seeing  such  good  results 
obtained  from  their  use  in  other  places, 
though  under  different  circumstances. 
His  opinion  was  that  their  use  would  be 
advantageous  if  applied  to  slag  bogies 
or  metal  bogies,  as  they  have  the  advan- 
tage of  possessing  more  elasticity  than 
any  other  design  of  cast-iron  wheels.  It 
is   the   rapid    solidification    of   the   iron 


while  in  a  molten  state  which  gives  the 
best  results  of  chilled  castings  ;  but  in 
some  castings  there  is  a  danger  of  having 
them  too  much  chilled,  as  in  the  case  of 
ploughshares.  It  is  then  necessary  to 
heat  the  parts  of  the  mould  before  pour- 
ing in  the  metal.  In  massive  articles, 
such  as  plate  rolls  or  similar  castings 
which  require  a  very  deep  chill,  the  op- 
posite course  must  be  followed.  There 
must  be  a  very  carefully  selected  metal, 
which  should  be  mottled,  or  if  of  a  softer 
kind  there  must  be  a  proportionate  quan- 
tity of  white,  which  must  be  regulated 
according  to  the  bulk  of  the  castings. 
The  mould  which  is  to  receive  it  should 
be  not  less  than  ten  inches  in  thickness 
for  an  eighteen-inch  or  twenty-inch  roll. 
When  the  iron  is  properly  mixed  it  will 
be  utterly  useless  unless  the  mould  is 
such  as  will  take  up  a  large  portion  of 
the  heat,  or  solidify  the  surfaces  which 
at  once  come  into  contact  with  it.  This 
is  materially  assisted  by  having  the  mol- 
ten metal  partially  cooled  before  pouring 
into  the  mould.  Osborn,  writing  on  this 
subject,  says  "  that  when  gray  cast  iron 
is  heated  far  above  its  melting  point  and 
poured  into  a  mould  made  of  a  bad  con- 
ductor of  heat,  the  fractured  surface 
presents  no  great  difference  in  appear- 
ance, but  the  internal  part  contains  more 
graphite  carbon  than  the  external,  and 
so  in  chilled  castings."  This  is  visible 
on  the  fracture  of  any  large  castings, 
either  chilled  or  sand.  It  is  caused  by 
the  center  of  such  castings  being  cooled 
much  lower  than  the  external  surface, 
and  if  such  be  made  from  a  highly  car- 
bonaceous iron,  cast  in  a  loam  mould 
and  coated  with  foundry  blacking,  which 
is  highly  refractory,  being  almost  a  pure 
carbon,  the  difference  would  be  more 
striking,  the  internal  parts  would  appear 
much  softer,  contain  a  large  amount  of 
uncombined  carbon,  which  by  the  blow  of 
a  hammer  could  be  separated  from  the 
bulk  of  the  metal  in  small  metallic  flakes, 
which  when  pressed  betwixt  the  finger 
and  thumb  present  to  all  appearances 
particles  of  black  lead,  while  the  exter- 
nal surface  of  the  fracture  would  be 
slightly  denser  than  the  pig  which  form- 
ed the  charge.  Thus,  to  use  a  soft  car- 
bonaceous iron  for  large  castings  is  to 
use  the  weakest.  The  free  carbon  can 
only  be  reduced  by  repeated  re-meltings, 
I  which  increases  the  chemically-mixed  or 
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combined  carbon,  and  at  the  same  time 
increases  the  strength  of  the  metal.  His 
opinion  respecting  the  casting  of  rolls 
was  that  if  they  were  cast  hollow,  by 
having  a  core  of,  say,  two  inches  or  two 
and  a  half  inches  diameter  in  the  center, 
and  impinging  a  blast  of  cold  air  into  the 
center  core,  the  lines  of  crystallization 
would  be  so  changed  by  the  combination 
of  the  free  carbon  with  the  iron,  that 
the  result  would  be  much  stronger  than 
when  solid.  The  specifications  which 
usually  accompany  orders  for  cast  iron 
generally  contain  a  clause  respecting  the 
tests  of  the  metal  to  be  supplied  in  the 
form  of  castings.  Usually  the  test  that 
is  required  approaches  the  maximum 
strength  of  cast-iron,  and  as  the  castings 
required  are  in  some  cases  of  very  light 
section  it  is  essential  that  a  soft  and 
ductile  iron  should  be  used  to  insure  a 
perfectly  smooth  and  sound  casting, 
while  test  bars  cast  from  the  same  iron 
would  fail  to  stand  anything  like  the  test 
of  30  cwt.,  owing  to  its  softness  ;  but 
in  using  a  class  of  iron  which  would  be 
close  and  strong,  and  in  every  way  suit- 
able to  give  good  results  in  testing,  it 
would  be  utterly  useless  for  castings  of 
light  sections,  and  if  it  were  melted  fluid 
enough  to  run  such  a  casting  it  would 
not  be  a  strong  article,  but  very  brittle. 
Malleable  castings  are  continually  in 
growing  demand,  as  the  application  of 
the  process  to  secure  those  irregular- 
shaped  articles  which  would  be  very 
costly  if  forged,  and  practically  useless 
if  made  from  ordinary  cast  iron,  such  as 
small  castings  connected  with  the  struc- 
ture of  sewing-machines,  small-  screw- 
keys,  spur-wheels,  castings  connected 
with  steam-ploughs  and  a  very  great 
variety  of  others  for  machine  and  other 
purposes  where  strength  and  malleability 
are  required.  The  cast  iron  used  for 
this  purpose  is  not  of  the  ordinary 
marketable  iron,  but  is  manufactured 
from  red  hematite  ore  melted  in  cold- 
blast  furnaces  with  charcoal.  The  pro- 
cess is  that  of  cementation  ;  after  the 
castings  are  well  cleaned  they  are  em- 
bedded in  powdered  red  hematite  or  iron 
scales — black  oxyd — which  is  to  be  had 
about  the  forge  anvils,  and  then  subject- 
ed to  a  red  heat  for  a  length  of  time, 
varying  according  to  the  substance  of 
the  article.  The  result  is  a  very  mallea- 
ble iron. 


In  answer  to  a  question  by  the  chair- 
man as  to  what  proportion  there  would 
be  between  the  strength  of  rolls  when 
treated  in  the  manner  he  had  advocated 
and  in  the  ordinary  way,  Mr.  Wilson  ex- 
plained a  drawing  he  had  made,  showing 
the  usual  appearance  of  a  twenty-inch 
roll  when  cooled,  as  compared  with  the 
appearance  of  a  roll  cast  with  a  hole  in 
the  center.  In  the  former  case  the  iron 
presented  density  to  only  one-third  of 
its  thickness,  and  the  iron  was  weaker  in 
its  center.  His  idea  was  that  by  using 
a  hole  they  would  get  greater  density,, 
and  consequently  greater  strength.  He 
had  not  seen  the  plan  carried  out,  but 
he  drew  his  inferences  from  the  fact 
that  gun-barrels  were  cast  hollow.  He 
then  explained  a  diagram  showing  the 
car- wheels  used  in  America,  in  which  the 
strength  was  mainly  due  to  the  shape  of 
the  wheel.  Numbers  of  slag  bogies 
were  in  use,  the  wheels  of  which  were 
liable  to  be  overheated  by  the  explosion 
of  slag  balls,  and  this  shape  of  wheel 
would  allow  for  expansion. 

Mr.  J.  M.  Oubridge  said  his  impression 
was  that  a  two  and  a  half -inch  or  three- 
inch  hole  in  the.  roll  was  not  enough. 
They  could  not  cast  a  hole  of  that  size 
unless  they  used  water,  which  would  be 
objectionable.  He  explained  how  in 
casting  a  hydraulic  cylinder  he  used  a 
six-inch  hole,  the  object  being  to  insure 
crystallization  of  the  iron.  By  throwing 
a  two-inch  pipe  through  the  center  of 
the  roll  they  could  supply  a  blast  of  air 
to  keep  the  metal  cool  ;  but  by  making 
the  hole  one-third  the  diameter  of  the 
roll  they  would  cast  it  of  double  strength, 
It  was  perfectly  impossible  to  use  water 
in  such  small  holes  because  of  the  danger 
of  explosion,  but  it  might  be  done  by 
using  air.  On  the  question  of  test  bars 
he  thought  there  was  nothing  which 
founders  ought  to  set  their  faces  more 
against,  for  in  many  cases  the  test  bar 
was  perfectly  useless.  To  get  a  test  of 
twenty-eight  they  must  use  an  iron  of 
very  close  texture,  and  in  a  large  casting 
they  did  not  get  the  same  amount  of 
strength.  The  only  value  of  a  test  bar 
was  to  know  the  relative  value  of  the 
iron  they  were  mixing,  and  it  must  be 
left  very  much  to  the  judgment  and 
skill  of  the  foremen.  He  thought  that 
engineers  had  lost  their  way  ;  for  if,  in- 
stead of  getting  men  to  watch  the  test- 
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bar  system,  they  would  try  to  learn  the 
relative  value  of  iron,  it  would  be  a  great 
advantage  to  themselves  and  the  trade 
at  large.  Referring  to  the  car  wheels, 
he  said  that  the  Americans  had  found 
that  the  greatest  effect  was  obtained 
from  seven  different  mixings  of  iron, 
and  they  had  a  method  of  tempering 
down  their  wheels  to  stand  the  hard 
winters  which  they  had  to  undergo. 
English  wheels  were  of  no  use  there, 
but  must  be  tempered  sufficiently  to 
stand  the  severe  frost.  He  believed  he 
was  correct  in  saying  that  the  American 
car  wheels  were  reckoned  to  have  a  life 
of  between  40,000  and  50,000  miles. 
Recurring  to  the  test  bars,  he  said  that 
he  found  on  taking  a  bar  two  inches 
square,  another  one  inch  square  and  an- 
other three-quarter  inch,  the  two-inch 
bar  was  only  two-thirds  the  relative 
value  of  the  three-quarter  inch  one  ;  and 
if  they  took  a  two-inch  bar  and  planed 
it  down  to  one  inch  they  removed  the 
strongest  part  of  the  iron. 

Mr.  Wilson,  replying  to  this,  remarked 
that  by  using  a  very  soft  brand  they 
would  get  a  very  good  test  bar,  but  by 
using  denser  iron  they  got  the  best 
relative  value  from  the  bar. 

Mr.  Chatto  defended  the  engineers,  in 
reply  to  Mr.  Oubridge,  and  contended 
that  they  might  have  the  credit  of  know- 
ing that  a  two-inch  bar  was  not  so  strong 
as  a  three-quarter  inch  one.  He  thought 
there  was  a  great  deal  of  roguery  carried 
on  in  the  test-bar  system,  especially 
among  moulders. 

Mr,    Oubridge  said   it   was   his    mis- 


fortune once  to  have  to  make  some  very 
thin  castings,  and  although  the  test  bar 
was  good  the  castings  were  perfectly 
brittle. 

Mr.  Miln  said  he  had  seen  numbers  of 
wheels  cast  in  West  Canada  which  had 
to  be  thrown  away  because  they  were 
not  sufficiently  strong  to  stand  the 
weather. 

Mr.  Wilson,  in  reply  to  a  question  by 
Mr.  Miln,  said  that  if  anything  was  taken 
away  from  a  wheel  it  should  be  from  the 
inside.  This  class  of  goods  should  be 
made  from  a  well-selected  class  of  iron. 
Cleveland  iron  was  good  for  anything  of 
this  kind,  but  it  must  be  cast  under 
pressure.  If  a  cylinder  broke  from 
overwork  it  was  too  weak,  but  if  it  wore 
away  it  was  too  soft.  In  some  of  the 
cylinders  running  on  the  Stockton  and 
Darlington  line  they  would  be  surprised 
to  see  how  they  had  been  tooled  and 
planed. 

Another  gentleman  said  his  experience 
of  locomotive  cylinders  was,  that  the 
time  spent  in  tooling  and  planing  was 
not  lost  time,  provided  the  iron  would 
stand  it. 

Mr.  Wilson  said  that  Mr.  Oubridge 
was  the  first  to  recommend  that  the 
iron  used  in  locomotive  cylinders  should 
be  selected  from  what  was  in  store, 
melted  in  a  cupola,  run  out  and  cast  in 
galleys  two  and  a-half  inches  or  three 
inches  deep,  and  the  result  of  that 
practice  had  been  very  satisfactory.  In 
every  case  for  the  last  three  years  they 
found  they  got  good  cylinders  with  the 
best  results. 


ANGULAR  CROSS-SECTIONING. 

By  F.  Z.  SCHELLENBERG,  C.  E. 
Written  for  Van  Nostrand's  Engineering  Magazine. 


A  most  direct  and  expeditious  method 
to  get  differences  in  level  between  points 
in  sight  is  by  the  use  of  a  vertical  arc 
graduated  to  the  successive  sines  1.  2.  3. 

100,   in   the  quadrant,    for   the 

radius  of  arc  100. 

Multiplying  the  distance  measured  in 
hundreds  on  the  slope  by  the  rate  peri 
hundred  indicated  on  the  arc  gives  the 
difference  in  level  in  units.    In  the  higher 
parts    of    the     arc     the    corresponding 


cosines  may  be  marked  for  deriving  hori- 
zontal distances. 

The  applicability  of  this  graduation 
to  such  purposes,  as  described  under 
this  caption  by  R.  Bell,  C.  E.,  in  May 
number,  is  obvious  as  may  also  be  its 
use  for  more  extended  profiles,  for  geo- 
logical cross-sections,  for  road  grading, 
or  wherever  between  points  obtained  by 
the  leveling  instrument  its  accuracy  is 
not  indispensable. 
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A  clinometer  thus  graduated  enables 
contour  lines  for  topographical  work  to 
be  most  readily  determined.     The  table 


following  gives  the  one  hundred  points 
in  the  quadrant  in  terms  of  the  com- 
mon graduation  of  90°  to  the  quadrant. 


Vertical  Dis-   ] 

horizontal  Dis- 

Vertical Dis-   Horizontal  Dis- 

tance for  100 

tance  for  100 

Angle  with 

tance  for  100 

tance  for  100 

Angle  with 

Measured  on 

Measured  on 

Horizon. 

Measured  on 

Measured  on 

Horizon. 

Slope. 

Slope. 

Slope. 

Slope. 

0 

00°  00' 

51 

30°  40' 

1 

0°34' 

52 

31°  20' 

2 

1°09' 

53 

32°  00' 

3 

1°43' 

54 

32°  41' 

4 

2°  18' 

55 

83.5 

33°  22 

5 

99.9 

2°  52' 

56 

34°  03' 

6 

3°  26' 

57 

34°  45 

7 

4°  01' 

58 

35°  27' 

8 

4°  35' 

59 

36°  09' 

9 

5°  10' 

60 

80.0 

36°  52' 

10 

99.5 

5°  44' 

61 

37°  35' 

11 

6°  19' 

62 

38°  19' 

12 

6°  54' 

63 

39°  03 

13 

7°  28' 

64 

•39°  48 

14 

8°  03' 

65 

76.0 

40°  32 

15 

98.9 

8°  38' 

66 

41°  18' 

16 

, 

9°  12' 

67 

42°  04' 

17 

9°  47' 

68 

42°  51' 

18 

10°  22' 

69 

43°  38' 

19 

10°  57' 

70 

71.4 

44°  26' 

20 

98.0 

11°  32' 

71 

45°  14' 

21 

12°  07' 

72 

46°  03' 

22 

12°  43' 

73 

46Q  53 

23 

13°  18' 

74 

47°  44' 

24 

13°  53' 

75 

66.2 

48°  35' 

25 

96.8 

14°  29' 

76 

49°  28' 

26 

15°  04' 

77 

50°  21' 

27 

15°  40' 

78 

. 

51°  16' 

28 

16°  16' 

79 

52°  11' 

29 

16°  51' 

80 

60.0 

53°  08' 

30 

95.4 

17°  27' 

81 

54°  06' 

31 

183  04' 

82 

55°  05' 

32 

18°  40' 

83 

56°  06' 

33 

19°  16' 

84 

57°  08' 

34 

19°  53' 

85 

52.7 

58°  13' 

35 

93.7 

20°  29' 

86 

59°  19' 

36 

21°  06' 

87 

60°  28' 

37     , 

21°  43' 

88 

61°  39' 

38 

22°  20' 

89 

62°  52' 

39 

22°  57' 

90 

43.6 

64°  09' 

40 

91.6 

23°  35' 

91 

65°  30' 

41 

24°  12' 

92 

66°  56' 

42 

24°  50' 

93 

68°  26' 

43 

25°  28' 

94 

70°  03' 

44 

26°  06' 

95 

31.2 

71°  48' 

45 

89.3 

26°  45' 

96 

73°  44' 

46 

27°  23' 

97 

75°  56' 

47 

■ 

28°  02' 

98 

78°  31' 

48 

28°  41' 

99 

81°  54' 

49 

29°  20' 

100 

0.0 

90°  00' 

50 

86.6 

30°  00' 

The  Belgian  minister  of  public  works 
has  given  out  an  order  for  fifty  locomo- 
tives on  the  express  condition  that  no 
foreign  materials  are  to  be  used  in  the 
construction  of  the  engines.     The  order 


has  been  divided  between  M.  Carels,  of 
Gand,  the  Belgian  Construction  Co.,  the 
Haine  St.  Pierre  Co.,  the  St.  Leonard 
Co.,  and  the  Belgian  Colliery  and  Metal- 
lurgical Co. 
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THE  STRENGTH  OF  RAIL  JOINTS.* 

By  Me.  C.  P.  SANDBERG,  of  Westminster. 


The  introduction  of  the  plain  fish 
plates  now  ordinarily  used  was  a  great 
advantage  at  the  time  to  the  railway 
world,  mainly  for  preventing  accidents 
by  keeping  the  rails  in  position  laterally, 
but  since  speed  has  increased,  and  weight 
of  engines  also,  the  plain  fish  plates  have 
been  found  deficient  in  one  vital  respect, 
viz.,  that  of  giving  the  rail  joint  the 
same  stiffness  and  elasticity  as  the  solid 
rail,  so  as  to  obtain  one  continuous  road. 

As  the  stiffness  of  the  joint  with  plain 
fish  plates  principally  depends  upon  the 
section  of  the  rail,  and  the  fishing  angle, 
often  only  a  third  .of  the  stiffness  of  the 
joint  is  afforded  as  compared  with  that 
of  the  solid  rail,  but  even  in  the  best 
cases,  scarcely  more  than  half  the  rail 
stiffness  is  obtained  (see  experiments 
Nos.  1  to  6).  The  result  is  a  broken 
road,  early  failure  of  the  rail-ends,  and 
broken  tyres  and  springs.  Iron  rails 
particularly  are  exposed  to  destruction 
at  the  ends  before  they  are  half  worn 
out  at  the  middle,  and  have  to  be  taken 
up,  cut  down,  and  relaid.  Even  steel 
rails,  although  experience  has  not  gone 
so  far  yet  on  a » large  scale  to  prove  it, 
will  ultimately  fail  first  at  the  ends  with 
the  ordinary  mode  of  fishing. 

This  was  particularly  the  case  when 
the  joint  was  on  a  sleeper  with  the  base 
plate  to  hammer  on,  which  led  to  the 
use  of  the  suspended  joint  to  obtain  a 
smoother  run.  Nevertheless,  it  is  found 
already  by  experience  that  one  continu- 
ous line  is  not  obtained  by  this  simple 
remedy,  inasmuch  as  the  sleepers  are 
sunk  down  in  the  ballast  wherever  there 
is  a  weak  part  of  the  iron  super-struc- 
ture, and  the  result  is  that  there  are  two 
sleepers  to  lift  up  at  the  joint  instead  of 
one.  As  said  before,  it  was  a  bad  plan 
to  strengthen  the  joint  by  taking  away 
the  sleeper  from  under  it.  Were  the 
sleepers  on  the  road  as  fixed  as  the  sup- 
ports in  a  testing  machine,  it  might  have 
done,  but  as  they  are  not,  there  is  no 
gain  whatever  except  what  2  feet  center 
of  supports  offers  over  3  feet  center,  as 
the  former  leaves  18  inches  clear  space 
only  sufficient  for  stopping. 

*  A  paper  read  before  Iron  and  Steel  Institute  of  Great 
Britain. 


The  introduction  of  steel  rails  necessi- 
tating the  abolition  of  notches  in  the 
rail  flange  as  destructive  to  the  strength 
of  the  rail,  has  led  to  the  design  of  the 
French  or  German  fish  plates  (eclisse  ar- 
ret) adapted  for  suspended  joints,  but  re- 
quiring base  plates  at  the  joint  sleepers 
(see  Engineering r,  March  20,  1874). 
Even  with  this  plan  the  experiments 
show  only  two-thirds  of  the  strength  of 
the  solid  rail  is  obtained,  and  as  only 
one  fish-plate  of  this  description  is 
generally  used,  there  is  still  less  stiffness. 
Several  other  plans  exist,  more  or  less 
complicated,  but  as  none  have  yet  given 
the  same  stiffness  as  the  rail,  combined 
with  cheapness  in  cost  and  maintenance, 
they  have  not  come  into  general  use, 
aud  the  weak  joint  with  ordinary  plain 
fish  plates,  is  still  generally  adopted. 

This  has  given  rise  to  the  foregoing 
experiments  and  design  of  the  deep  fish 
plate  for  flange  rails,  similar  to  what  has 
been  already  adopted  for  double-headed 
rail  sections  on  many  English  railways. 

With  a  rail  section  having  a  wide 
flange,  this  deep  fish  plate  is  of  course 
more  difficult  to  roll  than  for  the  double 
headed  rail  section,  and  also  than  the 
eclisse  arret  ;  but  as  there  is  no  compli- 
cation in  design,  and  only  ordinary 
punching  required,  doing  away  with 
base  plates,  and  notching  the  rail  flanges, 
it  is  to  be  hoped  that  if  proved  satisfac- 
tory and  generally  adopted,  it  might  be 
made  and  obtained  for  the  same  price 
per  weight  as  the  ordinary  fish  plates. 

As  to  the  cost  of  this  improved  joint, 
it  would  be  increased  only  by  the  greater 
weight  of  the  fish  plates,  and  as  the  or- 
dinary fish  plates  may  be  taken  to  weigh 
about  four  per  cent,  of  the  rails,  these 
will  be,  say  8  per  cent,  of  the  new  fish 
plates,  saving  the  base  plates  altogether. 
It  is  true  that  in  the  smaller  sections 
where  bolts  with  square  nuts  are  used, 
it  might  necessitate  exchange  for  hexa- 
gonal nuts  to  make  them  turn,  which  are 
somewhat  dearer  than  the  square  ones, 
but  this  is  partially  compensated  by  the 
saving  in  weight,  as  the  hexagonal  nut 
weighs  less  than  the  square  one  for  the 
same  bolt. 
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Besides,  the  introduction  of  this  fish 
plate  on  already  existing  roads  might  be 
gradually  effected  without  changing  the 
nuts,  where  they  would  not  turn  round, 
by  using  one  fish  plate  of  the  kind  on 
the  bolt-head  side  of  the  joint,  and  a  ma- 
terial improvement  would  be  thereby 
obtained,  inasmuch  as  such  joint  would 
possess  80  per  cent,  of  the  stiffness  of 
the  solid  rails,  as  shown  by  experiments 
Nos.  10  to  18.  As  regards  the  use  of 
two  deep  fish  plates,  the  experiments  are 
conclusive  as  to  the  great  increase  in 
stiffness  being  even  stiffer  than  the  rail 
(see  Nos.  19  to  30,  also  Nos.  40  and  41) 
both  as  regards  strength  and  elasticity, 
for  two  different  rail  sections  of  which, 
however,  the  section  with  15°  fishing- 
angle  is  preferable,  as  the  bolt  is  not 
likely  to  work  loose. 

The  plan  of  punching  proposed,  and 
the  distance  apart  of  joint  sleepers,  is 
shown  on  the  drawing,  being  that  ordi- 
narily used  for  flange  rails,  on  which  it 
is  seen  that  the  deep  stem  of  the  fish 
plates  abuts  against  the  sleepers,  and 
prevents  the  road  from  traveling  with- 
out notching  the  rail  flange,  but  of 
course,  a  greater  distance  between  the 
joint  sleepers  might  be  used  to  compen- 


sate for  the  extra  ten  per  cent,  of  stiff- 
ness beyond  that  of  the  rail  if  necessary 
for  stopping. 

As  for  strength,  experiments  No.  4 
and  No.  30,  both  on  2  feet  supports, 
show  a  load  of  35  tons  with  more  deflec- 
tion on  the  rail  than  on  the  joint,  proving 
a  slight  superiority  of  the  joint,  even  in 
this  respect  best  shown  by  the  fact  that 
the  bolts  were  not  the  least  hurt  after 
such  an  extremely  heavy  test.  The  fish 
plates  might  be  made  of  either  steel  or 
iron,  but  in  the  former  case  they  should 
be  punched  hot,  or  well  annealed  after 
punching  cold. 

The  small  extra  cost  of  this  improved 
fish  joint,  judging  from  the  results  of 
these  experiments,  will  be  recovered  over 
and  over  again  by  less  cost  of  mainten- 
ance of  permanent  way,  longer  duration 
of  the  rails,  particularly  iron,  and  less 
wear  of  rolling  stock,  as  well  as  greater 
comfort  to  travelers  by  obtaining  one 
continuous  line. 

It  would  also  involve  another  vital  im- 
provement, viz.,  Jhe  prevention  of  break- 
age of  the  rails  through  the  bolt  holes 
even  when  punched.  No  doubt  this 
is  caused  by  the  weakness  of  the  present 
fish  joint,  causing  it  to  sink  down  under 
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Description  of  Rail  and  Rail  Joints. 

Experiment. 

No. 

Distance  of 
Supports. 

Feet. 

Load  in 
Tons 
Dead 

Weight. 

Deflection  in 
Millimetres. 

Tempy. 

Permt. 

SOLID   IRON  RAIL. 

67  lbs.  per  yard  Flange.     Section  4| 
in.  liigli  by  4£  in.  broad,  15°  Fishing- 
Angle. 

1 

2 
3 
4 

3 

2 

16 
18 
20 
35 

2 
3 
4 
5 

0 
0 
1 
3 

SAME   RAIL   SECTION. 

Ordinary  Fish  Joint.     Fish  Plates  18 
in.  long,  £  in.  thick. 

5 
6 

2 

9 

11 

2 
3 

0 

1 

SAME   RAIL   SECTION. 

Fish  Joint,   French    Pattern.      Fish 
Plates  18  in.  long,  §  in.  thick,  used 
with  base  plate  suspended  Joint. 

7 
8 
9 

2 
<< 

12 
15 
20 

2 
3 
3 

0 
1 
1 

SAME  RAIL  SECTION. 

Fish  Joint  with  ordinary  Fish  Plate 
on  one  side,  deep   Fish  Plate  on 
other  side.   Both  18  in.  long.    Deep 
Fish  Plate  f  in.  thick  at  the  top,  I 
in.    thick    at    the    bottom.      Deep 
Flange  3  in.  below  Rail  Flange. 

10 

11 
12 

13 
14 
15 
16 

17 
18 

2 

<  c 
a 

10 
11 
12 
13 
14 
16 
18 
20 
22 

1 
2 
2 
2 

2 
3 
3 

4 
5 

0 
0 
0 
0 
0 

1 
1 
1 
1 
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Description  of  Rail  and  Rail  Joints. 

Experiment. 

No. 

Distance  of    Load  in 
Supports.  Tons  Dead 

Feet.         Wei£ht- 

Deflection  in 
Millimetres. 

Tempy. 

Permt. 

SAME   RAIL   SECTION. 

Fish  Joint  with  two  deep  Fish  Plates 
18  in.  long,  same  as  above. 

19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

2 

a 

1 1 

12 
14 
15 
16 
17 
18 
20 
20 
22 
25 
30 
35 

2 
2 
2 
2 

.  2 
2 
3 
3 
3 
4 
4 
4 

0 
0 
0 
0 
0 
0 
0 

* 
1 
1 
1 

2 

SOLID  IRON  RAIL. 

66  lbs.  per  yard.     Flange  Section  4f 
in.  high  by  4  in.  broad  in  Flange, 
Fishing  Angle  30°. 

31 
32 

3 

18 
20 

3 
5 

0 

1 

SAME  RAIL   SECTION. 

Ordinary  Fish  Joint  18  in.  long,  Fish 
g  Plates  xi  in.  thick. 

33 
34 

2 

8 
9 

2 
3 

0 

1 

SAME  RAIL   SECTION. 

Fish    Joints,   French    Pattern,    Fish 
Plates  18  in.  long,  §  in.  thick. 

• 

35 
36 

37 
38 
39 

2 

11 

12 

15 
20 

2 
3 
3 
3 

4 

0 

1 
1 
1 

2 

SAME   RAIL   SECTION. 

Fish  Joint  with  two  deep  Fish  Plates 
18  in.  long,  f  in.  thick  at  the  top,  i 
inch  thick  at  the  bottom. 

40 
41 

2 

18 
20 

2 

3 

0 
0 

SOLID  IRON  RAIL. 

56  lbs.  per  yard,  A\  in.  high  by  4  in. 
broad  in  the  Flange,  Fishing  Angle, 
15°. 

42 
43 

3 

14 
16 

3 

3 

0 

1 

SAME  RAIL   SECTION. 

Ordinary  Fish  Joint.     Fish  Plates  18 
in.  long,  f  in.  thick. 
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SAME  RAIL   SECTION. 

Single  deep  Fish  Joint. 
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SAME  RAIL  SECTION. 

Double  deep  Fish  Joint. 
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the  engine,  resulting  in  a  blow  from  the 
bolts  to  the  upper  part  of  the  holes  in 
the  rail.  Such  would  not  be  the  case 
with  these  stiff  fish  plates,  and  the  drill- 
ing of  the  bolt  holes  whicji  is  now  so 
often  insisted  upon,  particularly  for  steel 
rails,  to  the  great  cost  and  inconvenience 
to  the  maker,  might  then  be  done  away 
with. 

It  is  to  be  hoped  that  practical  experi- 
ence will  bear  out  the  result  of  these 
trials  ;  at  any  rate,  it  will  not  be  long 
before  results  on  the  road,  whether  good 
or  bad,  will  be  obtained,  for  some  of 
these  deep  fish  plates  are  already  made, 


and  will  have  a  fair  trial  on  one  of  the 
best  Government  Railways  in  Europe. 

Meanwhile  any  information  on  the 
subject  would  be  most  thankfully  re- 
ceived, and  it  should  be  distinctly  under- 
stood that  the  author  has  no  pecuniary 
interest  whatever  in  the  introduction  of 
this  deep  fish  plate,  but  only  wishes  for 
the  best  pattern  so  as  not  to  be  blamed 
for  the  short  duration  of  the  rails  through 
supposed  faults  in  the  manufacture  or 
inspection^  when  the  ordinary  fish  joint 
is  the  real  cause,  and  is  also  the  weak 
point  in  the  construction  of  the  perma- 
nent way. 


USE   OF   THE   GRAMME   MAGNETO-ELECTRIC   MACHINES. 
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ON   THE    USE   OF  THE    GRAMME   MAGNETO-ELECTRIC   MA- 
CHINES FOR  LIGHTING  RAILROAD  DEPOTS. 


Translated  from  Comptes  Kendus,  by  THEO.  F.  KOEZLY,  M.  E. 


In  a  recent  communication  to  the 
Academy,  M.  Tresca  has  given  an  ac- 
count of  a  series  of  experiments,  which 
he  had  instituted  for  the  purpose  of  de- 
termining the  work  performed  by  the 
magneto-electric  machines  of  M. Gramme, 
used  to  produce  light  by  electricity.  His 
experiments  had  reference  to  two  ma- 
chines emitting  light  equivalent  in  bril- 
liancy to  1,850  and  300  (carcel)  candles 
respectively. 

Authorized  by  the  "  Compagnie  du 
Nord  "  to  make  a  series  of  similar  ex- 
periments with  the  aid  of  MM.  Sartigue 
and  Rouderon,  standard  machines  of  50, 
100,  and  150  candle  power,  respectively, 
were  selected  for  the  purpose. 

Repeated  experiments  have  been  made 
in  the  freight  depot  having  an  area  of 
1,500  square  meters  (16,146  sq.  ft.),  and 
a  capacity  of  about  19,000  cubic  meters 


(671,023  cub.  ft.),  as  well  as  in  the  large 
market  whose  area  is  11,000  square 
meters  (118,404  sq.  ft.),  and  300,000 
cubic  meters  (10,595,100  cub.  ft.)  in 
volume. 

The  power  necessary  to  set  magneto- 
electric  machines  in  motion  was  ascer- 
tained  by   a   comparison   with 


engines 
two,  three 


driven  by  gas  or  vapor,  of 
and  four  horse  power,  used  either  separ- 
ately or  coupled.  Previous  determina- 
tions, however,  with  a  Prouy  dynanome- 
ter  had  given  the  relative  volume  of  gas 
consumed  to  the  power  derived  (i.  e.  use- 
ful work)  all  the  conditions  remaining 
the  same. 

The  lamps  which  were  used  in  the  ex- 
periment were  regulators  of  the  V.  Ser- 
rin  type,  and  answered  the  purpose  re- 
markably well. 

The  following  results  were  obtained  : 


Magneto- electric  Machine 
of 


50  Candle 
Power. 


150  Candle 
Power. 


Number  of  revolutions  of  the  bobbin  per  minute 

Power  necessary  to   j  with  carbons  0^007  apart. .    

secure  a  steady  light  (     "         "       0^009     "     

^=P^r/!  with  carbons  0m007  apart  i  •*  »e ,pole 


1,650 


carbons  of  the 

lamp  including  / 

waste.  J 


Om  009  apart 


at  negative 
at  positive 
at  negative 


800 
2ch5 
2ch7 

0^135 
OmQOO 


Thus  it  has  been  indicated  by  M.  Tresca 
that  these  results  show  that  the  power 
necessary  to  produce  a  certain  amount 
of  electric  light,  for  instance,  that  equiva- 
lent to  100  candles,  increases  very  rapidly 
in  proportion  to  the  diminution  of  the 
total  quantity  of  light  ;  whence  M. 
Tresca  has  proven  that  the  work  per  100 
candles  was  only  0°h415  for  a  lamp  of 
1,850  candles,  that  it  was  0<rb920  for  100 
candles  with  a  lamp  of  300  candles, 
whilst  the  work  per  hundred  candles 
amounts  to  lc.h7,  2<*4,  and  4<*4  for  ma- 
chines of    150,   100,  and   50   candles  re- 

*  Ch.  or  Force  de  Oheval  =  0.9876  H.  P. 

Vol.  XV.— No.  1—4 


spectively,  with  the  carbon  points  seven 
millimeters  apart. 

The  experiments  have  furthermore 
shown  that  the  requisite  power  to  obtain 
the  formation  of  the  Voltaic  luminous 
arc  is  about  ten  per  cent,  greater  than 
that  which  burns  at  the  uniform  rate. 
This  is  true  at  the  starting  of  the  ma- 
chine when  the  carbon  points  are  in  close 
contact  and  the  resistance  to  the  passage 
of  the  current  only  feeble;  when,  by  and 
by,  the  electricity  developed  is  trans- 
formed into  magnetism  in  the  electro- 
magnet and  revolving  band  of  the 
Gramme   machine,  and   these   then  act 
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successively,  in  forming  a  kind  of  brake 
which  continually  charges  the  motor. 

The  experiments  have  shown  that  the 
power  given  out  by  magneto-electric 
machines  varies  with  the  sizes  of  the 
carbons  of  the  lamp,  a  little  more  power 
being  requisite  for  0^009  than  for  0P007 
carbons.  This  again  is  due  to  the  small- 
er resistance  offered  by  the  0m007  car- 
bons to  the  passage  of  the  electric  cur- 
rent, producing  the  effects  of  a  brake  as 
mentioned  above. 

Mi  resume,  the  power  varies  but  little 
in  machines  of  50,  100,  and  150  candle 
power,  and,  consequently,  the  rates  of 
production  of  all  the  light  from  these 
different  machines  are  sufficiently  close. 
Excluding  exceptionally  rare  cases,  it 
will  be  advantageous  to  employ  machines 
of  100  and  150  candle-power. 

It  has  been  seen  that  the  consumption 
of  the  carbons  of  the  electric  lamp  was 
0^135  and  0^090,  when  the  carbons  were 
used  at  distances  of  0^007  and  0^009 
apart.  From  this  time  forward  the 
"  Compagnie  du  Nord  "  is  warranted  in 
paying  for  carbons  of  coke,  and  even  for 
those  of  M.  Carre,  which  are  perfectly 
regular,  at  the  rate  of  one  franc  per  cur- 
rent meter;  whence  the  figure,  represent- 
ing the  cost  per  hour,  may  be  set  down 
at  0M35  and  0f.r-090. 

The  following  figures  are  interesting, 
in  so  far  as  they  give  the  comparative 
expenses  incurred  in  the  use  of  electrici- 
ty and  gas  as  means  of  illumination. 
Taking,  for  example,  the  lamp  of  150 
candles  and  allowing  it  to  emit  light 
for  ten  consecutive  hours  in  some 
large  spacious  halls  or  railroad  depot, 
150  carcel  candles  will  require  a  con- 
sumption of  150X0I?C105  of  gas  per 
hour,  equal  to  15^75,  which,  at  the  rate 
of  0f.r-36  per  cubic  meter  would  consti- 
tute an  expense  of  5^-70. 

In  using  electricity  for  illumination, 
150  carcel  candles  require  2?h7,  which,  at 
the  rate  of  0f.r-09  per  horse-power  per 
hour  (including  cleaning  and  lubrication) 
the  expense  would  amount  to  0f.r-24;  add- 
ing to  this,  0f.r-09  for  the  carbons  of  the 
lamp,  0f.r-45  for  wages  to  the  employe, 
and  0f.r-20for  the  interest  and  liquidation 
of  the  expense  of  instalment,  the  total 
amount  would  be  0f.r-98,  or,  in  other 
words,  between  the  one-fiftieth  and  one- 
sixtieth  part  of  the  expense  involved 
when  using  gas  for  illumination. 


As  an  electric  light  of  150  carcel  can- 
dles lights  up  advantageously  a  circle 
of  about  forty-five  to  fifty  meters  in  di- 
ameter, it  is  evident  that  illumination  by 
electricity,  being  so  much  superior  in 
intensity,  it  ought  to  be  more  economi- 
cal than  by  using  gas,  since  the  illumina- 
tion of  the  same  area  requires  the  light 
of  more  than  twenty-five  gas  jets  con- 
suming 105  litres  per  honr. 

From  the  experiments  carried  on  in  the 
freight  depot,  it  was  ascertained  that  the 
building  could  be  improved  by  having  a 
single  lamp  in  the  center,  and  at  a  con- 
siderable height,  but  at  the  same  time, 
it  has  been  observed  that  the  shadows 
cast  could  often  be  a  serious  objec- 
tion, thus  necessitating,  in  many  cases, 
the  use  of  at  least  two  lamps,  to  diminish 
the  shadows  of  the  one  by  the  light  of 
the  other. 

Moreover  in  order  to  avoid  the  dazzling 
glare  produced  by  the  light  directly,  the 
voltaic  arc,  after  many  trials,  has  been  en- 
closed in  a  globe  of  crown  glass,  0^10  in 
diameter,  the  lower  half  being  left  un- 
polished ;  in  order  not  to  lose  the  rays 
passing  through  the  upper  half  of  the 
globe,  a  parabolic  reflector  constructed  by 
M.  Luchaire  was  so  adjusted  as  to  bring 
the  center  of  the  voltaic  axis  in  the  focus. 
With  this  arrangement,  or  simply  with 
the  addition  of  a  large  reflector  of  white 
paper  behind  the  lamp,  when  this  is 
placed  against  the  wall,  it  has  proven 
successful,  while  experimenting  at  the 
railway  terminus  of  the  North,  to  pro- 
duce penumbrae,  whose  presence  is  the 
indication  of  the  better  conditions  which 
may  be  expected  from  illuminations  of 
this  kind. 


A  contemporary  informs  us  that  Dr. 
Heeren  recommends  the  following  plan 
for  giving  to  iron  wire  a  silvery  appear- 
ance. The  wire  is  prepared  by  immer- 
sion in  sulphuric  acid,  in  which  a  piece 
of  zinc  is  suspended.  The  wire  is  then 
placed  in  contact  with  a  plate  of  zinc  in 
a  solution  of  two  parts  tartaric  acid  in 
100  water,  to  which  three  parts  chloride 
of  tin  and  three  parts  soda  are  added. 
The  wire  remains  a  couple  of  hours  in 
the  bath,  and  is  surfaced  by  polishing  or 
passing  through  a  draw-plate.  Spiral 
wire,  or  any  fashioned  iron,  can  be  sur- 
faced according  to  this  plan. 


CASSON-DORMOY   PUDDLING    FURNACE. 
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ON  THE  CASSON-DORMOY  PUDDLING  FURNACE. 

By  Mr.  E.  FISHER  SMITH. 

Journal  of  the  Iron  and  Steel  Institute. 


It  is  generally  confessed  that,  up  to 
within  the  last  few  years,  but  compara- 
tively little  attention  was  directed  in 
Great  Britain  to  economizing  fuel. 
With  a  low  price  of  coal  and  dear  labor, 
it  is  no  doubt,  in  many  cases,  perhaps 
more  economical  to  work  with  the  sim- 
plest possible  apparatus.  These  condi- 
tions were  much  altered  by  the  great 
rise  in  the  prices  of  fuel  and  raw  ma- 
terials consequent  on  the  sudden  revival 
of  trade  after  the  last  great  war.  It 
may  well  be  doubted  whether  materials 
will  ever  again  fall  to  their  old  prices, 
especially  as  the  selling  price  of  finished 
iron  is  now  out  of  all  proportion  low  in 
comparison.  .Any  furnace,  therefore, 
inexpensive  to  erect,  and  which  can 
show  a  clear  saving  in  cost  of  working, 
without  any  fall  in  quality  of  produce, 
must  necessarily  commend  itself  to  the 
attention  of  this  Institute  as  representing 
the  iron  trade  of  the  country. 

Such  a  furnace,  it  is  believed,  we  have 
in  that  now  commonly  known  as  the 
Casson-Dormoy  furnace.  It  has  been  at- 
tempted, in  its  construction,  to  perfect 
the  main  features  of  the  old  reverberatory 
paddling  furnace  of  Cort,  and  to  there- 
by intensify  and  concentrate  its  action 
and  diminish  its  working  expenses.  At 
the  Round  Oak  Iron  Works,  this  system 
of  furnace  has  been  tried  between  three 
and  four  years,  and  three  such  furnaces 
have,  during  the  last  five  months,  been 
producing  ninety  tons  of  iron  weekly, 
consuming  about  sixteen  cwt.  of  screened 
slack  per  ton  ;  whereas  thirty  cwt.  per 
ton  is  usually  consumed  by  the  old 
method;  saving  about  two-thirds  in  fet- 
tling, and  from  Is.  to  Is.  6d.  per  ton  in 
bricks  and  castings.  At  the  same  time, 
the  quality  of  the  iron  is  found  to  be 
superior  to  that  made  in  the  ordinary 
furnaces.  This  can  be  seen  from  the 
samples  exhibited,  which  were  rolled  di- 
rect from  the  puddled  bars  from  pigs  of 
the  lowest  mixture  used  at  Round  Oak. 
Three  similar  furnaces  at  the  Tudhoe 
Iron  Works,  Spennymoor,  have  produced 
-even  better  results  ;  the  output  being 
greater,    and  the   average   consumption 


of  coal  per  ton  for  the  year  being  only 
twelve  cwt.  The  Wigan  Forge  and 
Rolling  Mills  Company,  after  making 
their  own  tests  with  the  furnace,  have 
determined  upon  laying  down  the  whole 
of  their  new  forges  upon  this  system  in 
conjunction  with  the  Stoker  puddling 
machine.  The  Kirkstall  Forge  and  Iron 
Company,  and  Messrs.  Baldwins,  are  ap- 
plying this  system  of  furnace  in  combi- 
nation with  the  Pickles  apparatus.  At 
Round  Oak,  a  modification  of  the 
Griffith's  machine  has  been  adopted  for 
the  similar  new  furnaces  now  in  course 
of  construction.  As  regards  fuel,  the 
most  economical  method  in  regular  use 
at  the  Round  Oak  Works  is  to  screen  the 
slack,  to  use  the  screenings  in  the  Casson- 
Dormoy  puddling  furnaces,  and  to  burn 
the  fine  siftings  or  dust  by  means  of 
mechanical  stokers  under  the  firing 
boilers. 

To  begin  with  a  brief  general  descrip- 
tion, it  is  to  be  observed  that  this  furnace 
is  of  the  usual  reverberatory  form.  It 
consists  of  three  chambers.  In  the  first, 
is  the  grate,  the  flames  from  which 
pass  over  the  bridge,  and  are  reverberat- 
ed by  the  dome  upon  the  bed  in  the 
second  chamber.  The  bed  consists  of  a 
cast  basin  or  dish,  resting  on  a  number 
of  iron  friction  balls,  laid  in  a  second 
pan  of  wrought  iron  filled  with  water, 
the  supply  of  which  is  kept  up  from  a 
jet  of  about  the  diameter  of  a  quill. 
This  basin  easily  adjusts  itself  on  the 
balls  for  expansion  or  contraction,  and 
it  may  also,  when  required,  be  turned 
about  to  allow  of  equal  wear  and  tear. 

Through  the  puddling  door  on  each 
side  of  the  bed,  the  two  mechanical  rab- 
bles are  introduced,  and  worked  through 
a  small  orifice  at  the  bottom.  Both 
doors  are  lined  with  Stourbridge  clay, 
and  have  the  usual  hole  for  slag  just  be- 
low them.  The  third,  or  preparatory 
chamber,  forms  a  kind  of  second  bed  or 
hearth,  the  pigs  are  heated  here  almost 
to  melting  point  by  the  waste  fire  gases 
on  their  way  to  the  stack.  In  working 
the  furnace,  on  the  fire  being  got  up,  the 
pigs  are  put  into  the  preparatory  cham- 


52 


VAN  nostrand's  engineering  magazine. 


ber,  and  allowed  to  remain  till  they  are 
on  the  point  of  fusion.  They  are  there- 
upon passed  over  the  flue  bridge  into  the 
basin  by  means  of  a  bar,  and  are  then 
completely  run  down  by  the  reverberated 
fire-gases  from  the  grate.  The  rabbles, 
somewhat  bent  down  at  the  working 
end,  are  introduced  from  the  doors,  and 
the  puddling  commences.  Each  rabble 
is  either  worked  by  hand  through  the 
orifice,  or  attached  to  the  mechanical 
puddler.  This  is  of  the  usual  character, 
consisting  of  a  vertical  reciprocating 
lever  which  can  be  connected  at  will, 
and  driven  by  a  crank  and  suitable  spur 
gearing,  erected  on  a  frame  above  the 
dome  of  the  furnace.  As  soon  as  the 
metal  becomes  pasty  and  adhesive,  the 
rabbles  are  withdrawn,  and  the  iron 
"balled  up,"  and  shingled  in  the  usual 
manner. 

The  grate  is  fitted  with  a  cast  iron 
plate,  of  the  full  width  of  the  furnace, 
and  sloping  upwards  to  the  bridge  at  an 
angle  of  thirty  degrees.  The  back  of 
the  grate  also  slopes  to  an  angle  of  about 
thirty  degrees,  and  is  constructed  of  cast 
iron  fire-bars  set  close  together.  The 
bottom  is  also  formed  of  ordinary  round 
or  square  bars.  Blast  is  admitted  about 
five  inches  below  the  bars  on  each  side, 
the  bottom  being  kept  air-tight,  as  also 
the  sloping  back  ;  this  back  has  a  drop 
door  to  enable  the  under-hand  occasion- 
ally to  prick  the  bars.  The  area  of  the 
grate  is  only  five  feet  ten  inches  X  one 
feet  ten  inches,  being  somewhat  less  than 
that  of  an  ordinary  single  furnace.  The 
main  object  of  the  sloping  plate  is  to 
prevent  any  clinkers  forming  at  the 
back,  as  the  blast  of  air  keeps  it  cool. 
The  grate  is  fed  in  the  usual  way.  The 
puddling  basin  rests  on  a  brick  pillar 
about  one  foot  four  inches  from  the 
ground.  On  this  is  first  set  a  wrought 
iron  circular  open  dish,  with  sides  about 
four  inches  deep  ;  within  this  dish, 
eight  or  more  friction  balls,  five  inches 
in  diameter,  are  placed  at  equal  distances 
from  each  other.  On  these  spheres,  two 
cast-iron  semi-circular  plates  are  laid. 
On  these  plates  again,  four  side  or  seg- 
ment plates  are  set,  bolted  together  ex- 
ternally by  means  of  wrought  iron  pins, 
and  forming  a  complete  circle.  Upon 
these  are  placed  loosely  the  shelf  or  table 
plates,  which,  resting  upon  brackets  fix- 
ed to  the  rail  buck-staves,  support  the 


walls  of  the  furnace.  All  the  plates 
forming  the  basin  are  thus  free  to  ex- 
pand and  contract  with  the  variations 
in  the  temperature.  The  dish  below 
being  kept  full  of  water,  the  evaporation 
produced  from  the  heat  above  efficiently 
cools  the  bottom  and  sides,  and  conse- 
quently the  fettling.  The  furnace  is 
worked  in  the  following  way  : — The  pre- 
paratory chamber,  besides  heating  the 
pigs,  serves  as  a  neck  to  the  whole  fur- 
nace. As  soon  as  the  iron  is  melted,  the 
rabbles,  which  are  so  set  that  they  can- 
not catch  into  each  other  in  crossing, 
are  fixed  to  the  machine,  and  worked  at 
the  slow  motion  for  about  five  minutes. 
This  speed  is  quickened  until  the  iron 
boils,  when  the  slower  speed  is  put  on 
till  the  iron  drops.  The  heating  chamber 
is  then  charged  ;  this  is  done  with  a  few 
pigs  at  a  time,  so  as  to  enable  the  iron 
to  get  equally  heated  all  through,  one 
pig  is  kept  to  the  last,  in  order  to  be 
placed  near  the  bridge,  thereby  keeping 
the  ends  of  the  others  from  absolutely 
melting.  The  rabbles  are  then  removed, 
and  the  real  work  of  the  puddler  begins 
by  his  balling  up  the  iron  in  the  usual 
manner.  The  balls,  which  are  of  the  or- 
dinary size,  are  drawn  from  each  door, 
and  the  cinder  tapped.  A  few  .shovel- 
fuls of  hammer  slag  and  scale  are  thrown 
on  the  bed,  and  the  pigs,  which  have 
meanwhile  been  supplied  into  the  pre- 
paratory chamber,  are  again  passed 
over.  These  generally  melt  on  the  bed 
in  ten  minutes  or  a  quarter  of  an  hour. 
The  charges  of  about  nineteen  cwt. 
usually  take  from  an  hour  and  twenty  to 
an  hour  and  forty  minutes.  Iron  shields 
are  fixed  on  each  side  of  the  doors  be- 
tween the  two  buckstaves,  and  about  one 
foot  from  the  ground  floor.  It  is  found 
that  the  heat  of  the  upper  portion  of  the 
furnace  induces  a  constant  circulation  of 
cold  air  between  the  casings  thus  formed, 
and  the  surfaces  of  the  brick  wall  pro- 
tect the  puddler  when  the  door  is  drawn 
up  to  pick  out  the  blooms. 

In  spite  of  the  important  results  of 
this  system — results  not  attained  without 
the  usual  amount  of  experimenting — it 
is  not  claimed  that  all  the  separate 
features  of  the  furnace  present  any 
strongly-marked  stamp  of  originality  ; 
the  pig  or  heating  chamber  has  probably 
been  used  before,  though  not,  it  is  be- 
lieved, worked  in  the  method  here  adopt- 
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ed  now,  in  connection  with  a  double  fur- 
nace, and  especially  not  with  mechanical 
rabbling.  The  peculiar  circular  bed  or 
basin  is  perhaps  the  most  original,  while 
it  is  also  one  of  the  most  important 
characteristics  of  the  furnace.  By  the 
absence  of  inequalities  and  corners,  its 
shape  does  away  with  the  difficulties 
usually  attending  the  working  of  a  me- 
chanical rabble,  at  the  same  time  effect- 
ing a  considerable  saving  in  the  fettling. 
Precisely  stated,  the  following  are  some 
of  the  most  direct  advantages  of  the  cir- 
cular puddling  basin  : 

1st.  This  circular  form  easily  enables 
the  rabbling  to  be  worked  by  machinery, 
as  there  are  no  jambs  that  the  rabbles 
cannot  reach  in  their  regular  courses  from 
right  to  left  and  back  again. 

2d.  The  dimensions,  as  affected  by  the 
working,  do  not  vary  to  any  appreciable 
extent  from  day  to  day  ;  this  is  an  im- 
portant point  with  all  furnaces,  but  es- 
pecially with  furnaces  in  which  the  pud- 
dling is  done  by  machinery. 

3d.  The  contours  being  circular,  and 
the  sides  and  bottom  of  the  basin  being 
free,  they  scarcely  ever  crack.  The  only 
renewals,  are  of  the  doors,  door  frames, 
and  bridge  plates. 

4th.  As  the  strain  of  the  furnace  is 
almost  entirely  thrown  upon  the  circular 
side  plates,  no  external  or  casing  plates 
are  requisite,  thus  permitting  an  econo- 
mical construction  of  furnace.  The 
buckstaves  consist  merely  of  rails  or 
similar  bars. 

The  advantages  of  a  preparatory 
chamber  are  :  (1)  The  saving  of  time  in 


melting  down,  which,  in  this  case,  means 
a  proportionate  saving  of  fuel.  (2)  The 
pigs  are  freed  from  the  siliceous  matters 
derived  from  the  blast  furnace  pig  bed, 
and  adhering  to  their  surfaces.  Or- 
dinarily, this  sand  is  well  known  to  be 
injurious  to  the  bed  of  the  puddling  fur- 
nace itself,  by  wasting  the  fettling  and 
in  other  ways. 

The  advantages  of  the  peculiar  grate 
are  :  (1)  The  employment  therein  of 
blast,  which  can  be  regulated  so  that  the 
furnace  is  perfectly  under  control,  and 
the  puddler  can  obtain  either  an  oxydiz- 
ing  or  reducing  flame  at  will.  (2)  The 
drop  doors  and  sloping  back  enable  the 
underhand  to  prick  the  bars,  and  thus 
clean  the  grate  without  disturbing  the 
blast  below.  (3)  It  permits  the  use  of 
screened  slack  instead  of  forge  lumps. 
(4)  The  sloping  back  grate,  cooled  be- 
hind with  blast,  prevents  the  formation 
of  clinker. 

It  would  be  difficult  to  exactly  deter- 
mine the  indirect  or  contingent  advan- 
tages contributed  by  each  separate  por- 
tion of  the  furnace,  but  it  may  be  added 
that  the  increased  efficiency  of  the  rever- 
beratory  furnace  has  been  found,  in 
practice,  to  have  the  result  of  saving 
about  one-half  in  fuel,  fettling,  castings, 
and  bricks.  Alterations  in  an  old  forge, 
in  which  to  apply  this  system,  can  be 
made  without  interfering  with  its  current 
work  or  its  existing  plant,  whilst  con- 
siderable space  is  gained  for  ventilation 
or  other  purposes,  inasmuch  as  five  of 
these  furnaces  will  do  the  work  of  fifteen 
old  single  ones. 


THE  NEW  YORK  DOCK  COMMISSION— REPORT  OF  THE 
BOARD  OF  ENGINEERS. 


The  forthcoming  Report  to  the  Com- 
missioners of  Docks,  is  a  document  of 
undoubted  value  to  engineers  every- 
where. 

We  can  present  here  only  such  ab- 
stracts as  fairly  set  forth  the  nature  of 
the  investigation  to  which  the  attention 
of  the  appointed  Board  was  specially 
directed,   together    with    their    general 


conclusions  in  regard  to  the  plan  of  the 
original  work. 

The  present  Report  opens  with  the 
communication  of  the  Commissioners  to 
the  Mayor.  It  includes  the  following 
narrative  : 

The  original  plan  for  the  construction 
of  the  sea-wall,  devised  by  General 
McClellan,  the  then   Engineer-in-Chief, 
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is  known  as  the  beton  block  system, 
which  consists  of  the  formation  of  mas- 
sive concrete  blocks  formed  in  moulds, 
and  manufactured  in  the  open  air,  in 
such  sizes  as  the  nature  of  the  work  de- 
manded. These  blocks,  when  properly 
hardened,  were  lowered  by  the  aid  of 
the  large  floating  derrick  to  a  foun- 
dation of  piles  firmly  driven,  and  then 
sawed  off  so  as  to  form  an  even  bed. 
An  example  of  this  system  of  con- 
struction is  found  at  the  Christopher 
Street  section. 

In  the  month  of  July,  1873,  General 
Charles '  K.  Graham  was  appointed 
Engineer-in-Chief  of  the  Department, 
in  place  of  General  McClellan,  who  had 
resigned. 

It  appears  from  the  records  of  the 
Department,  that  in  the  month  of  Oc- 
tober, 1874,  with  a  view  to  more  economy 
in  the  construction  of  the  sea-wall,  the 
Engineer-in-Chief  recommended  to  the 
Board,  as  a  substitute  for  beton  blocks, 
that  concrete  en  masse  should  be  formed 
upon  a  foundation  of  piles  in  a  wet 
caisson,  the  concrete  being  lowered  to 
its  place  within  the  caisson  (by  appro- 
priate machinery),  in  tilting  buckets, 
and  then  left  to  harden  in  a  solid  mass. 
The  heads  of  the  piles  were  not  cut  off 
after  being  driven. 

In  the  month  of  November  following, 
our  predecessors,  by  formal  resolution, 
adopted  the  recommendation  of  General 
Graham,  and  ordered  the  work  to  pro- 
ceed, which  was  done,  and  about  three 
hundred  and  forty-seven  feet  were  con- 
structed. 

For  particulars  concerning  this  system 
of  bulkhead  wall  construction,  see  report 
of   General   Graham  herewith  enclosed. 

The  new  Board  of  Commissioners  was 
organized  on  the  2d  day  of  May  last, 
and,  on  the  2d  of  June  following,  Gen- 
eral Graham  resigned  the  office  of  En- 
gineer-in-Chief, and,  as  soon  as  prac- 
ticable, his  successor,  George  S.  Greene, 
Jr.,  was  appointed  to  fill  the  vacancy. 

The  attention  of  Commissioners  being 
called  to  possible  defects  in  this  method 
of  construction,  the  subject  was  referred 
for  investigation  to  the  Executive  Com- 
mittee, who  directed  the  Engineer-in- 
Chief  to  make  a  careful  examination  of 
the  work,  and  report  the  result. 

The  difficulties  attending  the  exami- 
nation in  turbid  wafcer,  and  the  results 


thereof,  are  explained  in  the  Engineer- 
in-Chief's  report.  The  examination  has 
proceeded  far  enough  to  excite  in  our 
minds  very  grave  apprehension  as  to  the 
safety  of  that  portion  of  the  wall 
covered  by  the  Report. 

If  our  apprehension  should  be  well 
founded,  we  desire  to  avail  ourselves  of 
such  remedy  as  the  combined  wisdom  of 
the  highest  authorities  may  be  able  to 
suggest.  This  is  not  only  due  to  the 
great  interests  of  the  city,  but  it  seems 
also  just  that  individuals  who  may  be 
considered  responsible  for  the  work, 
should  have  the  advantage  of  the  fullest 
and  fairest  examination  of  it,  by  a  body 
of  men  of  such  capacity  and  character 
that  their  decision  shall  be  accepted  by 
all.  We  have,  therefore,  thought  it 
desirable  to  have  an  examination  of  the 
wall  covered  by  this  Report  made  by 
three  engineers  of  the  first  eminence, 
and  vto  invite  their  suggestions  as  to  the 
remedy  to  be  applied,  if  any  is  thought 
necessary  by  them. 

That  we  may  secure  the  utmost  im- 
partiality in  this  investigation,  we  have 
deemed  it  proper  to  request  your  Honor, 
as  the  Chief  Magistrate  of  the  city,  to 
name  three  suitable  persons  for  this 
purpose. 

The  Report  of  Chief  Engineer  G.  S. 
Greene,  Jr.,  referred  to  above  is  next 
given.  From  it  we  make  extract  of  so 
much  as  gives  the  general  plan  of  the 
original  work  ;  and  we  refer  the  reader 
for  the  details  of  the  examination  of  the 
diver  to  the  report  as  published. 

It  is  addressed  to  the  Chairman  of  the 
Executive  Committee,  and  runs  as  follows : 

Immediately  after  my  appointment  to 
the  position  I  now  hold  in  this  Depart- 
ment, I  received  a  communication  from 
the  Executive  Committee,  calling  my  at- 
tention to  certain  reports  received  by 
said  Committee  in  relation  to  the  Canal 
Street  section  of  the  bulkhead  wall,  and 
requesting  "  that  you  will  make  a  most 
thorough  investigation  and  examination 
as  to  the  character  of  the  work  performed, 
and  the  manner  of  constructing  the  sec- 
tion of  wall  referred  to,  and  report  to 
them  in  writing  the  result,  and  your 
opinion  in  regard  to  the  construction  of 
said  wall." 
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In  accordance  with  the  above  I  have 
made  constant  examination  of  the  Canal 
Street  section,  and  have  also  examined 
the  King  Street  section,  which  was  built 
upon  the  same  plan  and  principle,  and 
have  devoted  as  much  time  as  possible 
to  this  subject,  consistent  with  my  other 
duties.  The  examination  of  these  walls 
has  taken  much  time,  because  the  greater 
part  of  them  lies  under  water,  and  had  to 
be  examined  by  means  of  divers  in 
armor;  and  although  I  have  not  yet  been 
able  to  make  so  complete  an  examination 
as  I  wish  to,  I  have  ascertained  certain 
facts  in  regard  to  them,  which  I  deem  it 
my  duty  to  lay  before  you  at  the  earliest 
possible  moment. 

The  Canal  Street  section  embraces 
ninety  feet  of  wall,  completed  before  my 
appointment,  and  in  front  of  which  New 
Pier  No.  34  was  also  built  before  my  ar- 
rival on  the  field,  and  about  ninety  feet 
more  in  progress  of  construction  at  that 
time.  Upon  examining  the  method  of 
the  work  I  found  it  necessary  to  at  once 
make  several  changes  in  the  details,  and 
although  feeling  a  lack  of  confidence  in 
the  principle  of  construction,  I  decided 
to  allow  this  portion  of  the  wall  under 
construction  to  be  finished,  taking  care 
that  the  method  of  doing  the  work  and 
the  details  should  be  such  as  to  secure  a 
good  result  if  the  principle  admitted  it. 

The  general  plan  of  construction  was 
as  follows  :  The  mud  was  dredged  out 
on  the  site  of  the  wall  to  about  twenty 
feet  below  mean  low  water.  Round 
piles  were  then  driven  for  the  wall  to 
rest  upon,  by  means  of  a  follower,  to 
such  depth  that  their  heads,  or  tops, 
were  about  fourteen  feet  below  mean 
low  water.  A  box  or  wet  caisson  was 
then  constructed  around  the  round  piles, 
to  give  shape  to  the  concrete  and  prevent 
the  cement  from  being  washed  away  be- 
fore it  had  time  to  set.  This  caisson  was 
built  by  driving  square  piles  about  eight 
feet  apart  and  placing  shutters  or  panels 
of  plank  between  them.  It  was  not  in- 
tended to  shut  out  the  water,  but  to  pre- 
vent currents  from  washing  the  concrete, 
and  to  give  the  concrete  shape  and  hold 
it  in  position  until  it  had  become  harden- 
ed or  "  set." 

The  spaces  between  the  round  piles 
were  then  filled  in  with  small  stone,  to 
about  sixteen  feet  below  mean  low  water, 
the  outside  of  the  caisson  being  embank- 


ed  at   the  same  time  and  to  the  same 
height  with  rip-rap  stone. 

The  interior  of  the  caisson  was  then 
filled  with  concrete,  lowered  through  the 
water  in  a  box,  and  deposited  by  opening 
the  box  near  the  bottom,  and  allowing 
the  concrete  to  fall  out  upon  the  small 
stone  lying  between  the  piles,  and  upon 
and  around  the  piles,  to  the  height  of 
about  twelve  feet,  or  two  feet  two  inches 
below  mean  low  water. 

At  this  point  the  toj}  of  the  concrete  was 
leveled  to  receive  the  first  or  bottom 
course  of  the  granite  facing,  which  was 
then  laid,  course  by  course,  to  the  top  of 
the  wall,  the  concrete  backing  being  also 
raised  to  correspond  with  the  courses  of 
granite  as  each  was  laid. 

*  *  *  *  *  ^ 

(Here  follows  detailed  account  of  ex- 
amination of  "the  diver,  which  we  omit 
for  want  of  space.) 

In  regard  to  the  plan  of  driving  piles 
to  such  depth  that  their  heads  should  be 
fourteen  feet  under  low  water  mark,  by 
follower,  and  placing  concrete  upon 
them  without  cutting  of  or  squaring 
their  tops,  I  thought  it  impossible  that 
any  piles  driven  so  hard  as  they  must 
be,  for  such  a  purpose,  could  be  in  a  fit 
condition  to  bear  the  weight  of  the 
wall.  I  therefore  procured  a  pile-cutter 
and  had  the  heads  of  the  piles  just 
driven  at  Clarkson  Street  section  cut  off, 
at  a  depth  of  about  fifteen  feet  below 
low  water. 

The  result  proved  as  I  had  anticipated. 
The  pile  heads,  as  they  came  up,  when 
sawed  off,  were  split  into  several  pieces, 
broomed  up,  and  damaged  so  as  to  be 
unfit  for  bearing  any  weight  whatever, 
A  record  was  kept  of  each  pile  head, 
showing  the  position  of  the  pile  from 
which  it  was  cut,  and  its  condition  as  to 
being  split  or  broomed  up. 

The  proportions  were — one-half  in 
very  bad  condition  indeed,  one-sixth  in 
bad  condition,  and  the  remaining  one- 
third  of  the  whole  in  passable  order. 
The  pile  heads  were  all  saved,  and  can 
be  seen  at  Clarkson  Street,  and  also  at 
I  Canal  Street,  south  of  New  Pier  No.  34, 
I  where  they  have  just  been  cut  off  in 
similiar  manner,  and  with  same  result. 
I  There  is  no  doubt  whatever  that  the  pile 
|  heads  must  be  cut  off  in  all  cases,  before 
;  placing  any  weight  upon  them,  to  a  good 


56 


VAN   NOSTEAND  S   ENGINEERING   MAGAZINE. 


and  solid  part  of  the  pile,  so  that  the 
wall  may  rest  upon  a  firm  and  solid 
bearing. 

The  facts  ascertained  in  my  examina- 
tions thus  far  as  described  above,  and 
consisting  principally  of  the  softness 
and  want  of  cohesion  of  the  concrete  in 
the  King  Street  section,  the  falling  off 
of  whole  panels  to  the  depth,  on  the 
face  of  the  wall,  of  from  nine  inches  to 
fifteen  inches  from  top  to  bottom,  the 
falling  off  of  the  lower  half  of  wall  to 
the  depth,  on  its  face,  of  two  feet  at  the 
Canal  Street  section,  and  the  condition 
of  the  piece  of  concrete  brought  up 
from  the  rear  of  the  Canal  Street  section, 
indicate  clearly  that  the  plan  of  build- 
ing the  wall  of  concrete  placed  under 
water  "  en  masse,"  "in  situ,"  cannot  be 
relied  upon  to  produce  a  permanent, 
stable  and  durable  wall;  and  I  am  under 
the  necessity  of  recommending  at  least 
the  suspension,  if  not  the  entire  aban- 
donment of  such  a  plan. 

No  wall  has  been  built  upon  this  plan 
since  my  accession  to  office,  except  that 
part  of  the  Canal  Street  section  begun 
before  I  was  appointed,  and  since  then 
completed.  The  work  of  building  the 
bulkhead  wall  is  now  suspended  by  my 
orders,  and  I  shall  desire  to  have  the 
approval  by  tlie  Board  of  my  action. 

In.  consideration  of  the  fact  that  this 
plan  of  building  the  wall  is  highly  com- 
mended in  the  Report  of  the  late 
Engineer-in-Chief  of  this  Department, 
dated  1st  June,  1875,  and  that  such 
Report  has  been  made  public,  and  ex- 
tracts from  it  printed  in  the  newspapers 
and  in  Van  Nostrand's  Engineering 
Magazine,  I  beg  leave  to  suggest  to  the 
Board  of  Commissioners,  through  your 
Committee,  the  propriety,  for  the  justifica- 
tion of  the  Commissioners  and  of  myself, 
of  calling  to  our  assistance  the  united 
wisdom  and  experience  of  disinterested 
engineers,  to  examine  the  condition  of 
that  portion  of  the  wall  referred  to  in 
this  Report,  and  advise  what  remedy,  if 
any,  should  be  applied  to  it. 

The  engineers  appointed  were  John 
Newton,  General  Q.  A.  Gillmore,  and 
Wm.  E.  Worthen. 

They  present  a  preliminary  Report, 
which  is  herewith  given  entire: 


To  the  Commissioners  of  Docks,  New 
York  City: 
Gentlemen: — We  have  the  honor  to 
submit  this  preliminary  report  with  re- 
spect to  the  condition  of  the  Bulk-head 
Walls  at  the  foot  of  Canal  and  King 
Streets,  North  River,  upon  which  our 
opinion  was  solicited. 

The  scope  of  inquiry  submitted  to  us 
is  briefly  set  forth  in  a  communication 
addressed  to  us  by  His  Honor  the  Mayor, 
dated  Oct.  12,  1875,  and  is  comprised  in 
the  following  extracts,  viz  : 

"  You  are  requested  to  make  an  exam- 
ination of  the  bulk-head  walls,  now  par- 
tially constructed  at  Canal  and  King 
Streets,  North  River,  and  report  to  the 
Department  of  Docks,  at  the  earliest  day 
practicable,  the  facts  as  to  the  condition 
of  such  structure,  together  with  your 
opinion  as  to  their  safety  and  durability. 

"  You  are  requested  also  to  communi- 
cate your  advice  as  to  completing  such 
structures,  either  with  or  without  modi- 
fication of  the  plair.of  construction  ;  and 
to  give  your  advice  as  to  what,  if  any- 
thing, should  be  done  with  those  struc- 
tures." 

We  were  further  requested  by  your 
Department  in  a  communication  dated 
the  8th  inst.,  to  express  definitely  our 
opinion  "  in  regard  to  the  system  employ- 
ed in  said  constructions." 

On  the  receipt  of  the  Mayor's  commu- 
nication, we  immediately  entered  on  our 
duties,  and  commenced  an  examination 
of  the  King  Street  and  Canal  Street 
bulkheads,  the  Department  of  Docks 
having  previously  sunk  a  shaft  in  the 
center  of  the  King  Street  bulk-head,  and 
constructed  and  placed  a  three-sided 
caisson  against  its  face.  We  have  now, 
with  the  aid  of  divers  made  thorough  ex- 
aminations of  all  the  exposed  faces  of 
both  bulk-heads,  the  examinations  of  im- 
portant points  being  by  two  divers  at 
different  times,  thereby  checking  their 
reports.  The  water  has  been  pumped 
out  of  the  caisson  and  the  shaft  at  King 
Street,  and  we  have  made  a  personal  ex- 
amination of  the  exterior  face  and  center 
of  the  wall.  We  have  also  had  a  shaft 
sunk  in  the  center  of  the  Canal  Street 
wall,  and  have  had  a  caisson  constructed 
there,  in  which  we  are  making  trial  of 
concrete  construction  under  as  nearly  as 
possible  the  same  conditions  as  those  un- 
der which  the  bulk-head  was  made  ;  in 
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fact  a  model  on  a  large  scale  of  the  wall 
itself.  When  the  concrete  shall  have  be- 
come sufficiently  set,  the  caisson  will  be 
raised,  and  the  condition  of  the  concrete 
can  be  readily  examined.  We  are  also 
having  experiments  made  of  the  com- 
parative set  and  strength  of  concrete  of 
Portland  and  Rosendale  cements,  in  the 
position  and  under  the  circumstances  ob- 
taining in  the  construction  of  the  bulk- 
head. All  these  experiments  require 
time  for  the  setting  of  the  cement,  and 
are  at  present  incomplete.  We  cannot 
therefore  at  present  give  a  full  answer 
to  all  the  queries  proposed,  but  in  an- 
swer to  your  first  interrogatory,  "the 
facts  as  to  the  conditions  of  such  struc- 
tures, together  with  your  opinion  as  to 
their  safety  and  durability"  we  would 
respectively  report  that,  from  all  our 
examinations,  we  find  that  the  mode  of 
construction  adopted,  in  connection  with 
the  details,  appliances  and  materials 
used,  is  uncertain  in  its  results. 

We  have  found  that  the  component 
parts  of  the  concrete  have  settled  in 
layers,  or  strata  with  varying  proportions 
of  cement ;  that  the  broken  stone  and 
sand  are  in  excess  at  the  bottom  of 
layer,  and  the  cement  at  the  top  ;  that 
the  cement  has  washed  out  and  deposited 
itself  as  laitance,  in  combination  with 
the  soil  in  the  water  in  layers  by  them- 
selves, presenting  the  appearance  of 
seams  between  the  different  layers  of 
•concrete,  or  of  pockets  in  spaces  in  the 
concrete.  Many  portions  of  the  wall  we 
find  strong,  with  a  good  set,  but  the 
faces  almost  invariably  weak  and  the  set 
imperfect  ;  but  we  do  not  find  any  but 
the  slightest  settlement  or  delignment  of 
the  wall,  nor  is  it  probable  that  either  of 
these  will  increase  to  any  injurious  or 
unsightly  extent,  whilst  the  bulkheads 
remain  under  their  present  conditions, 
without  back-filling.  But,  before  the 
earth  filling  is  put  in  behind  the  walls 
we  should  propose  some  further  protec- 
tion against  the  thrust  outwards  of  the 
embankment. 

Whatever  of  weakness  there  may  be 
in  the  present  structures  we  think  it  may 
be  remedied  without  any  removal  of 
structure  or  any  large  expenditure.  We 
would  propose  at  any  rate  to  leave  it  as 
it  is  for  the  present. 

We  do  not  wish  to  be  understood  as 
condemning,  as  a  system,  the  method  of 


constructing  submarine  masonry  by  pass- 
ing mixed  concrete  through  and  deposi- 
ting it  in  the  water.  On  the  contrary, 
it  is  well  known  that  excellent  work  can 
be  executed  in  that  manner  under  suita- 
ble precautions  in  respect  to  the  quality 
of  the  cement  used,  the  proportions  of 
the  cement  to  the  coarse  ingredients,  the 
kind  of  apparatus  employed  in  laying  it, 
and  the  care  with  which  it  is  operated. 

Our  criticisms  will  be  more  fully  set 
forth  in  our  final  report,  and  will  refer 
to  the  details  of  the  method  of  construc- 
tion adopted  for  the  Canal  and  King 
Street  sections. 

Our  final  report,  which  will  give  in 
full  all  the  facts  obtained  in  our  exami- 
nations, with  the  results  of  our  experi- 
ments, will  be  completed  within  the 
coming  month.  In  it  we  will  endeavor 
to  give  satisfactory  answers  to  all  the 
interrogations  submitted  to  us,  and  we 
suggest  that  nothing  be  done  in  the 
meantime  towards  completing  those  por- 
tions of  the  walls  for  which  the  pile 
foundation  has  been  wholly  or  partially 
prepared. 

From  the  final  .report  of  the  engineers, 
which  immediately  follows  the  above, 
we  make  extract  of  the  description  of 
their  tests  of  cements,  referred  to  in  the 
preceding  document  : 

EXPERIMENTAL  TESTS  IX  CASKS. 

In  order  to  test  the  qualities  of  Rosen- 
dale  and  Portland  cement  under  the  same 
circumstances  of  exposure,  mixed  with 
different  proportions  of  sand  and  broken 
stone,  eight  varieties  of  concrete  were 
deposited  in  casks  under  water  January 
3d,  and  taken  out  and  examined  January 
21,  1876. 

The  casks  were  of  forty-five  gallon 
capacity,  and  were  pierced  with  one-inch 
auger  holes  on  all  sides,  the  holes  being 
three  inches  apart  between  centers  hori- 
zontally, and  from  three  to  five  inches 
apart  vertically.  The  bottoms  were 
pierced  in  a  similar  manner,  the  holes 
being  three  inches  apart  between  centers 
both  ways.  Four-inch  rubble-stones,  of 
the  kind  used  around  the  pile-heads  un- 
der the  Canal  and  King  Streets  walls, 
were  then  put  in  the  bottom  of  each  cask 
to  the  depth  of  nine  to  ten  inches,  and 
they  were  then  set  in  the  water  alongside 
of  the  wall  at  the  foot  of  Canal  Street, 
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so  as  to  be  entirely  submerged,  the  tops 
of  the  casks  being  about  six  inches  be- 
low the  surface  of  the  water.  The  con- 
crete, as  soon  as  mixed,  was  taken  up 
with  shovels  and  deposited  in  the  several 
casks  until  they  were  filled,  one  after  the 
other.  The  shovelful  of  concrete  was  in 
each  case  passed  through  the  water  until 
it  reached  the  place  of  deposit,  when  it 
was  tipped  so  as  to  allow  the  concrete  to 
slide  off. 

In  this  condition  they  were  left  for 
eighteen  days,  constantly  submerged, 
with  the  exception  of  two  or  three  occa- 
sions, when  they  were  partly  out  of  water 
for  a  short  time.  On  January  13th,  at 
three  p.  m.,  when  the  temperature  was 
several  degrees  below  the  freezing  point, 
the  tide  fell  about  eighteen  inches  below 
the  tops  of  the  casks. 

Subsequently,  theis  tops  were  again 
exposed,  for  about  six  inches.  On  the 
eighteenth  day  after  immersion,  they 
were  all  raised,  opened  on  the  sides  by 
removing  several  staves,  and  carefully 
inspected  by  cutting  into  the  body  of 
the  concrete.  The  kinds  and  proportions 
of  materials  used  in  each  cask,  and  the 
condition  of  the  concrete  at  the  time  of 
examination  are  given  below. 

The  Portland  cement  was  the  kind 
used  in  the  foundations  of  the  Canal  and 
King  Streets  walls,  and  of  good  quality. 

The  Rosendale  cement  was  manufac- 
tured by  F.  O.  Norton.  It  was  selected 
from  his  stock  on  hand,  some  of  it  being 
rather  quicker  setting  than  the  rest, 
though  not  conspicuously  so. 

NUMBER  ONE. 

Portland  cement,  measured  dry  ...  3  volumes. 

Sand,  measured  damp 5        " 

Broken  stone 10        " 

This  concrete  was  in  all  respects  like 
the  best  quality  used  in  the  foundations 
of  the  Canal  Street  »and  King  Street 
walls. 

On  examination,  the  cement  and  sand 
were  found  to  be  badly  washed  out  from 
the  broken  stone  on  all  sides  next  the 
barrel,  and  in  the  lower  portions  next 
the  rubble-stones,  leaving  numerous  voids 
in  the  mass. 

Considerable  sand  and  cement  were 
found  among  the  rubble  at  the  bottom 
of  cask,  and  some  had  evidently  washed 
out  through  the  auger  holes.  Where 
not  washed  out,  the  set  of  the  concrete 
was  pretty  good.     Near  the  top  of  the 


cask  the  concrete  was  free  from  voids, 
and  of  much  better  quality  than  below. 
The  set  was  quite  hard  on  top. 

NUMBER  TWO. 

Portland  cement,  measured  dry. . .  2  volumes. 
Common  lime,  slaked  to  powder. .  1£      " 

Sand,  measured  damp 5        " 

Broken  stone .10        (l 

The  cement  and  sand  were  badly  wash- 
ed out  all  around  next  the  cask,  and 
also,  to  some  extent,  but  not  so  badly, 
through  the  mass.  Poor  set  next  the  ' 
cask,  but  good  set  in  middle,  away  from 
the  wash.  Very  little  mortar  left  among 
the  stone  next  the  cask,  for  about  three 
inches  all  around.  Set  somewhat  better 
than  in  Number  One,  and  sand  retained 
better  in  the  heart  of  the  mass. 

NUMBER  THREE. 

Rosendale  cement,  dry 2£  volumes. 

Damp  sand 5 

Broken  stone 10  " 

Cement  and  sand  washed  out  around 
outside,  next  the  cask,  but  not  badly. 
Also,  washed  out  for  some  distance  above 
the  large  rubble-stones.  Very  little  set,, 
except  in  the  upper  portions.  Too  much 
sand  was  used  in  the  mortar. 

NUMBER  FOUR. 

Rosendale  cement,  dry 4  volumes. 

Common  lime,  slaked  to  powder. . .  1|      " 

Damp  sand 5        " 

Broken  stone 10        " 

Main  bulk  of  concrete  good,  and  no 
washing  out  of  the  cement  and  sand  ex- 
cept a  very  little  at  bottom  next  the 
rubble-stones.  The  mortar  retained  its 
constituents  throughout  the  mass,  and 
there  were  no  voids,  except  at  bottom  as 
above  noted.  Good  adhesion  of  mortar 
to  stone,  and  a  very  good  set.  Concrete 
satisfactory. 

NUMBER  FIVE. 

Rosendale  cement,  quick- setting. .  5  volumes. 

Damp  sand 5 

Broken  stone 10 

The  same  remarks  apply  to  this  con- 
crete as  to  Number  Four,  except  that  it 
had  set  a  little  harder,  and  on  that  ac- 
count might  be  pronounced  a  little  bet- 
ter. 

number  six. 
Slow  setting  Rosendale  cement,  dry  5  volumes. 

Damp  sand 5 

Broken  stone 10 

Very  little  sifting  or  washing  out  of 
cement  and  sand,  and  very  good  concrete. 
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The  set  was  satisfactory,  and  the  mass 
well  held  together. 

NUMBER  SEVEN. 

Slow-setting  Rosendale  cenient,  dry  4  volumes. 
Common  limQ,  slaked  to  powder  . .  1-j-       " 

Damp  sand 5 

Broken  stone 10         " 

Very  little  cement  and  sand  washed  out, 
and  that  only  close  to  sides  of  cask,  and 
directly  next  the  rubble-stones.  No 
voids  in  concrete  elsewhere. 

Good  adhesion  of  mortar  to  stones, 
and  very  good  concrete  as  a  whole.  Set 
not  quite  so  good  as  in  Number  Five. 
Cask  well  filled  out  all  around. 

NUMBER  EIGHT. 

Slow-setting  Rosendale  cement,  dry  4  volumes. 

Quicklime  (not  slaked) 1 

Damp  sand 5 

Broken  stone 10 

The  cement,  sand  and  lime  remained 
well  mixed,  and  there  was  little,  if  any, 
washing  out  from  among  the  stones. 
Some  traces  of  lime,  but  no  sand  among 
the  rubble-stones  below.  There  was 
very  little  set  in  the  concrete. 

The  best  out  of  these  ei^ht  kinds  of 
concrete  are   Numbers  Four,  Five,  Six  |  ™™}}l  P^^L^f  f^L?™??* 
and  Seven.     There  being  very  little  dif- 
ference in  the  hydraulic  activity  of  the 
Rosendale   cement   used,  Number  Four 
should  give  the  same  result  as  Number 
Seven,  and  Number  Five   the  same 
Number   Six.     So  little   difference 
exhibited   among  these  four  specimens, 
that  the   propriety   of   cheapening   the 
concrete  by  replacing  a  portion  of  the 
cement  with    common   lime   cannot   be 
doubted. 

We  can  only  give  from  the  remainder 
of  the  report  the  "  Remarks  "  of  General 
Gillmore,  upon  the  properties  and  uses 
of  the  cements  generally  employed  in 
such  cases : 

REMARKS. 

First.  Portland  cement,  with  respect  I  contain-  certain  proportions  of  silica, 
to  the  amount  of  clay — that  is,  silica  and  i  alumina  and  lime,  it  will  yield  Portland 
alumina — which  the  artificial  mixture  or  |  cement.  The  composition  of  a  mixture, 
the  natural  stone  contains  previous  to  j  whether  natural  or  artificial,  that  will 
burning,  occupies  an  intermediate  place  j  produce  Portland  cement,  is  such  that, 
between  the  ordinary  hydraulic  limes  of  when  burned  at  a  high  heat,  the  silica, 
commerce  used  throughout  Europe,  and  alumina  and  lime  enter  into  combinations 
the  quick- setting  argillaceous  and  argillo-  with  each  other,  and  form  those  combi- 
magnesian  cements,  such  as  the  Roman,  |  nations  which  confer  the  hydraulic 
the  Vassy,  the  Rosendale,  the  Cumber-  j  energy,  leaving  neither  ingredient  in 
land,  and  other  American  cements.     The  |  excess   as    an    adulterating   constituent. 


as 
was 


hydraulic  limes  contain  less  clay  than 
the  Portland  cement,  and  the  quick- set- 
ting cements  more. 

Second.  During  the  burning  of  a  stone 
which  yields  hydraulic  lime,  all  the  silica 
and  alumina  combine  with  lime,  produc- 
ing silicate  of  lime,  silicate  of  alumina, 
aluminate  of  lime,  and  other  combina- 
tions. These  are  the  compounds,  which, 
after  water  is  added,  undergo  a  species 
of  crystalization,  technically  called  set- 
ting, which  constitutes  the  hydraulic 
property.  But  there  is  in  the  burnt  pro- 
duct an  excess  of  uncombined  or  quick 
lime,  sufficient  to  cause  it  to  slake  to 
powder  in  the  presence  of  water,  in  the 
same  manner  as  common  lime  slakes, 
i  though  much  less  promptly,  especially  if 
I  the  excess  of  quicklime  be  small.  A 
paste  of  hydraulic  lime  is  somewhat 
unctuous  to  the  touch,  and  sticky  and 
soapy,  although  less  so  than  a  paste  of 
common  lime.  When  a  mass  of  it  is 
placed  in  water,  it  will  gradually  enlarge 
itself  laterally  by  spreading  out  in  all 
directions  in  consequence  of  its  weight 
and    plasticity.     In    doing    so,    it    wilL 

con- 
stantly to  the  water,  and  will  not  crack 
up  into  numerous  pieces,  or  fall  asunder 
into  a  lumpy  or  granulated  mass.  Hence 
a  mortar  of  hydraulic  lime,  if  quietly 
deposited  under  water,  will  not  generally 
become  washed  out  so  badly  as  to 
separate  the  sand  from  the  lime,  but  the 
particles  of  sand  will  be  mechanically 
held  in  place  by  the  lime  paste  during 
the  time  while  the  mass  is  assuming  a 
state  of  rest  and  equilibrium,  after  which 
it  will  gradually  indurate  by  setting. 
The  water  must  be  as  quiet  as  possible, 
and  all  currents  that  might  wash  away 
the  lime  from  the  sand  be  avoided. 

Third.  When  a  hydraulic  lime,  after 
burning,  cannot  be  slaked  to  a  powder 
or  paste  water,  but  must  be  reduced  by 
grinding,  it  is  called  a  cement;  and,  if  it 
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It  is  to  this  circumstance,  in  part,  that 
Portland   cement   owes  its   superiority. 
When  finely  ground,  a  heavy,  sharp,  and 
minutely  granulated  powder  (the  Port- 
land cement  of  commerce)  is  produced. 
If  mixed  with  water  into  a  stiff  paste,  it 
is,  in  great  measure,  destitute  of    those 
unctuous  and  adhesive  properties  which 
characterize    a    paste    of     common    or 
hydraulic    lime.      It    may    be    said    to 
possess  little  cohesiveness  until  it  begins 
to  set,  which  ensues  two,  three  or  four 
hours   after   mixing,    depending   on   its 
qualities.     A  plastic  cake  of  it,  immersed 
in  water,  will  not  gradually  spread  itself 
out  in  the  same  manner  as  the  lime  paste, 
but  will,  unless  it  be  rather  flat  and  thin, 
with   gentle  slopes  on    all   sides,  break 
down  all  around  by  the  sliding  off,  suc- 
cessively, of  the  exterior  portions,  thus 
constantly  presenting  a  new  surface  to 
the  wash  of  the  surrounding  water,  until 
it  retains  the  angle  of   repose.     When 
the  cake  is  of  such  form  that  no  crack- 
ing or  disintegration  takes  place  when 
immersed — that  is,  when  it  is  compara- 
tively flat  and  broad — it  will   set   and 
harden  with  great  energy  under  water. 
Indeed,    the    most    advantageous    con- 
ditions for  its  hardening  are  secured  in 
the  water,  or  in  a  constantly  wet  place, 
provided  the  initial  set  can  begin  in  the 
open  air,  or  the  immersion  can  be  made 
without    drowning     out    the     material, 
which  always  results  in   separating  the 
finer  from  the  coarser  particles,  and  the 
loss  of  the   former,  in   a  greater  or  less 
degree,  in  the  form  of  laitance,   and  in 
the  case  of  mortar  in  the  separation  of 
the  cement  from  the  sand,  and  the  de- 
position of   each  material  in  layers   or 
pockets  by  itself.     In  this   process   the 
sand,  being  the  heavier  of  the  two,  will 
go  to  the  bottom.     The  evil  results  are 
more    serious    with    the    slow  than   the 
quick  setting  pure  cements,  for  the  sim- 
ple reason  that  the  disintegration  is  ar- 
rested as   soon  as  the  induration  fairly 
begins.     When    any  kind    of   hydraulic 
cement,  or  cement-concrete,  is  deposited 
in  water,  some  of  its  lighter  particles  are 
washed  out  and  held  for  a  time  in  sus- 
pension in  the  water.     They  afterwards 
subside   as  a  layer  upon  the  top  of  the 
mortar  or  concrete,  and,  if  not  removed, 
interpose  themselves  between  contiguous 
layers.     As  they  possess  very  little,  if 
any,  hydraulic  energy,  they  are  elements 


of  weakness  in  the  mass  in  preventing 
the  requisite  continuity  and  bond.  The 
French  engineers  call  this  material  lai- 
tance.  It  is  not  only  an  injury  in  itself 
by  producing  seams  in  the  mass,  but  in- 
jures the  quality  of  the  cement  from 
which  it  is  extracted.  Its  volume  will 
be  great  in  proportion  to  the  amount  of 
washing  to  which  the  mortar  is  subject- 
ed in  the  process  of  its  deposition.  Some 
cements  receive  more  injury  by  washing, 
and  yield  more  laitance  than  others. 

Fourth.  When  the  Roman  or  the  Ros- 
endale  cements,  and  cements  of  like 
character,  are  burnt,  all,  or  nearly  all,  of 
the  lime  and  magnesia  which  they  con- 
tain enters  into  combination  with  the 
silica  and  alumina  of  the  clay,  in  the  for- 
mation of  those  compounds  which  confer 
the  hydraulic  properties,  leaving,  how- 
ever, an  excess  of  uncombined  clay, 
which  acts  as  an  adulterating  ingredient 
in  the  cement.  The  burning  takes  place 
at  a  lower  heat,  and  the  compounds 
formed  crystalize  or  set  more  promptly 
than  those  of  Portland  cement.  The 
free  or  uncombined  clay  in  the  product 
renders  the  paste  of  these  low-burnt  ce- 
ments somewhat  unctuous,  cohesive  and 
sticky.  The  powder  is  less  granular,  and 
possesses  much  less  weight  than  Portland 
cement,  and,  when  made  into  mortar,  it 
seems  to  hold  the  sand  better.  If  this  is 
not,  in  fact,  the  case  to  any  great  degree, 
its  quick-setting  properties  render  it  su- 
perior to  a  cement  that  sets  slowly,  for 
all  kinds  of  submarine  work  where  the 
mortar  has  to  be  immersed  in  the  plastic 
state.  Rosendale  cement  of  active 
quality,  if  made  into  a  plastic  ball  or 
sphere  of  three-quarter  inch  to  one  inch 
in  diameter,  and  immersed  in  water,  will 
harden  without  rupture  or  change  of 
form,  and,  at  the  end  of  about  an  hour, 
can  be  rolled  across  a  room  upon  the 
floor  without  breaking. 

No  good  Portland  cement  will  sustain 
this  test  ;  yet,  if  both  be  allowed  to  set 
in  the  air,  and  are  then  placed  under 
water,  or  in  a  damp  place  for  five  or  six 
days,  the  Portland  cement,  mixed  with 
three  and  a-half  times  its  volume  of 
sand,  will  make  as  strong  a  mortar  as 
Rosendale  cement  without  sand. 

M.  Leblanc,  Engineer  des  Ponts  et 
Chaussees  (see  Annales  for  1865)  says 
that  heavy  Portland  cement  only,  such 
as  weighs  not  less  than  105  pounds  of 
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the  struck  bushel,  should  be  used  for  im- 
portant works — a    statement    which    he 
could  not  have   made  had  he  been  fa- 
miliar with  the  best  American   cements, 
and  the  history  and  results  of  their  use 
upon  our   public  works  during  the  last 
forty  years.     I  have  been  a  constant  ad- 
vocate of  Portland  cement  as  a  substi- 
tute for  Rosendale  for  general  use,  with 
certain  marked  exceptions,  for  the  reason 
that,  when  very  strong  work  is  required, 
its  superior  strength  gives  it  a  great  ad- 
vantage, while  for  common  masonry,  in 
large   masses,  where   inertia   is  desired 
rather  than  strength,  it  will  bear  adulter- 
ation with  common  lime  and  sand  to  such 
degree  as  to  bring  the  cost  of  the  work 
even  below  the  cheapest  that  can  be  pro- 
duced with  the  Rosendale,  or  any  equiva- 
lent American  cement.     For  the  fabrica- 
tion of  concrete,  however,  to  be  deposit- 
ed to  take  its  first  set  in  water,  I  have 
never  recommended  it,  not  because  it  is 
incapable   of    yielding    excellent    work 
under  such  circumstances,  but  because 
the  conditions,  necessary  to  secure  excel- 
lence, can  only  be  established  and  main- 
tained under  the  most  careful  personal 
supervision,  such  as  a  superintending  en- 
gineer is  seldom  able   to  give.     When 
those  conditions  can  be  secured  there  is 
no  doubt  of  its  superiority  to  Rosendale, 
or  any  other  light,  quick-setting  cement. 
M.  Leblanc  further  states,  that  Portland 
cement    concrete,    immersed    in    water, 
undergoes   an   energetic   weakening,  or 
washing-out  ;  that  the  broken  stone,  as 
-soon  as  it  touches  the  water,  is  deprived 
of  its  mortar,  in  fact,  keeps  no  trace  of 
it  ;  that  Portland  mortar  is  not  fat  and 
soapy  like   lime   mortar,  and   does   not 
stick  to  the  trowel  ;    that,  poured  into 
sea  water,  this  concrete  arranges  itself  in 
three  parts  or  beds,  the  upper  portion 
being  a  thick,   milky  solution,  with  no 
power  to  set,  and  remaining  soapy  unless 
dried.      The   second    portion    resembles 
meagre    mortar.      The    lower    stratum 
alone  appears  to  preserve  its  quality;  but 
being  composed  of  the  heaviest  and  most 
highly  burned  grains,  it  sets  very  slow- 
ly, and,  besides,  is  weakened  by  mixture 
with  the  larger  proportion  of  gravel  form- 
ing the  mortar,  which  falls  down  with 
it  through  the  interstices  of  the  broken 
stone.     M.  Leblanc   also   remarks  that, 
when  concrete  is  deposited  in  water  from 
boxes,  they  should  be  as  large  as  practi- 


cable, but  that  if  it  be  absolutely  neces- 
sary to  use  it  under  water,  it  is  best  to 
employ  a  tremie  in  preference  to  any 
other  apparatus ;  also,  that  Portland 
concrete  may  be  spread  out  under  water 
with  less  alteration  than  a  bed  of  lime 
mortar  concrete,  provided,  that  steep 
slopes  and  the  rolling  of  the  stones  on 
the  surface  are  avoided,  which  can  be 
accomplished  sufficiently  easy  with  the 
tremie.  It  is  not  attempted  to  give  a  trans- 
lation of  M.  Leblanc's  paper,  but  only  a 
summary  of  his  opinions,  so  far  as  they 
bear  upon  the  subject  under  considera- 
tion. He  is  an  advocate  of  the  use  of 
freshly-mixed  Portland  concrete  in  the 
water,  under  such  precautions  as  will  se- 
cure it  against  injurious  wash. 

Fifth.  It  will  be  inferred  from  the 
foregoing  that,  in  order  to  produce  good 
submarine  masonry  by  depositing  fresh- 
ly-mixed concrete  in  the  water,  certain 
precautions  are  necessary,  viz.: 

(a)  The  cementing  material  should 
possess  the  properties  of  unctuousness 
and  adhesiveness,  to  enable  it  to  retain 
the  sand  while  the  concrete  is  assuming 
a  state  of  rest  in  the  water  ;  and  it  should 
be  able,  in  as  great  degree  as  possible, 
to  assume  that  state,  by  flattening  out 
and  spreading,  rather  than  by  breaking 
down  and  rolling  off  on  the  sides  of  the 
mass  deposited. 

(b)  If  it  be  deficient  in  the  properties 
last  named,  it  should,  in  lieu  thereof,  be 
quick-setting,  in  order  that  the  washing- 
out  of  the  sand  and  its  separation  from 
the  cement  may  be  arrested  in  a  few 
minutes  after  deposition,  by  the  prompt 
induration  of  the  cement. 

(c)  If  a  box  is  used  for  depositing  the 
concrete,  the  form  of  the  box  and  the 
manner  of  emptying  it  should  be  such 
that  the  concrete  will  be  subjected  to  as 
little  wash  as  possible.  Hence,  a  large 
box  is  preferable  to  a  small  one,  as  it 
will  expose  a  less  area  of  surface  in  pro- 
portion to  the  volume  deposited.  For 
example,  a  box  three  feet  long  by  three 
wide  by  two  feet  high,  will  hold  eighteen 
cubic  feet,  and  has  a  surface  area  of 
forty-two  square  feet,  equal  to  two  and 
one-third  square  feet  to  each  cubic  foot  ; 
while  a  box  of  the  same  form,  but  six 
feet  wide  by  six  feet  long  by  four  feet 
high,  will  hold  144  cubic  feet,  and  has  a 
surface   area   of   only    168  square   feet, 
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equal  to  one  and  one-sixth  square  feet  to 
each  cubic  foot. 

(d)  The  form  of  the  box  used  in  laying 
the  foundation  of  the  King  St.  and  Canal 
St,  sections  is  objectionable.  It  has  no 
cover  on  top,  so  that  the  exposed  surface 
of  the  mixture,  equal  in  itself  to  one 
square  foot  to  every  two  cubic  feet  of 
volume,  was  subjected  to  a  rush  of  wa- 
ter over  it  during  its  descent  to  the  bot- 
tom, and  the  contents,  instead  of  being 
deposited  in  their  allotted  place  in  a 
compact  mass,  issued  in  a  manner  much 
resembling  a  stream.  Moreover,  the 
side  door  of  the  box  fitted  so  imperfectly, 
that  the  water  entered  quite  freely 
around  its  edges  and  forced  its  way 
through  the  concrete  to  the  top  before 
the  box  became  submerged.  A  box, 
operated  on  the  clam-shell  plan,  would 
have  been  better  ;  but  preferable  to  any 
box  is  the  tr'emie,  when  properly  con- 
structed and  operated,  as  the  concrete 
laid  with  it  never  touches  the  water  un- 
til it  issues  from  the  bottom  of  the  tr'emie 
in  the  spot  where  it  is  to  remain,  without 
further  disturbance,  except  what  may  be 
caused  when  the  next  layer  is  deposited 
upon  it.  It  is  laid  under  a  constant 
pressure  from  the  weight  of  the  column 
of  concrete  in  the  tr'emie  shaft,  which, 
with  a  tr'emie  twenty  feet  long,  would 
amount  to  about  one  and  a  half  tons  per 
square  foot.  A  tr'emie  is  operated  in  a 
vertical  position  and  is  freely  open  at 
"both  ends.  The  spout  used  for  a  time 
by  the  Department  of  Docks,  was  closed 
.at  the  lower  end,  and  the  concrete  issued 
in  a  stream  from  an  opening  on  one  side. 
As  a  matter  of  course,  it  was  badly 
washed. 

Sixth.  A  glance  at  the  inspection 
notes  shows  that,  while  the  concrete  is 
by  no  means  good  in  average  quality, 
and  in  many  places  is  very  bad,  in  the 
Canal  Street  and  King  Street  walls,  this 
inferiority  differs  in  the  two  cases,  both 
in  kind  and  extent. 

The  Canal  Street  wall  is  traversed  by 
several  bad  seams  of  soft  material,  col- 
lected as  sediment  upon  the  surface  of 
some  of  the  layers  of  concrete,  and, 
therefore,  separating  contiguous  layers. 
In  some  places  a  probe  can  be  thrust  in- 
to this  mixture,  by  hand,  to  a  depth  of 
several  feet,  being  finally  arrested,  ap- 
parently, by  the  broken  stone  in  the  con- 
crete, either  above  or  below.     Much  of 


the  material  of  these  seams  is  entirely 
destitute  of  hydraulic  properties,  and 
does  not  get  hard  when  dried,  but  be- 
comes light,  spongy  and  easily  pulverized 
between  the  fingers.  The  laitance  pro- 
duced when  Portland  cement  is  placed  in 
pure  sea  water  is  slightly  dydraulic  and, 
although  its  interposition  as  strata  in  the 
concrete  breaks  its  continuity  and  im- 
pairs its  strength  as  a  monolith,  the  in- 
jury is  trifling  when  the  strata  are  thin 
and  few  in  number,  as  they  always  will 
be  when  the  work  is  vigorously  pushed 
with  thick  layers. 

/Seventh.  That  portion  of  the  Canal 
Street  wall  which  came  under  my  inspec- 
tion was  the  eleven  uncovered  panels 
in  the  rear,  situated  between  the  middle 
of  Pier  34  and  the  north  end  of  the  wall. 
The  seams  here  vary  in  width  from  three- 
eighth  inch  to  three  inches,  and,  in  depth, 
as  ascertained  with  a  probe,  from  three 
or  four  inches  up  to  three  feet.  They 
are,  doubtless,  much  deeper  in  some 
places  but,  as  they  are  interposed  between 
undulating  and  irregular,  instead  of 
plane,  surfaces,  the  probe  would  be  stop- 
ped by  the  broken  stone  of  the  adjacent 
concrete.  The  material  of  the  seams 
was  generally  of  a  whitish  color,  com- 
posed mostly  of  laitance,  with  some  river 
filth  and  sewage. 

In  several  places,  the  bottom,  or  heel, 
of  the  wall  is  broken  under  to  a  depth 
varying  in  the  different  panels  from  one 
to  three  feet.  This  is  due  to  the  rela- 
tively inferior  character  of  the  concrete 
composing  the  bottom  layer,  which,  on 
being  emptied  from  the  box,  at  the  pile- 
heads,  fell  through  the  water  a  height  of 
from  one  to  three  feet  before  it  found  a 
resting  place  on  the  broken  stone.  It 
was  therefore  subjected  to  severe  wash- 
ing, and  parted  with  much  of  its  cement 
and  sand,  the  lighter  portion  of  the  ce- 
ment floating  away  in  the  water,  to  be 
subsequently  deposited  as  a  seam,  while 
the  heavier  particles,  together  with  the 
sand,  settled  down  among  the  rubble- 
stone  below. 

Several  soft  places  were  found  in  the 
face  of  the  concrete,  besides  the  seams  ; 
and  some  of  these  contained  no  stone, 
but  only  soft  washed-out  cement,  or 
cement  and  sand,  either  mixed  together 
or  in  separate  layers.  These  weak  places 
were,  doubtless,  caused  by  the  settlement 
of  cement,  sand  and  laitance  into  the 
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which  was  two  and  a  half  inches  deep 
and  three  inches  wide,  to  the  largest, 


depressions  next  the   shutters,  left   be- 
tween   contiguous    boxes    of    concrete, 

thus  filling  these  depressions  or  cavities  j  which  was  twelve  inches  deep  and  twelve 
to  such  degree  that  the  concrete  subse- 
quently deposited   could  not   flow   into 
and  fill  them. 

The  concrete  in  the  heart  of  the  wall, 
as  shown  by  the  shaft  sunk  from  the  top, 
is  superior  to  that  on  the  back  next  the 
caisson,  and,  with  the  exception  of  a 
few  seams,  is  of  fair  average  quality. 

At  the  King  Street  wall  the  shutters 
had  been  removed  from  twelve  panels  on 
the  front,  and  from  seventeen  panels  on 
the  rear,  the  whole  number  of  panels 
being  nineteen  on  each  side,  in  a  total 
length  of  146|  feet. 

Diver  Burt  examined  all  the  uncovered 
panels  in  front  and  rear.  A  second  ex- 
amination of  those  in  front  was  sub- 
sequently made  by  Diver  Conklin. 

The  seams  occur  less  frequently,  and 
are  fewer  in  number,  and  of  less  length 
along  the  face,  in  the  King  Street  than 
in  the  Canal  Street  wall.  They  are  also 
of  less  depth,  as  indicated  by  the  pene- 
tration of  the  probe;  and,  on  the  whole, 
-do  not  constitute  such  an  element  of 
weakness  as  to  require  that  any  special 
precautions  should  be  taken  to  guard 
against  it. 

Eiglith.  The  hardness  of  the  concrete 
in  the  two  walls  was  frequently  tried,  in 
a  rough  way,  by  digging  small  holes  in 
the  face,  care  being  taken  to  select  spots 
where  there  was  no  exceptional  softness 
due  to  the  existence  of  seams.     The  in- 


inches  wide,  and  the  time  occupied  in 
digging  them  varied  from  three  to  eleven 
minutes.  The  average  depth  of  those 
in  the  King  Street  wall  was  seven  one- 
ninth  inches,  the  average  width,  seven 
one-sixth  inches,  and  the  average  time 
required  to  drill  them,  six  one-sixth 
minutes.  At  the  Canal  Street  wall  the 
average  depth  was  five  one-fifth  inches, 
the  average  width  five  one-fourth  inches, 
and  the  average  time,  five  and  a  half 
minutes. 

These  facts,  although  interesting,  are 
only  of  practical  value  in  connection 
with  a  future  examination  by  the  same 
diver  with  the  same  or  a  similar  instru- 
ment. No  hammer  was  used,  but  the 
drill  was  worked  in  with  one  hand. 

Ninth.  A  characteristic  feature,  which 
may  correctly  be  termed  a  weakness  of 
the  King  Street  wall,  is  due  to  the  com- 
parative inferiority  of  the  concrete,  in 
the  first  or  lower  layer,  deposited  around 
and  upon  the  pile-heads.  The  causes  of 
this  inferiority  have  already  been  men- 
tioned. Its  results  are  of  a  marked  and 
somewhat  important  character,  for  the 
toe  of  the  concrete  base  is  so  badly 
broken  off  and  caved  under,  that  the 
front  row  of  piles,  located  directly  under 
it,  give  very  little,  if  any,  support  to  the 
wall,  and  should,  for  safety,  be  dis- 
regarded  in  calculating  the  stability  of 
the  structure.     The  effect  of  this 


structure.  ±ne  ettect  ot  this  is  to 
strument  used  was  a  common  stone  drill,  i  place  the  toe  of  the  wall  at  the  second 
•twenty-one  inches  long,  made  from  one-  row  of  piles  two  feet  back,  and,  there- 
inch  octagon  steel,  having  on  one  end  a  fore,  to  diminish  the  thickness  of  the 
dull  chisel  edge  three-fourths  of  an  inch 


wide.  It  was  thought  that,  by  employ- 
ing the  same  diver  with  a  similar  drill 
at  some  future  time,  the  progressive 
induration  of  the  concrete  could  be 
approximately  determined.  The  test- 
holes  resembled  in  form  the  small  end 
of  an  egg.  The  width  at  the  face  of 
the  wall,  and  the  depth,  as  well  as  the 
time  occupied  in  digging  the  hole,  was 
recorded  in  each  case,  and  will  be  found 
in  the  notes  of  inspection.  Nineteen  of 
these  holes— five  in  front  and  fourteen 
in  rear— were  dug  in  the  King  Street 
wall,  and  eight  in  that  portion  of  the 
rear  of  the  Canal  Street  wall,  which 
came  under  my  inspection.  The  holes 
were  of  various  sizes, — from  the  smallest, 


wall,  at  the  base,  two  feet. 

As  the  piles  of  the  second  row,  and 
of  all  the  other  rows  in  rear  of  it,  except 
the  one  under  the  heel  of  the  wall,  were 
left  extending  above  the  rubble-stone, 
they  doubtless  have  a  good  hold  on  the 
better  concrete  of  the  upper  portion  of 
the  lower  layer,  or  of  the  second  layer, 
into  which  many  of  them  reach. 

Another  feature  of  the  King  Street 
wall  is  that,  in  many  places,  the  face  of 
the  concrete  base  has  fallen  off  to  a 
greater  or  less  depth  throughout  its 
entire  height.  In  some  panels  the 
amount  thus  lost  is  trifling;  in  others  it 
averages  nearly  a  foot  in  horizontal 
thickness;  while  many  preserve  their 
original  face  almost  intact.     This  loss  of 
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concrete  does  not  increase  the  weakness 
caused  by  the  breaking  under  of  the  toe 
of  the  wall,  for  the  reason  that  the  part 
lost  is  simply  a  portion  of  an  overhang, 
all  of  which  could,  without  further  im- 
pairing the  stability  of  the  structure,  be 
spared  as  far  back  as  a  vertical  plane 
tangent  to  the  outer  faces  of  the  second 
row  of  piles. 

Besides  the  seams  there  are  soft  places, 
destitute  of  concrete  stone,  in  some  parts 
of  the  King  Street  base,  but  not  near  as 
many  as  were  detected  at  Canal  Street, 
owing,  doubtless,  to  the  circumstance 
that  the  box  used  in  laying  the  former 
(two  cubic  yards  in  capacity)  held  twice 
as  much  as  the  one  used  in  laying  the 
latter. 

Tenth.  In  filling  the  experimental 
caisson  described  in  the  joint  report,  the 
directions  given  were  to  execute  the 
work  under  precisely  the  same  con- 
ditions which  obtained  in  laying  the 
concrete  base  of  the  Canal  Street  sec- 
tion, which  differed  from  'the  method 
followed  at  King  Street  only  in  the 
capacity  of  the  box  used. 

The  object  of  that  experiment  was  to 
illustrate  the  extent  to  which  Portland 
cement  concrete,  deposited  in  the  manner 
and  with  the  appliances  adopted  in  the 
construction  of  these  walls,  parted  with 
its  sand  and  the  lighter  portions  of  the 
cement.  Besides  the  information  sought, 
and  assuming  that  the  instructions  were 
faithfully  executed,  the  experiment 
brought  out  the  additional  fact  that  the 
concrete  in  these  wails,  although  rich 
enough  in  cement,  was  not  thoroughly 
mixed  ;  at  all  events,  not  as  thoroughly 
as  I  have  always  exacted  upon  govern- 
ment works,  even  were  the  concrete  made 
by  hand;  while,  in  comparison  with  mill- 
made  concrete,  the  degree  of  manipula- 
tion falls  greatly  below  the  average. 
Without  going  into  lengthy  details,  it 
will  suffice  to  state  that  the  cement  was 
not  thoroughly  and  uniformly  mixed 
with  the  sand,  and  the  mortar  was  not 
well  incorporated  with  the  broken  stone. 
Those  familiar  with  this  kind  of  work 
will  readily  admit  that  one  additional 
turn  with  the  shovels,  if  properly  done, 
may  convert  an  inferior  mixture  into  a 
good  one. 

Eleventh.  In  my  opinion,  the  kind  of 
cement  used,  the  manner  of  mixing  the 
concrete,  the  method  and  the  apparatus 


employed  in  laying  it,  and  the  neglect 
of  the  workmen  in  allowing  the  laitance 
and  river  filth  to  remain  upon  the  layers, 
are  quite  sufficient,  when  considered  to- 
gether, to  account  for  the  condition  in 
which  the  works  were  found.  The  ex- 
ceptional inferiority  of  the  lower  course 
of  concrete  is  due  to  exceptional  causes 
already  mentioned. 

Twelfth.  Instances  may,  and  perhaps 
will  be,  cited,  in  which  apparently  the 
same  method  of  construction  in  all  its 
details,  has  given  good  results  elsewhere. 
As  a  case  in  point,  it  has  been  reported 
to  me,  that  the  foundation  of  the  light- 
house, now  under  construction  on  Race 
Rock,  situated  in  Long  Island  Sound, 
some  miles  from  New  London,  Conn., 
was  laid  in  precisely  this  manner.  Upon 
inquiry,  however,  I  learn  from  the  con- 
tractor that  the  concrete  was  thoroughly 
mixed  by  machinery  ;  that  the  box  with 
which  it  was  deposited  had  a  close-fitting 
door  on  the  side  so  that  little,  if  any,  wash 
came  from  that  direction,  and  that  in 
order  to  diminish  the  wash  on  top,  as  it 
had  no  cover,  a  thin  layer  of  sand  was 
spread  over  the  concrete  before  the  box 
was  lowered  into  the  water.  It  may  be 
remarked,  also,  that  this  concrete  was 
deposited  in  from  ten  to  eleven  feet  of 
water,  within  a  boiler  iron  caisson,  which 
is  left  in  place  as  a  part  of  the  founda- 
tion. The  material  inside  has  never 
therefore  been  examined,  except  on  top 
as  the  work  progressed. 

Some  importance  should  doubtless  be  at- 
tached to  the  fact  that  this  work  is  locat- 
ed in  clear  sea  water  while  the  dock  walls 
stand  in  a  mixture  of  sea  water  and  sewage ; 
for  although  Portland  cement,  if  mixed 
up  with  fresh  water,  may  be  deposited  in 
sewage  water  without  any  more  retarda- 
tion of  the  set,  except  in  the  washed-out 
portions,  and  without  any  greater  sepa- 
ration of  the  cement  from  the  sand  than 
would  ensue  in  clear  water,  still  the 
parts  that  are  separated  by  the  sewage 
water,  consisting  of  the  lighter  particles 
of  cement  and  the  laitance,  will  never 
indurate  at  all.  In  the  Canal  Street  and 
King  Street  walls  they  constitute  the 
seams  and  pockets  already  described. 
Similar  seams  and  pockets  in  the  Race 
Rock  foundation  would  in  time  harden 
to  some  extent,  and  therefore  be  less 
positively  injurious. 

Thirteenth.  It  appears  that  orders  were 
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repeatedly  given  to  remove  the  laitance 
and  filth  from  the  surface  of  each  layer 
of  concrete  before  the  succeeding  layer 
was  put  down,  but  the  implements  placed 
in  the  hands  of  the  diver  for  that  pur- 
pose— a  street  broom  and  a  hoe — were 
not  calculated  to  do  the  work  effectively, 
even  if  faithfully  used.  They  could 
only  stir  up  the  filth,  to  be  held  tem- 
porarily in  suspension  in  the  water,  and 
in  the  end  to  become  incorporated,  to  a 
greater  or  less  degree,  with  the  fresh 
concrete,  and  produce  pockets  and  seams 
of  washed-out  material,  much  more  inju- 
rious in  character  than  would  have  been 
formed  by  washing  with  the  impure 
river  water  alone. 

The  usual  way  to  remove  laitance,  and 
the  only  effective  way  that  I  know  of,  is 
to  pump  it  out  through  a  suction  hose, 
with  its  lower  end  in  the  hands  and  un- 
der the  control  of  the  diver  ;  or  the  hose 
can  be  managed  from  above,  and  the 
services  of  a  diver  dispensed  with. 

Fourteenth.  An  engineer  may  be  will-  j 
ing  to  adopt  a  method  of  doing  work  \ 
which  is  to  be  executed  under  his  con- ! 
stant  personal  supervision,  or  that  of  as- 1 
sistants  selected  and  controlled  by  him, ! 
which  he  would  hesitate  to  recommend  j 
to  others  who  might  not  be  similarly  i 
circumstanced. 

Although  I  entertain  no  doubt  what- 1 
ever  that,  with  proper  care,  good  masonry  | 
can  be  made  by  depositing  freshly-mixed 
concrete  in  water,  and  even  in  a  mixture 
of  sea  water  and  sewage,  still  it  must  be 


conceded  that  the  process  is  one  into 
which  elements  of  serious  uncertainty 
can  easily  insinuate  themselves,  from  a 
simple  neglect,  on  the  part  of  the  work- 
men, of  apparently  unimportant  details, 
and  should  therefore  be  avoided  when- 
ever it  is  practicable  to  do  so,  and  es- 
pecially in  cases  where  the  engineer  in 
charge  cannot  personally  superintend 
the  daily  progress  of  the  work,  or  is  at 
all  restricted  in  the  selection  of  his 
agents.  When  I  was  called  into  consult- 
ation with  General  McClellan  with  re- 
spect to  the  material  and  method  of  con- 
struction to  be  adopted  for  the  masonry 
portion  of  these  bulkheads  or  quay  walls, 
I  recommended  beton  blocks,  laid  as  alter- 
nate headers  and  stretchers,  and  I  have 
seen  no  occasion  to  modify  the  opinions 
I  then  held. 

If  I  had  the  wall  to  build,  as  a  govern- 
ment work,  I  would  probably  adopt  the 
beton-in-mass  method,  in  order  to  lessen 
its  cost  ;  using  Rosendale  cement  con- 
crete containing  some  common  lime,  and 
depositing  it  with  a  tremie,  upon  a  close 
platform  of  planks  resting  on  the  pile- 
heads.  Under  those  portions  of  the 
wall,  where  the  layer  of  dock  mud  was 
found  to  be  exceptionally  deep,  I  would 
broaden  the  base  of  the  piling  by  in- 
clining the  piles  of  the  two  outer  rows  ; 
but  generally,  where  conditions  more 
favorable  to  stability  existed,  I  think 
the  bed  of  stone,  placed  around  and  in 
front  of  the  pile-head,  could  be  safely 
depended  on  to  resist  all  outward  move- 
ment from  earth  pressure  in  the  rear. 
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Now  that  the  attention  of  the  Eng- 
lish people  has  been  again  called  to 
Central  Africa  through  the  discoveries 
and  adventures  of  Lieut.  Cameron,  the 
following  notes  on  and  extracted  from 
Dr.  Livingstone's  "Last  Journal,"  may 
be  of  considerable  interest  to  our 
readers: 

When  Marco  Polo  visited  Africa  in 
the  year  1280  he  found  the  natives  pro- 
ducing iron  by  the  use  of  bottle-shaped 
furnaces,  six  to  seven  feet  high.  The 
ore  and  fuel  were  placed  in  the  furnace 
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through  the  top,  the  molten  iron  being 
tapped  from  a  small  orifice  at  the  bot- 
tom. The  significance  of  civilization 
will  impress  the  reader  who  may  have 
followed  the  first  traveler  and  noted  the 
observations  of  the  second  as  well,  to 
see  that  between  the  two  periods,  no 
advancement  whatever  had  been  made; 
what  Polo  found  in  the  thirteenth  cen- 
tury, Livingstone  found  in  the  nine- 
teenth, and  precisely  in  the  same 
condition. 

"To  the   north-east  of    Moembe,  we 
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have  at  least  fifty  miles  of  as  fine  land 
as  can  be  seen  anywhere  still  bearing  all 
the  marks  of  having  once  supported 
a  prodigious  iron  smelting  and  grain- 
growing  population.  The  clay  pipes 
which  are  put  on  the  nozzles  of  their 
bellows  and  inserted  into  the  furnace 
are  met  with  everywhere,  often  vitri- 
fied." 

Approaching  the  Loendi  the  Doctor 
noticed  a  good  deal  of  ferruginous  con- 
glomerate with  holes  in  it,  which,  when 
broken,  looks  like  red  hematite.  This 
is  probably  the  ore  used  in  former  times 
by  the  smiths,  of  whose  existence  we 
now  find  more  evidence  than  further 
east.  Some  furnaces  are  still  standing 
near  the  village  of  Miule.  Dr.  Living- 
stone asked  a  chief  what  had  become  of 
the  very  large  iron-smelting  population 
of  that  region.  The  reply  was  that 
many  had  died  of  famine,  and  the  others 
had  fled  to  the  west  of  Nyassi. 

"The  stones  still  used  as  anvils  and 
sledge  hammers  by  many  of  the  African 
smiths,  when  considered  from  their  point 
of  view,  show  sounder  sense  than  if  they 
were  burdened  with  the  great  weights 
we  use.  They  are  unacquainted  with 
the  process  of  case-hardening,  which 
applied  to  certain  parts  of  our  anvils 
gives  them  their  usefulness.  An  anvil 
of  their  soft  iron  would  not  do  so  well 
as  a  hard  stone.  It  is  true  a  small  light 
one  might  be  made,  but  let  any  one  see 
how  the  hammers  of  their  iron  bend 
over,  and  round  in  the  faces  with  a  little 
work,  and  he  will  perceive  that  only  a 
wild  freak  would  induce  any  sensible 
native  smith  to  make  a  mass  equal  to  a 
sledge  hammer  and  burden  himself  with 
a  weight  for  what  can  be  better  per- 
formed by  a  stone.  If  people  are 
settled,  as  on  the  coast,  then  they  gladly 
use  any  mass  of  cast  iron  they  may  find, 
but  never  where,  as  in  the  interior,  they 
have  no  certainty  of  remaining  any 
length  of  time  in  one  spot." 

"  Zomba  is  in  a  range  of  hills  to  our 
west,  called  Dzala  Niama.  The  Portu- 
guese in  going  to  Casembe  went  still 
further  west  than  this.  Passing  on  we 
came  to  a  smithy,  and  watched  the 
founder  at  work  drawing  off  slag  from 
the  bottom  of  his  furnace.  He  broke 
through  the  hardened  slag  by  striking 
it  with  an  iron  instrument  inserted  in 
the  end  of    a  pole,  when  the  material 


flowed  out  of  the  small  hole  left  for  the 
purpose  in  the  bottom  of  the  furnace;  the 
ore  (probably  the  black  oxide)  was  like 
sand,  and  was  put  in  at  the  furnace 
mixed  with  charccal.  Only  one  bellows 
was  at  work,  formed  out  of  a  goat  skin, 
and  the  blast  was  very  poor.  Many  of 
these  furnaces,  or  their  remains,  are  met 
with  on  knolls;  those  at  work  have  a 
peculiarly  tall  hut  built  over  them." 

A  day  or  two  later  than  than  this  Dr. 
Livingstone  notes  the  fact  that  he  came 
to  a  smiths'  village,  and  going  still 
northward,  he  crossed  the'  river  Ohini- 
ambo  flowing  into  the  Mirongive,  and 
he  again  came  to  a  village  of  smiths,  as 
he  calls  them,  consisting  of  four  fur- 
naces and  one  smithy. 

Later  still  he  notes:  "  All  the  people 
came  down  from  Pambe,  and  crowded 
to  see  the  strangers.  They  know  very 
little  beyond  their  own  affairs,  though 
these  require  a  good  deal  of  knowledge, 
and  we  should  be  sorely  put  about  if, 
without  their  skill,  we  had  to  maintain 
an  existence  here.  Their  furnaces  are 
rather  bottle-shaped,  and  about  seven 
feet  high  by  three  broad.  One  toothless 
patriarch  had  heard  of  books  and  um- 
brellas, but  had  never  seen  either.  The 
oldest  inhabitant  had  never  traveled  far 
from  the  spot  in  which  he  was  born,  yet 
he  has  a  good  knowledge  of  soils  and 
agriculture,  hut-building,  basket-making, 
pottery  and  the  manufacture  of  bark 
cloths  and  skins  for  clothing,  as  also 
making  of  nets,  traps  and  cordage." 

At  length  our  author  reached  a  sec- 
tion of  country  where  he  found  much 
difficulty  of  progress  through  the  ignor- 
ance of  the  natives.  He  writes:  "Even 
the  smiths,  who  are  the  most  plodding 
set  of  workers,  are  as  ignorant  as  the 
others;  they  supply  the  surrounding 
villages  with  hoes  and  knives,  and  com- 
bining agriculture  with  handicraft,  pass 
through  life." 

"The  hammer,"  says  he,  "which  we 
hear  from  dawn  to  sunset,  is  a  large 
stone,  bound  with  the  strong  inner  bark 
of  a  tree,  having  loops  left  which  form 
handles.  Two  pieces  of  bark  form  the 
tongs,  and  a  big  stone  sunk  into  the 
ground  the  anvil.  The  men  make 
several  hoes  in  a  day,  and  the  metal  is 
very  good;  it  is  all  from  yellow  hematite, 
which  abounds  all  over  this  part  of  the 
country.     The   bellows   consist   of    two 
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goat  skins  with  sticks  at  the  open  ends, 
which  are  open  and  shut  at  every  blast." 

"  We  marched  northward  around  the 
end  of  Chisia  hill  and  remained  for  the 
night  at  a  blacksmiths'  or  rather  foun- 
ders' village.  The  occupation  of  foun- 
der and  smith  are  always  united,  and 
boys  taught  to  be  smiths  in  Europe  or 
India  would  find  themselves  useless  if 
unable  to  smelt  the  ore."  The  furnaces 
are  almost  always  placed  upon  an  ant- 
hill. After  crossing  the  Bua,  he  writes : 
"  The  iron  trade  must  have  been  carried 
on  for  an  immense  time  in  this  country, 
for  one  cannot  go  a  quarter  of  a  mile 
without  meeting  pieces  of  slag  and 
broken  pots,  calcined  pipes  and  frag- 
ments of  the  furnaces,  which  are  con- 
verted by  the  fire  into  brick.  It  is 
curious  that  these  large  stone  sledge 
hammers  now  in  use,  are  not  called  by 
the  name  stone  hammers,  but  by  a  dis- 
tinct word  'kama;'  Nyunds  is  one  made 
of  iron.  The  people  say  they  were 
taught  to  smelt  iron  by  Chisumpi,  which 
is  the  name  of  Whelungu  (God),  and 
that  they  came  from  Lake  Nyassa, 
originally;  if  so  they  are  greatly  inferior 
to  the  Mangauja  on  the  lake  in  pottery." 

After  passing  a  village  named  Kany- 
enjere  Mponda,  he  mentions  that  he  saw 
fragments  of  titaniferous  iron  ore,  with 
hematite,  changed  by  heat,  and  mag- 
netic, lay  in  the  gully  near,  which  had 
worn  itself  a  channel. 

After  having  crossed  the  Kasamba,  he 
mentions  that  the  trees  were  much  used 
up  by  charcoal-burners,  who  in  all  in- 
stances were  smiths  too. 

At  a  later  date  a  hunting  party  came 
up  to  him,  consisting  of  men  and  women, 
and  the  men  were  furnished  with  big 
spears,  and  they  had  a  smith  with  them 
to  mend  any  spear  that  might  be  broken, 
and  further  he  says:  "We  now  come  to 
large  masses  of  hematite  which  is  fer- 
ruginous; there  is  conglomerate  too, 
many  quartz  pebbles  being  intermixed. 
It  seems  as  if,  when  the  lakes  existed  in 
the  lower  lands,  the  higher  levels  gave 
forth  great  quantities  of  water  from 
chalybeate  fountains,  which  deposited 
this  iron  ore.  Grey  granite  or  quartz 
with  talc  in  it,  or  gneiss  lie  under  the 
hematite." 

While  on  the  banks  of  the  Mabula,  a 
man  offered  him  a  thick  bar  of  copper 
for  sale,  "  a  foot  by  three  inches."     In 


Lobemba  we  have  this  note:  "A  great 
deal,  of  copper  wire  is  here  made,  the 
wire  drawers  using  for  one  part  of  the 
process  a  seven-inch  cable.  They  make 
a  very  fine  wire  and  it  is  used  chiefly 
as  leglets  and  anklets  ;  the  chiefs'  wives 
being  laden  with  them  and  obliged  to 
walk  in  a  stately  style  from  the  weight; 
the  copper  comes  from  Katanga." 

Approaching  Chibue,  he  states:  "  Marks 
on  masses  of  dolomite  elicited  the  infor- 
mation that  a  party  of  Loanda  smiths  • 
came  once  to  this  smelting  ground  and 
erected  their  works  here.  We  saw  an 
old  iron  furnace  and  masses  of  hematite, 
which  seems  to  have  been  the  ore  uni- 
versally used." 

The  natives  are  mentioned  as  fre- 
quently working  copper,  making  it  into 
ornaments  for  their  person.  Katanga 
seems  to  be  the  place  where  most  or  all 
of  this  is  found.  While  among  the 
Bangamwezi,  he  wTrote:  "They  use  a 
hammer  shaped  like  a  cone,  without  a 
handle.  They  have  both  kinds  of  bel- 
lows, one  of  goat  skin,  the  other  of 
wood,  with  a  skin  over  the  mouth  of  a 
drum,  and  a  handle  tied  to  the  middle  of 
it;  with  these  they  smelt  pieces  of  the 
large  bars  of  copper  in  a  pot  filled 
nearly  full  of  wood  ashes.  The  fire  is 
surrounded  by  masses  of  ant-hills,  and 
in  these  there  are  hollows  made  to  re- 
ceive the  melted  metal;  the  metal  is 
poured  while  the  pot  is  held  in  the 
hands,  protected  by  wet  rags." 

Dr.  Livingstone  gives  us  some  figures 
in  which  we  have  a  glimpse  of  the 
business  that  is  done  by  some  of  the 
traders  who  penetrate  the  interior  of 
Africa.  "  Syde  bin  Habib  is  said  to 
have  amassed  5,250  lbs.  of  ivory  and 
10,500  lbs.  of  copper;  with  one  hundred 
carriers  he  requires  four  relays,  or 
otherwise  makes  the  journey  four  times 
over  at  every  stage." 

Speaking  of  the  copper  at  Katanga 
he  says:  "  The  malachite  is  loosened  by 
fire,  then  dug  out  of  four  hills;  four 
manehs  of  the  ore  yield  one  maneh  of 
copper;  but  those  who  cultivate  the  soil 
get  more  wealth  than  those  who  mine 
the  copper." 

Notwithstanding  the  extremely  crude 
arrangements  that  the  natives  have  for 
converting  the  ore  into  malleable  iron, 
Livingstone  says  that  their  ornaments 
are  of    the   finest   quality  of    iron    and 
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"  were  they  nearer  Europe  they  would 
be  as  eagerly  sought  and  bought  as 
horse-shoe  nails  are  for  the  best  gun- 
barrels." 

"  Hassani,  with  ten  slaves,  dug  at  the 
malachite  mines  of  Katanga  for  three 
months  and  gained  3,500  lbs.  of  copper." 

After  having  met  Stanley,  he  writes: 
"The  cross  has  been  used — not  as  a 
Christian  emblem  certainly,  but  from 
time  immemorial,  as  the  form  in  which 
the  copper  ingot  of  Katanga  is  moulded: 
this  is  met  with  quite  commonly.  Our 
capital  letter  I  is  the  large  form  of  the 
bars  of  copper,  each  sixty  or  seventy 
pounds  in  weight,  seen  all  over  Central 
Africa  and  from  Katanga." 

In  1872  this  is  written:  "Glazed pipes 
and  earthenware,  used  in  smelting  iron, 
show  that  iron  was  smelted  in  the  re- 
motest ages  in  Africa.  These  earthen- 
ware vessels  and  fragments  of  others  of 
a  finer  texture  were  found  in  the  delta 
of  the  Zambesi  and  in  other  parts  in 
close  association  with  fossil  bones, 
which,    on    being    touched   by    tongue, 


showed  as  complete  an  absence  of  ani- 
mal matter  as  the  most  ancient  fossils 
known  in  Europe.  If  vitrified  iron, 
from  the  prodigious  number  of  smelting 
furnaces  all  over  the  country,  was 
known  from  the  remotest  times,  the 
Africans  seem  to  have  had  a  start  in  the 
race  at  a  time  when  our  progenitors 
were  grubbing  up  flints  to  save  a  miser- 
able existence  by  the  game  they  might 
kill.  Slave  trading  seems  to  have  been 
coeval  with  the  knowledge  of  iron." 

With  a  description  of  how  wire  is 
made,  both  from  iron  and  copper  by  the 
natives,  we  will  close:  "A  heavy  piece 
of  iron  with  a  funnel-shaped  hole  in  it, 
is  firmly  fixed  in  the  fork  of  a  tree.  A 
fine  rod  of  iron  is  then  thrust  into  it  and 
a  line  attached  to  the  first  few  inches 
which  can  be  coaxed  through.  A  num- 
ber of  men  haul  on  this  line,  singing 
and  dancing  in  time,  and  thus  it  is 
drawn  through  the  first  drill;  it  is  sub- 
sequently passed  through  others  to  ren- 
der it  still  finer,  and  excellent  wire  is  the 
result." 


THE  NARROW  GAUGE  IN  INDIA. 

From  "Engineering." 


The  more  determined  and  less  inform- 
ed opponents  of  narrow-gauge  railways 
have  never  scrupled,  nor  do  they  now 
scruple,  to  represent  or  mis-represent 
the  course  adopted  by  the  Indian  Gov- 
ernment in  altering  the  gauge  of  the 
Indus  Valley  and  Peshawur  or  "  frontier 
lines  "  as  implying  a  condemnation  of 
the  narrow-gauge  -system  in  its  entirety, 
so  far  as  India  is  concerned.  Indeed,  an 
allusion  to  the  change  of  guage  for  the 
above  lines,  in  a  recent  article  in  the 
Times,  has  been  taken  by  some  critics  as 
evidence  that  the  celebrated  "  meter- 
gauge"  State  railways  have  not  given 
satisfaction,  and  that  the  rails  are  to  be 
taken  up  and  relaid  to  the  five  feet  six 
inch  or  normal  gauge.  Such  an  assump- 
tion is  not  only  entirely  without  founda- 
tion, but  mischievous,  and  it  cannot 
therefore  be  too  emphatically  denied. 
We  have  reason  to  know  that  that  the 
decision  of  the  Indian  Government,  some 


half  dozen  years  ago,  to  adopt  a  narrow 
gauge  for  the  "  State  Railways "  has 
been  entirely  justified  by  the  results, 
and  that  nothing  is  further  from  their 
intentions,  now  they  have  had  the  ad- 
vantage of  the  experience  of  construct- 
ing and  working  many  hundreds  of  miles 
of  narrow-gauge  railways,  than  to  aban- 
don the  system  and  revert  to  the  origin- 
al costly  inconvenient  five  feet  six  inches 
gauge. 

It  is  true  that  one  of  Lord  Salisbury's 
earliest  official  acts  as  Secretary  of  State 
for  India  was  to  decree  the  reversion  of 
the  previous  decision  to  construct  the 
Indus  Valley  Railway  on  the  meter 
gauge.  It  is  true  also  that  his  lordship 
decided  that  the  line  between  Lahore 
and  Peshawur,  should  be  constructed  on 
the  standard  gauge  of  five  feet  six 
inches,  "if  considerations  derived  from 
the  advanced  state  of  the  works  "  should 
not,  in  the  opinion  of  the  Viceroy,  make 
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this  course  inexpedient.  It  is  true  that 
"as  soon  as  the  decision  to  alter  the 
gauge  for  the  Indus  Valley  Railway  was 
known  in  India,  steps  were  taken  for 
giving  effect  to  it,"  and  that  "  by  a  reso- 
lution passed  by  the  Governor-General 
in  Council  on  the  3d  August,  1874,  it 
was  decided  that  the  Punjab  Northern 
Railway  (Lahore  and  Peshawur)  should 
be  constructed  on  the  five  feet  six  men 
gauge,  light  rails  being  used,  and  certain 
works  being  so  executed  in  the  first  in- 
stance as  to  be  capable  of  being  subse- 
quently strengthened  and  made  uniform 
in  all  respects  with  the  Indus  Valley 
line."  It  is  not  true,  however,  that  the 
grounds  for  this  reversal  of  the  original 
decision  were  afforded  by  new  facts 
elicited  or  unexpected  disadvantages  ex- 
perienced in  the  practical  working  of  the 
meter-gauge  lines  ;  nor  is  it  to  be  as- 
sumed that  the  Indian  Government, 
after  mature  consideration  and  consulta- 
tion with  eminent  home  engineers,  delib- 
erately accepted  the  narrow-gauge  sys- 
tem as  offering  important  financial  and 
practical  advantages,  only  to  throw  it 
over  upon  the  first  slight  pressure  from 
without,  as  a  question  of  but  little 
practical  moment  after  all. 

The  sole  reason  for  the  reversal  of  their 
decision  in  the  solitary  instance  of  the 
u frontier  lines"  was  the  attachment  of 
greater  weight  to  the  political  and  mili- 
tary objections,  urged  from  the  first,  to 
the  break  of  gauge,  which  would  be  the 
necessary  consequence  of  the  adoption  of 
the  meter  gauge  in  this  instance.  Any 
saving  in  first  cost  and  subsequent  work- 
ing was  considered  to  be  perfectly  im- 
material in  comparison  with  imperial 
interests,  and  it  was  considered  by  the 
military  authorities  that  under  certain 
remote  contingencies  these  might  suffer 
if  a  break  of  gauge  occurred  at  Lahore.  ! 
It  should  not  be  forgotten  by  those  who  ' 
make  use  of  this  change  of  decision  on 
the  part  of  the  Indian  Government  as  an 
argument  against  narrow-gauge  railways, 
that  the  course  finally  adopted  by  the 
Government  is  precisely  in  accordance 
with  the  recommendations  of  Mr.  Fow- 
ler, whose  advice  they  sought  in  1870, 
previous  to  coming  to  their  first  decision 
to  adopt  the  meter  gauge  for  the  Indus 
Valley  and  Peshawur  lines.  In  his  re- 
port to  the  Secretary  of  State  for  India 
Mr.  Fowler  observes  :  "  Although  I  feel 


no  hesitation  as  to  the  best  gauge  to 
recommend  for  the  narrow-gauge  rail- 
ways in  India  wherever  it  is  thought 
proper,  on  a  full  consideration  of  all  the 
circumstances,  to  adopt  a  second  gauge, 
I  confess  to  a  difficulty  in  advising  as  to 
its  application  or  non-application  in  the 
particular  case  of  the  Indus  Valley, 
where  so  large  a  proportion  of  the  whole 
work  has  already  been  carried  out  on  the 
standard  gauge."  If  no  railways  had 
been  constructed  in  the  Indus  Valley, 
Mr.  Fowler  would  have  been  inclined  to 
recommend  a  narrow  gauge  line,  since 
"the  financial  saving  would  have  been 
accomplished  with  a  very  small  amount 
of  inconvenience,"  but  taking  things  as 
they  were,  the  necessity  of  laying  a  third 
rail  between  Mooltan  and  Lahore,  a 
distance  of  214  miles,  of  altering  the 
existing  line  between  Kurrachee  and 
Kotree,  and  of  providing  an  extra  supply 
of  narrow-gauo-e  stock  for  militarv  con- 
tingencies,  Mr.  Fowler  felt  no  hesitation 
in  advising  that  the  standard  gauge 
should  be  retained,  since  the  "  cost  of 
working  and  maintenance  will  (in  the 
peculiar  case  of  the  Indus  Valley)  be 
less,  the  commercial  convenience  for- 
through  traffic  will  be  greater,  and  in 
the  event  of  political  emergencies  it  can- 
not be  doubted  that  uniformity  of  gauge 
for  the  railways  near  the  Indian  frontier 
is  a  matter  of  very  considerable  import- 
ance." 

That  Mr.  Fowler  fully  appreciated  the 
economy  and  efficiency  of  the  narrow- 
gauge  system,  under  less  exceptional 
conditions,  is  sufficiently  evident  from 
the  fact  that  almost  contemporaneously 
with  this  report  to  the  Indian  Govern- 
ment, against  the  adoption  of  the  princi- 
ple in  the  instance  of  the  frontier  lines, 
he  advised  the  Khedive  to  construct  the 
proposed  500  or  600  miles  of  railway  in 
the  Soudan  upon  the  three  feet  six  inch 
gauge. 

It  is  clear  then  that  from  the  first  the 
Indian  Government,  swayed  alternately 
by  the  conflicting  opinions  of  their  civil 
and  military  advisers,  exhibited  much 
vacillation  in  respect  of  these  frontier 
lines,  although  no  question  has  ever  been 
raised  as  to  great  advantages  of  the  nar- 
row gauge  for  all  other  State  railways 
in  India.  It  is  no  less  certain  that  the 
final  decision  to  adopt  the  normal  gauge 
of  five  feet  six  inch  for  the  Indus  Valley 
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and  Peshawur  lines  was  based  entirely 
upon  Imperial  considerations,  and  had 
nothing  whatever  to  do  with  the  ques- 
tion of  narrow  ve7*sns  broad  guage  per  se. 
If  conclusions  arrived  at  upon  the  basis 
of  state  policy  and  military  contingencies 
are  to  be  taken  as  precedents  applicable 
to  ordinary  commercial  cases,  we  may 
shortly  expect  to  find  some  learned  pro- 
fessor demonstrating  the  incapacity  of 
our  shipbuilders,  because  they  continue 
to  build  iron  ships  for  the  mercantile 
marine  of  one-half  inch  plates,  although 
plates  of  twenty  times  that  thickness  are 
now  voted  too  thin  by  the  chief  con- 
structer  of  Her  Majesty's  Navy.  Such 
an  illogical  jumble  of  facts  and  deduc- 
tions would  be  entirely  in  harmony  with 
many  of  the  arguments  of  the  detractors 
of  narrow-gauge  railways. 

It  has  even  been  attempted  to  draw 
inferences  adverse  to  the  narrow  gauge 
from  a  comparison  of  the  traffic  receipts 
on  different  lines  !  What  a  conclusive 
argument  these  gentlemen  would  have 
had  if  the  Great  Indian  Peninsula  had 
only  been  on  the  meter  gauge.  That 
railway  is  precisely  similar,  as  regards 
gauge  and  length,  to  the  main  line  of 
the  East  Indian,  that  is  to  say  both  lines 
are'  on  the  five  feet  six  inch  gauge  and 
1280  miles  long.  The  gross  expenditure 
in  1874  on  each  was  about  £1,100,000, 
but  the  net  receipts  on  what  might  have 
been  a  narrow-gauge  line  was  only 
£755,000,  as  compared  with  £2,062,000 
on  the  other  line  of  equal  length.  The 
East  Indian  expended  6.66d.  per  train 
mile  in  maintenance  and  renewal  of  way 
and  works,  the  Great  Indian  Peninsula 
16.42d.  whilst  the  cost  of  locomotive 
power  on  each  line  respectively  was 
10.63d.  and  23.53d.  Had  there  been  a 
difference  of  gauge  how  much  of  this  ex- 
cess of  cost  would  some  theorists  have 
attributed  to  the  smaller  diameter  of 
wheels  or  the  narrow  guage  ?  The  lat- 
ter point  has  been  seriously  urged  as  an 
important  set-off  against  the  smaller  first 
cost  of  a  narrow-gauge  line.  We  would 
refer  those  interested  in  the  subject  to  a 
Table  in  one  of  our  articles  on  Urban 
Railways,  in  which  the  coal  consumption 
per  ton  mile  in  remote  and  recent  times 
is  set  forth.  One  pound  of  coal  per 
mile  in  a  good  locomotive  will  maintain 
an  average  tractive  force  of  100  lbs.,  and 
consequently  if   we  know  the  consump- 


tion per  ton  per  mile  in  pounds  we  also 
know  the  effective  mean  tractive  force 
or  mean  friction  per  ton,  since  it  will  be 
one  hundred  times  the  coal  consumption. 
Glancing  now  at  the  Table  previously 
referred  to  and  multiplying  the  last  col- 
umn by  100,  we  find  that  the  mean  effect- 
ive friction  per  ton — including  brakes 
and  all  other  sources  of  loss — averaged 
eighteen  pounds,  in  the  instance  of  some 
one  thousand  million  train-mile  tons  on 
the  Great  Northern  Railway,  and  amounts 
ranging  from  eleven  pounds  to  twenty- 
three  pounds  in  other  instances.  It  is 
obvious,  therefore,  that  any  increase  of 
fractional  resistance  which  could  result 
from  the  smaller  wheels  of  ordinary  nar- 
row-gauge stock  would  affect  the  tractive 
force  far  less  than  might  at  first  sight  be 
supposed.  An  increase  of  twenty-five 
per  cent,  in  the  journal  friction  would  be 
only  one  pound  per  ton,  which  we  now 
see  would  be  an  increase  of  Ath  only  in 
the  average  tractive  force  on  the  Great 
Northern  Railway.  Hence,  even  with- 
out making  any  allowance  for  lighter 
stock,  the  apparent  disadvantage  of 
smaller  wheels  becomes  utterly  inappre- 
ciable in  the  total  traffic  charges.  Re- 
ducing it  to  a  money  value,  and  express- 
ing the  t7ieoretical  increase  in  thousandths 
of  a  penny  per  ton  per  mile,  it  will  be 
seen  that  within  practical  limits  the  di- 
ameter of  wheel  may  be  introduced  into 
gauge  discussions  about  as  wisely  and 
usefully  as  the  uniform  of  the  railway 
staff,  or  any  other  trifling  detail  which 
lying  on  the  surface  engrosses  at  once 
the  attention  of  superficial  observers  to 
the  great  amusement  of  practical  engi- 
neers and  responsible  railway  men. 


Gee  at  activity  is  being  shown  in  the 
extension  of  the  quarrying  operations  in 
the  north  along  the  course  of  the  Great 
Whinstone  Dyke,  in  consequence  of  the 
largely  increased  demand  for  paving 
"setts"  and  other  material  for  street 
and  road  formation  purposes.  The  large 
quarries  at  Middleton  in  Teesdale  and 
near  Barnard  Castle  are  fully  employed  ; 
briskness  characterises  the  work  carried 
on  similarly  at  the  quarries  of  the  Leeds 
Corporation  as  well  as  the  private  quar- 
ries in  the  Ayton  district,  and  the  same 
remark  may  be  applied  to  those  at  Glais- 
dale  and  at  Kildale. 


MEASUREMENT. 
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MEASUREMENT.* 

By  Sir  JOSEPH  WHITWOETH,  D.  C.  L.,  F.  R.  S. 


From  "Iron. 


The  two  great  elements  in  mechanics 
are  the  power  of  measurement  and  the 
true  plane.  The  measuring  machines 
which  I  have  constructed  are  based  up- 
on the  production  of  the  true  plane. 
Measures  of  length  are  obtained  either 
by  line  or  end  measurement.  The  Eng- 
lish standard  yard  is  represented  by  two 
lines  drawn  across  two  gold  studs  sunk 
in  a  bronze  bar  about  thirty-eight  inches 
long,  the  temperature  being  at  sixty-two 
degrees  Fah.  There  is  an  insurmounta- 
ble difficulty  in  converting  line  measure 
to  end  measure,  and  therefore  it  is  most 
desirable  for  all  standards  of  linear 
measure  to  be  end  measure.  Line  meas- 
ure depends  on  sight,  aided  by  magnify- 
ing glasses  ;  but  the  accuracy  of  end 
measure  is  due  to  the  sense  of  touch,  and 
the  delicacy  of  that  sense  is  indicated  by 
means  of  a  mechanical  multiplier. 

In  the  case  of  the  workshop  measuring 
machine,  the  divisions  on  the  micrometer 
wheel  represent  10,000ths  of  an  inch. 
The  screw  has  twenty  threads  to  an  inch, 
and  the  wheel  is  divided  into  500,  which, 
multiplied  by  twenty,  gives  for  each  di- 
vision the  10,000th  of  an  inch.  We  find 
in  practice  that  the  movement  of  the 
fourth  part  of  a  division,  being  the 
40,000th  of  an  inch,  is  distinctly  felt  and 
gauged.  In  the  case  of  the  millionth 
machine,  we  introduce  a  feeling  piece 
between  one  end  of  the  bar  to  be  meas- 
ured and  one  end  of  the  machine,  and 
the  movement  of  the  micrometer  wheel 
through  one  division,  which  is  the 
millionth  of  an  inch,  is  sufficient  to  cause 
the  feeling  piece  to  be  suspended  or  to 
fall  by  its  gravity. 

The  screw  in  the  machine  has  twenty 
threads,  which  number,  multiplied  by 
200 — the  number  of  teeth  in  the  screw 
wheel — gives  for  one  turn  of  the  micro- 
meter wheel  the  4,000th  of  an  inch, 
which,  multiplied  by  250 — the  number 
of  divisions  on  the  micrometer  wheel — 
gives  for  each  division  one  millionth  of 
an  inch.     The  sides  of  this  feeling  piece 


*  A  paper  read  at  tlie  conference  of  the  Exhibition  of 
Scientific  Instruments  at  South  Kensington,  in  explana- 
tion of  the  measuring  machine  .and  appliances  exhibited. 


are  true  planes  parallel  to  each  other, 
and  the  ends  both  of  the  bars  and  the 
machine  are  true  planes  parallel  to  each 
other,  and  at  right  angles  to  the  axis  of 
the  bar  ;  thus  four  true  planes  act  in 
concert.  In  practice  we  find  that  the 
temperature  of  the  body  exercises  an 
important  influence  when  dealing  with 
such  minute  differences,  and,  practically, 
it  is  impossible  to  handle  the  pieces  of 
metal  without  raising  the  temperature 
beyond  sixty-two  degrees.  I  am  of 
opinion  that  the  proper  temperature 
should  be  approaching  that  of  the  human 
body,  and  I  propose  that  eighty-five 
degrees  Fah.  should  be  adopted,  and 
that  the  standards  and  measuring  appli- 
ances should  be  made  and  kept  in  a  room 
at  a  uniform  temperature  of  eighty-five 
degrees  Fah. 

In  many  workshops  we  hear  the  work- 
men speak  in  such  vague  terms  as  a  bare 
sixteenth  or  full  thirty-second,  but  mi- 
nute and  accurate  measurement  requires 
to  be  expressed  in  decimals  of  an  inch. 
In  1857,  when  President  of  the  Institu- 
tion of  Mechanical  Engineers,  I  read  a 
paper  on  standard  decimal  measures  of 
length,  and  I  am  happy  to  say  that  since 
that  period  the  decimal  system  has  been 
introduced  to  a  certain  extent  in  many 
engineers'  works,  but  it  is  still  far  from 
being  universal. 

In  the  manufacture  of  our  standard 
gauges,   the   workmen    measure  to   the 

th  of  an  inch,  and  these  measures 

20,000  ' 

are  as  familiar  and  appreciable  as  those 
of  larger  dimensions.  As  an  illustration 
of  the  importance  of  very  small  differen- 
ences  of  size,  I  have  here  cylindrical 
standards  with  a  difference  of  the  ten- 
thousandth  of  an  inch.     It  is  therefore 

obvious  that  a  difference  of  — — — -  th  of 

10;000 

an  inch  is  an  appreciable  and  important 

quantity. 

It  will  be  once  conceded  that  the  only 

scale  of  measurement  which  can  be  used 

for   such   small   differences   must  be   a 

decimal  one.     For  many  years  the  deci- 
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mal  system  has  been  in  use  at  our  works, 
taking  the  inch  as  the  unit,  and  the 
workmen  think  and  speak  in  tenths, 
hundredths  and  thousandths  of  an  inch. 

It  is  of  great  importance  to  the  manu- 
facturer to  have  the  means  of  referring 
to  an  accurate  fixed  measure,  as  it  will- 
enable  him,  at  any  time,  to  reproduce  a 
facsimile  of  what  he  has  once  made,  and 
so  preserve  a  system  of  sizes  of  the  fitting 
parts  unaltered. 

The  great  value  of  the  workshop  meas- 
uring machine  is  making  different  gauges. 
Every  external  diameter  having  to  work 
in  an  internal  diameter  should  have  a 
certain  difference  of  size  ;  and  close  ob- 
servation and  experience  can  alone  de- 
termine what  this  difference  of  size 
ought  to  be.  Take,  for  instance,  a  rail- 
way axle  ;  if  the  bearing  in  which  it  has 
to  work  be  too  small,  the  heating  of  the 
axle  by  rapid  rotation  will  be  the  conse- 
quence ;  if,  on  the  other  hand,  the  bear- 
ing be  too  large,  it  will  be  sooner  worn 
out. 

It  is  therefore  most  important,  when 
rapid  revolutions  and  great  strains  have 


to  be  undergone,  that  the  proper  differ- 
ence of  size,  when  once  ascertained  by 
experience,  should  be  strictly  adhered  to. 

In  the  manufacture  of  axles  there 
should  be  two  gauges  used,  the  axle 
being  made  to  the  standard  gauge  and 
the  bearing  bored  out  to  fit  a  difference 
gauge,  which  has  to  be  as  much  larger 
as  experience  has  found  to  be  necessary, 
according  to  the  conditions  under  which 
the  axle  has  to  work.  Hence,  every 
manufacturer,  should  be  in  a  position  to 
manufacture  his  own  difference  gauges. 
Fifty  years  ago  the  thousands  of  spin- 
dles in  a  cotton  factory  had  each  to  be 
separately  fitted  into  the  bolster  in  which 
it  had  to  work.  At  the  present  time  all 
these  spindles  are  made  to  gauge,  and 
are  interchangeable. 

It  cannot  be  impressed  too  forcibly, 
both  upon  the  student  in  mechanics  and 
upon  the  workman,  that  accuracy  of 
measurement  is  essential  for  good  and 
efficient  workmanship,  and  that  it  tends 
to  economy  in  all  branches  of  manufac- 
ture, so  as  to  have  the  parts  interchange- 
able. 


THE  STRENGTH  OF  BOILERS. 


From  "Engineering." 


In  our  notice  of  the  burstings  of  the 
Manchester  Steam  Users'  Association's 
experimental  boiler  in  our  number  for 
March  24th  last,  we  referred  to  the  pub- 
lication of  the  details  of  these  experi- 
ments as  a  fitting  addition  to  the  works 
written  by  Sir  William  Fairbairn,  the 
founder  of  that  Association,  than  whom 
no  one  would  have  been  more  ready  to 
welcome  the  results  obtained.  Viewing 
these  experiments,  and  Mr.  Fletcher's 
able  exposition  of  them  as  in  some  de- 
gree a  posthumous  chapter  of  Fairbairn's 
"  Useful  Information,"  it  may  be  instruct- 
ive to  compare  the  principles  of  boiler 
strength  now  enunciated  by  the  chief 
engineer  of  the  Manchester  Steam  User's 
Association  with  those  so  ably  advocated 
by  Sir  William  Fairbairn,  and  which  are 
to-day  professedly  the  groundwork  of 
all  boiler  construction  in  every  country. 

"  Useful  Information  for  Engineers," 


first  series,  contains  Mr.  Fairbairn's 
report  on  the  Rochdale  explosion,  where- 
in he  recommends  the  formation  of  an 
Association  for  tj^e  prevention  of  steam 
boiler,  explosions,  and  such  an  Associa- 
tion was  accordingly  instituted  in 
January,  1855,  and  it  still  exists  as  the 
Manchester  Steam  Users'  Association. 
The  principles  of  boiler  strength  given 
in  the  volume  just  mentioned  are  there- 
fore presumably  those  at  first  adopted 
by  the  new  Association.  Quoting  from 
the  fourth  edition,  corrected,  date  1864, 
page  52:  "Every  description  of  boiler 
used  in  manufactories,  or  on  board  of 
steamers,  should,  in  my  opinion,  be  con- 
structed to  a  bursting  pressure  of  400  lbs. 
to  500  lbs.  on  the  square  inch;  and  loco- 
motive engine  boilers,  which  are  sub- 
jected to  a  much  severer  duty,  to  a 
bursting  pressure  of  700  lbs.  to  800  lbs." 
All    through    Fairbairn's     writings    on 
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boiler  strength  we  have  it  repeated  that 
every  boiler  should  be  constructed  to  a 
bursting  pressure  not  less  than  4  50  lbs. 
on  the  square  inch.  For  what  working 
pressure  is  this  bursting  strength  in- 
tended? At  page  55  he  says,  "All 
these  accidents  might  be  prevented,  and 
instead  of  using  steam  which  we  now  do 
in  our  manufactories  at  a  pressure  of 
five  to  twenty  pounds  on  the  square 
inch,  we  might  with  equal  safety  use  it, 
and  enjoy  the  advantage  of  its  superior 
economy  at  sixty  pounds  on  the  square 
inch."  Here  then  we  find  that  for  the 
then  common  pressure  of  twenty  pounds 
per  square  inch  in  steamers  and  in  manu- 
factories Mr.  Fairbairn  advocates  a 
bursting  strength  of  at  least  400  lbs.  per 
square  inch,  that  is,  a  factor  of  twenty. 
At  page  81  he  gives  a  less  margin;  he  is 
there  defining  the  very  least  he  would 
consider  could  be  safely  worked  with 
intelligent  supervision;  he  says:  "It 
would  be  a  matter  of  paramount  im- 
portance to  the  public,  if  men  combining 
the  greatest  practical  skill  with  the 
highest  scientific  attainments  would 
direct  their  attention  to  the  subject,  and 
give  to  the  public  such  security  in  the 
construction  of  boilers,  as  to  insure 
them  capable  of  bearing,  under  the  most 
unfavorable  circumstances,  at  least  six 
times  their  working  pressure." 

To  have  still  a  factor  of  safety  of  six 
under  the  most  unfavorable  circum- 
stances requires,  of  course,  a  higher 
factor  of  construction,  for  which  the 
calculation  supposes  every  part  to  come 
fairly  up  to  its.  proper  portion  of 
strength,  and  that  the  workmanship  and 
material  are  in  every  respect  perfection. 

Collateral  with  these  statements  by 
Fairbairn,  we  find  that  Fairbairn's  prin- 
ciples have  been  accepted  as,  at  least,  a 
calculated  factor  of  safety  equal  to  eight 
to  allow  for  this  factor  of  six  under  the 
most  unfavorable  circumstances.  This 
is  stated  by  Rankine  in  "Applied  Me- 
chanics," year  1858,  at  page  297.  "The 
proper  factor  of  safety  is  eight,  as  for 
other  parts  of  boilers."  This  is  no 
doubt  in  accordance  with  Mr.  Fairbairn's 
opinion  as  to  what  should  be  the  factor 
of  safety,  allowing  for  deterioration  and 
imperfections.  In  Rankine's  "  Marine 
Steam  Engineering,"  in  "  Shipbuilding," 
at  page  291,  he  says:  "  For  cylindrical 
boiler  shells,  the  factor  of  safety  is  from 


six  to  eight,"  and  "  as  the  bursting  press- 
ure should  be  six  times  the  working 
pressure,  the  testing  pressure  should  be 
between  twice  and  three  times  the  work- 
ing pressure." 

To  understand  this  we  must  dis- 
tinguish between  the  calculated  factor 
of  safety  and  the  ratio  of  the  bursting 
pressure  to  the  working  pressure.  It 
seems  to  be  considered  that  to  insure 
that  the  latter  ratio  shall  not  exceed  six, 
"  under  the  most  unfavorable  circum- 
stances," the  calculated  factor  of  safety 
of  the  construction  should  be  not  less 
than  eight.  In  these  remarks  we  are 
not  giving  our  own  thoughts  on  the 
subject,  but  merely  what  appears  to  us 
to  have  been  the  position  of  the  question 
in  the  minds  of  these  two  eminent 
engineers,  Fairbairn  and  Rankine. 

In   our   notice    last   week  of  the    dis- 
cussion that  followed  the  reading  of  Mr. 
j  Fletcher's  paper  at  the  recent  meeting  of 
the  Institution  of  Mechanical  Engineers 
I  last  week,  we  observed  that  Mr.  Fletcher 
stated   that    "  In  the   absence  of    more 
complete   experiments   he  thought  that 
I  the   present   partial    ones    were    ample 
■  justification  for   continuing   the  system 
j  of  calculation  of  boiler  shells,  which  he 
j  has  for  a  long  time  adopted,  viz.,  mak- 
j.ing  the  factor  of  safety  four,  and  calcu- 
I  lating  each  joint  separately,  not  making 
I  any  allowance  for  breaking  joints,  &c., 
j  as  has  been  commonly  done  in  a  sonie- 
!  what  uncertain  way."     In  recording  the 
j  advancement  of  engineering  knowledge 
we  are  here  brought  face  to  face  with  a 
very  big  step  that  has  been  taken  " a 
long  time  since"  by  the  chief  engineer 
of   the  Manchester  Steam  Users'  Asso- 
ciation.     It    would    be    interesting    to 
know   whether   Sir    William    Fairbairn 
took  this  step  forward  at  the  same  time 
as  Mr.  Fletcher,  or  whether  he  ever  took 
it    at    all.     The    alteration    amounts   to 
nearly  doubling  the  working  pressure  in 
all  boilers  constructed  according  to  Fair- 
bairn's   professed     opinions    of    safety. 
Such     an    advancement   deserves    more 
than  a  mere   statement  of  having  been 
adopted    a   long   time   by  those   whose 
practice  has  been  the  accepted  precedent 
for   prudent    manufacturers.     It    would 
have   been  much    more    satisfactory  to 
have  had  Fairbairn's  own  statement  to 
the  public,  that  whereas  he  had  all  along 
publicly  advocated  that  boilers  even  at 
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twenty  pounds  working  pressure  ought 
to  be  made  for  a  bursting  pressure  not 
less  than  400  pounds,  and  that  under  the 
most  unfavorable  circumstances  there 
ought  to  be  at  least  a  factor  of  six  be- 
tween the  pressure  which  the  boiler 
would  actually  burst  at  and  the  working 
pressure,  he  had  now  froijl  the  experi- 
ence of  the  Manchester  Steam  Users' 
Association  become  convinced  that  a 
factor  equal  to  four,  neglecting  the 
crossing  of  the  seams,  was  practically 
an  ample  margin  of  safety;  or  that  a 
boiler  calculated  to  burst  at  320  lbs.,  is 
what  can  safely  be  employed  for  a  work- 
ing pressure  of  seventy-five  pounds  on 
the  square  inch. 

We  do  not  object  to  the  new  and 
more  confident  view  of  boiler  strength; 
we  think,  however,  that  the  change  in 
the  opinions  held  by  the  Manchester 
school  of  boiler  designers  ought  to  be 
made  more  patent  to  all  concerned,  and 
therefore  we  write  now  to  draw  atten- 
tion to  the  fact.  We  hope  that  the 
boiler  inspectors  of  the  different  asso- 
ciations will  either  adopt  the  new  prin- 
ciples of  strength,  and  so  promote 
reasonable  uniformity  of  practice,  or 
that  those  who  object  to  do  so  will  at 
once  give  their  reasons  for  holding  back. 

The  new  factor  is  given  as  four,  neg- 
lecting the  crossing  of  the  seams  and 
other  minor  considerations.  The  value 
of  these  will  depend  in  a  great  measure 
upon  the  breadth  of  the  plates,  and  will 
be  about  the  same  for  plates  of  about 
the  same  thickness  in  similarly  con- 
structed boilers.  In  Fairbairn's  system 
of  calculation,  the  boiler  shell,  with 
plates  of  about  the  same  thickness  as 
the  experimental  boiler — viz.,  seven- 
sixteenth  inch — was  taken  as  being,  on 
the  whole,  stronger  than  the  mere  seam 
by  one-fourth  of  the  difference  between 
the  strength  of  the  seam,  per  se,  and  the 
strength  of  the  solid  plate.  The  strength 
of  the  plate  at  the  seam  is,  in  the  ex- 
perimental boiler,  sixty-seven  per  cent. 

.   ,          K     100-67       .- 
on  the  straight ;  67  -\ — -  =  75^  per 


cent.     We  have  therefore, 
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nearly,  as  the  factor,  including  the  same 
proportion  of  additional  strength  for  the 
crossing  of  the  seams  as  is  allowed  in 
Fairbairn's  calculations.    We  have  there- 


fore four  and  a-half  virtually  substituted 
for  eight,  because  the  four  and  a-half  is 
taking  the  most  favorable  circumstances, 
not  "  the  most  unfavorable,"  as  Fairbairn 
has  it,  for  the  "  at  least  six."  The  boiler 
actually  gave  way  at  310  lbs.,  or  at,  say, 
four  and  one-seven  times  the  intended 
working  pressure,  viz.,  seventy-five  lbs.    ■ 

It  is  principally  with  reference  to  ma- 
rine boilers  that  the  proposed  decrease  of 
the  factor  will  be  considered  as  perhaps 
authorizing  an  increase  of  working  press- 
ure. Comparing  the  above  with  a  ma- 
rine boiler  of  twelve  feet  diameter,  made 
of  three-fourth  in.  plates,  and  passed  for 
sixty-two  and  one-half  lbs.  on  the  square- 
inch  working  pressure,  we  may  learn 
what  is  the  amount  of  discrepancy  be- 
tween the  sanctioned  pressures  at  sea 
and  those  sanctioned  by  the  careful  ex- 
periments of  the  chief  engineer  of  the 
Manchester  Steam  Users'  Association. 

In  the  above  example  we  find  that  the 
thickness  of  the  boiler  plate  written  in 
decimal  parts  of  an  inch  divided  by  the 
diameter  in  feet  gives  the  pressure  allow- 
ed, neglecting  the  decimal  points  or  mul- 
tiplying by  1000. 

75 
1—  =.0625  or  62-J  lbs.  pressure. 

i  _ 

In  the  experimental  boiler  we  have  a 
plate  y6  in.  =  .4375,  the  diameter  of  the 
boiler  is  seven  feet. 

-^  =  .0625  or  62J  lbs. 

7 

We  have,  therefore,  this  result,  that 
the  pressure  allowed  proportionately  to 
the  section  of  the  shell  is  in  the  marine 
boiler  sixty-two  and  one-half  lbs.  for  a 
boiler  that  if  of  seven-sixteen  in.  plates, 
and  only  seven  feet  in  diameter  would  be 
allowed  seventy-five  lbs.  as  a  land  boiler 
by  the  Manchester  Steam  Users'  Associa- 
tion. 

In  the  discussion  it  was  stated  that  to 
get  the  required  pressure,  marine  boilers 
were  now  made  one  and  one-fourth  in. 
and  even  one  and  five-sixteen  in.  thick, 
and  that  such  plates  made  boilers  pro- 
portionately weaker  than  if  of  thinner 
plates.  There  is  no  doubt  some  truth  in 
this  statement,  and  if  so  the  pressures 
allowed  should  be  something  less  than 
proportional  to  the  thickness  of  the 
plates  when  these  are  doubled  or  treb- 
led in  thickness.  In  the  marine  boiler 
we  have  cited  as  an  example  of  present 
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practice,  the  pressure  allowed  is  directly 
proportionate  to  the  thickness  of  the 
plates,  and  inversely  as  the  diameter  of 
the  shell,  and  if  the  strength  of  the  land 
boiler  is  calculated  by  the  same  rule,  the 
one  boiler  should  have  the  same  pressure 
as  the  other.  But  the  land  boiler  which 
is  of  seven-sixteen  in.  plates  is  really  al- 
lowed seventy-five  lb,  while  the  marine 
boiler,  which  is  of  three-quarter  in. 
plates,  is  allowed  sixty-two  and  a  half 
lbs.  The  land  boiler  is  not  allowed  a 
steam  chest  ;  the  marine  boiler  referred 
to  is  also  without  a  steam  chest.  We 
have  taken  the  first  marine  boiler  that 
came  to  our  hand  because  it  is  not  an 
old  one,  and  because,  accidentally,  it 
coincides  so  exactly  with  the  experimen- 
tal boiler.  Looking  at  the  result  of  this 
experiment  in  boiler  bursting  and  giving 
due  weight  to  all  that  Mr.  Fletcher  has 
so  ably  set  before  us,  and  to  the  impres- 
sion we  have  that  very  thick  plates  do 
not  give  proportionately  as  much  strength 
in  boiler  shells  as  thin  ones  do,  we 
cannot  see  that  the  Avorking  pressure 
of  marine  boilers  of  the  very  best  con- 
structions can  safely  be  allowed  to  be 
more  than  is  obtained  by  dividing  1000 
times  the  thickness  in  inches  of  the  plate 
of  the  shell  by  the  inside  diameter  of  the 
boiler  in  feet,  which  is  exactly  the  press- 
ure allowed  in  the  marine  boiler  referred 
to. 

There  is  another  principle  of  strength 
of  boilers  that  is  connected  with  the 
name  of  Fairbairn,  the  collapsing  press- 
ure of  circular  flues.  The  formula  given 
by  Fairbairn  for   practical   purposes   is 

C2 
P=S06,300  j-^-,  where  C  is  the  thick- 
ness of  the  plates  in  inches,  D  the  diame- 
ter of  the  flue  in  inches,  L  the  length  in 
feet,  and  P  the  collapsing  pressure.  The 
experiments  from  which  this  remarkable 
law  was  deduced  by  Sir  William  Fair- 
bairn and  for  which  he  has  so  deservedly 
received  so  much  praise,  were  twenty- 
two  in  number.  Verifying  the  constant 
in  the  above  formula  in  the  Table  he  has 
given  of  the  detailed  results  of  these  ex- 
periments, we  find  that  the  following  are 
the  constants  agreeing  with  the  individual 
experiments  :  (See  Table  next  column.) 
But  Mr.  Fairbairn  gave  it  not  as  465,- 
314  but  as  806,300  or  seventy-one  per 
cent,  more  than  his  own  experiment  gave 
on  the  average. 


510,540? 

508,300 

450,000 

356,900 

510,540? 

502,900 

447,080 

64<-,500 

510,540? 

474,600 

428,100 

370,900 

468,700 

474,600 

446,100 

535,100 

444,680 

510,540 

353,790 

465,100 

421,800 

405,600 

22)  10,236  910 

465,314 

The  explanation  of  this,  what  shall  we 
call  it? — mistake?  made  by  Fairbairn, 
tacitly  adopted  by  engineers  since  1858, 
when  the  experiments  were  described  in 
the  Transactions  of  the  Royal  Society,  is 
a  very  simple  one.  Fairbairn's  experi- 
ments were  principally  made  with  very 
thin  tubes,  nineteen  of  the  twenty-two 
experiments  were  on  tubes  only  .043  in. 
in  thickness.  In  giving  up  the  .19  of 
the  2.19  power  which  he  gave  as  the  ex- 
act result,  he  virtually  altered  the  press- 
ure by  a  multiplyer  equal  to  .043*19, 
which  happens  to  be  equal  to  .55.  The 
liberty  taken  with  the  fractional  part  of 
the  index  amounted  in  nineteen  of  the 
twenty-two  examples  to  substituting  100 
for  55.  This  seems  to  have  been  first  de- 
tected by  the  Board  of  Trade  engineers, 
and  in  this  way  perhaps  may  the  discrep- 
ancy between  their  rule  and  that  hither- 
to in  use  as  Fairbairn's  practical  formula 
be  accounted  for. 


A  company  has  been  incorporated  to 
construct  a  railway  from  Newport — the 
junction  of  the  Ryde,  Newport,  and  Cowes 
Railway  Company,  and  Isle  of  Wight 
Newport  Junction  Railway  Company — 
to  Yarmouth  and  Freshwater,  with 
power  to  make  agreements  with  the 
companies  for  traffic  arrangements.  At 
present  the  only  railway  communications 
in  the  Isle  of  Wight  are  in  the  eastern 
half  of  the  island.  The  proposed  Fresh- 
water, Yarmouth,  and  Newport  Railway, 
twelve  miles  in  length,  is  a  continuation 
or  extension  of  all  these  lines,  which 
center  and.  form  a  junction  with  it  at 
Newport,  and  thus  this  line,  which  will 
run  due  west,  brings  the  north,  south, 
and  east  of  the  island  in  direct  com- 
munication with  the  west,  the  four  lines 
above  mentioned  being  feeders  to  it. 
The  line  will  run  through  Newport, 
Carisbrook,  Calbourne,  Shalfleet,  Thor- 
ley,  Bouldnor,  Yarmouth,  Freshwater; 
and  hereafter  may  be  extended  to  Alum 
Bay,  2j  miles  west  of  Freshwater. 
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SEWAGE  TREATMENT. 

By  Capt.  L.  FLOWER,  Sanitary  Engineer,  Lee  Conservancy  Board,  &c. 
From  "Journal  of  the  Society  of  Arts." 


The  Committee  of  the  Sewage  Con- 
ference having  honored  me  by  a  request 
that  I  would  contribute  a  paper  on  this 
very  important  subject,  involving  as  it 
does  the  purity  of  the  water  supply  of  a 
considerable  portion  of  London,  I  can- 
not do  better  than  give  as  briefly  as  pos- 
sible some  notes  made  during  the  last 
few  years  on  the  watershed  of  the  Lee, 
which,  extending  over  an  area  of  600 
square  miles,  and  having  a  population  of 
nearly  750,000  persons,  'has  been  during 
five  years  past  under  my  sole  charge,  so 
far  as  the  pollution  of  the  water  is  con- 
cerned, and  I  believe  I  may  say  I  am  the 
first  appointed  and  only  officer  in  charge 
of  an  entire  watershed  area  in. the  Unit- 
ed Kingdom. 

I  must,  however,  state  very  distinctly, 
that  my  Board  being  very  peculiarly 
placed,  must  not  be  considered  to  be 
bound  by  any  opinion  I  may  venture  to 
express  in  this  paper  ;  as  at  present  ad- 
vised it  refuses  to  approve  of  anything, 
it  merely  points  out  pollution,  and  orders 
abatement  thereof. 

In  view  of  the  general  purification  of 
rivers,  it  is  a  matter  of  discussion  wheth- 
er such  a  line  of  action  is  or  is  not  one 
which  tends  to  the  consummation  of  the 
purpose  for  which  such  Boards  may  in 
future  be  appointed  ;  personally  I  have 
an  idea  that  it  would  be  well  not  to  draw 
so  fine  a  line,  and  that  a  little  encourage- 
ment should  occasionally  be  given  to 
willing  local  authorities.  I  do  not  think 
that  Boards  should  identify  themselves 
with  any  one  special  system  of  sewage 
disposal  to  the  exclusion  of  all  others, 
because  experience  teaches  that  no  one 
process  exists  which  is  applicable  to  all 
cases  alike,  any  more  than  that  any  one 
specific  will  cure  all  diseases.  Each  case 
is  governed  by  the  chemical  condition  of 
its  sewage  and  the  topographical  position 
of  its  locality.  Many  schemes  for  the 
disposal  of  sewage  have  been  tried,  and 
some  successfully  so,  in  this  watershed. 
It  was  proposed  some  time  since  that  a 
general  system  of  drainage  should  be 
adopted,  the  sewage  of  the  valley  con- 
centrated at  one  point,  and  run  into  the 


Thames  ;  I  must  say  I  am  not  an  advo- 
cate for  such  a  mode  of  disposal.  I 
think  it  is  a  weak  way  of  looking  at  the 
question,  and  when  I  find  engineers  and 
others  of  eminence  advocating  the  run- 
ning out  of  all  this  abomination  into 
deep  water,  and  so  hoping  to  see  the 
last  of  it,  I  ask,  are  these  the  English- 
men of  whom  it  is  said  that  the  word 
"  impossible  "  exists  not  in  their  vocabu- 
lary, and  are  these  of  the  same  nationali- 
ty as  the  men  who,  by  boldly  grappling 
and  overcoming  co-called  "  difficulties," 
have  made  the  name  of  Great  Britain 
respected  throughout  the  globe  ?  Such 
"  heroic  treatment,"  to  borrow  an  expres- 
sion from  a  recent  report  on  the  Thames 
Valley,  is  not  applicable  to  the  valley  of 
the  Lee.  It  is  much  easier  to  dispose  of 
small  volumes  of  sewage  than  an  aggre- 
gated quantity,  and  as  there  must  be 
some  value  in  the  deposit,  even  if  only 
used  to  raise  low-lying  ground,  why 
throw  it  away,  and  allow  it  to  silt  up  our 
rivers  and  pollute  our  sea  frontages? 
Once  cast  a  thiag  into  the  sea,  and  who 
can  say  where  it  shall  turn  up  again. 

In  considering  the  pollutions  of  the 
River  Lee,  I  shall  confine  my  remarks 
almost  entirely  to  water-carried  sewage. 
Dry  systems  of  disposal  do  not  exist  to 
any  material  extent  in  my  jurisdiction. 

So  far  as  pollution  of  the  water  goes, 
we  may  begin  with  Luton,  which  has  a 
population  of  about  20,000,  and  is  situ- 
ated close  to  the  source  of  the  Lee  prop- 
er. Large  quantities  of  chemical  mat- 
ter, used  in  bleaching  and  dyeing  straw- 
plait,  mix  with  the  sewage  of  a  portion 
of  this  town,  and  are  led  to  a  point, 
where,  in  consequence  of  a  compromised 
litigation  with  a  large  landowner,  the 
sewage  is  subjected  to  a  liming  process, 
and  then  passed  to  the  Lee.  The 
"  tanks  "  so  called  are,  with  the  excep- 
tion of  a  very  small  portion,  only  "beds" 
dug  into  the  chalk.  These  works,  being 
of  a  temporary  nature,  cannot  be  called 
satisfactory,  though  the  discharge  of 
fluid  from  them,  in  consequence  of  the 
care  with  which  they  are  carried  on,  and 
the  enormous  dilution  of   the   fluid  by 
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subsoil  water,  is  at  times  fairly  admissi- 1 
ble  into  the  river  ;  but  though  clarified 
it  is  not  purified,  and  though  clear  in 
appearance,  is  not  such  as,  in  my  opinion, 
should  be  passed  into  a  river  out  of 
which  drinking  water  is  drawn  ;  more- 
over, in  flood  times  the  pollution  is  great. 
It  was  said  some  years  since,  that  if  sew- 
age were  mixed  with  twenty  times  its 
volume  of  water,  the  organic  matter 
which  it  contains  would  be  oxydized  and 
disappear  in  the  course  of  a  dozen  miles 
or  so.  This  is  not  borne  out  by  fact,  and 
I  believe  we  may  consider  that  there  is 
no  river  in  the  United  Kingdom  long 
enough  to  completely  destroy  sewage  by 
oxydation.  It  may  be  said  that  Luton  is 
a  long  way  from  London,  but  it  is  also 
well  known  that  no  chemical  process  can 
of  itself  entirely  get  rid  of  the  effects  of 
sewage  contamination,  and  although 
Luton  is  permitted  by  a  special  clause  of 
the  Lee  Act  to  pass  clarified  sewage  into 
the  river,  it  is  to  be  hoped  that  in  any 
future  legislation,  all  towns  which  dis- 
charge into  a  river,  out  of  which  people 
have  to  drink,  should  be  compelled  to 
pass  their  effluent  water  through  land 
or  through  an  efficient  filter  before  it  is 
discharged  into  the  stream.  Burnt  clay 
has  been  recommended,  and  was  men- 
tioned by  H.R.H.,  the  late  Prince  Con- 
sort, in  his  letter  to  the  Royal 
Agricultural  Society,  12th  April,  1850, 
in  the  following  terms: — "Burnt  clay 
from  its  aluminous  ingredients  has  the 
power  of  extracting  ammonia  in  the 
alkaline  salts  present  in  sewage,  and  is 
cheaply  procured. 

At  Luton  the  sludge,  which  like  all 
lime  deposit,  is  very  filthy,  is  lifted  by 
mechanical  means  from  the  beds,  and 
mixed  with  night  soil,  collected  from  the 
portion  of  the  town  which  is  not  water- 
closeted,  and  the  ashes,  and  then  sold  to 
farmers  of  the  district.  The  works  are 
near  the  town  and  smell  very  badly.  My 
Board  has  complained  of  the  result  of 
the  process  in  use,  but  in  the  face  of 
differing  opinions  on  the  subject  has  not 
taken  upon  itself  the  responsibility  of 
recommending  another. 

The  next  pollution  worth  notice  is 
Hatfield.  This  has  a  population  of  near- 
ly 4,500  ;  the  sewage  is  disposed  of  by 
passing  it  on  lands,  and  no  pollution 
reaches  the  river. 

Hertford,   next  in    importance,    with 


over  7,000  inhabitants,  has  precipitation 
works  which  were  constructed  at  consid- 
erable cost  by  the  New  River  Company 
some  years  since.  An  attempt  was  made 
to  purify  the  sewage  by  liming  it.  Here 
again,  as  at  Luton,  the  effluent,  although 
clear,  was  not  pure,  and  the  adjoining 
town  of  "Ware,  lower  down  stream,  was 
constantly  complaining  of  the  nuisance 
caased  by  secondary  decomposition, 
which  is  invariably  set  up  by  the  lime 
effluent,  I  believe  it  is  a  fact  that  the 
most  dangerous  kind  of  organic  impurity 
is  organic  matter  in  process  of  change  or 
putrefaction.  This  change  is  set  up,  and 
continues  in  the  effluent  after  discharge 
from  the  works — the  condition  of  the 
channel  between  the  works  at  Luton  and 
the  stream,  and  the  river  at  Ware,  is 
evidence  of  this  ;  thus,  in  the  lime  efflu- 
ent, we  have  the  worst  condition  of  sew- 
age. It  is  not  the  presence  of  organic 
matter  in  its  original  state  which  is  so 
objectionable  in  sewage,  but  those  mat- 
ters which  are  undergoing  change,  in 
fact,  putrefaction.  The  lime  process  was 
abandoned  at  Hertford,  and  the  Phos- 
phate Sewage  Company  have  taken  the 
works  under  contract  with  the  Corpora- 
tion. Since  then  I  have  received  fewer 
complaints,  but  the  same  remark  which  I 
made  just  now  as  to  the  necessity  of  fil- 
tering the  effluent  produced  by  chemi- 
cal process  applies  here.  It  is  true  that 
it  may  be  said  filtration  is  carried  on  at 
Hertford,  inasmuch  as  small  coke  filters 
are  used,  but  I  think  the  area  is  too  limi- 
ted. Here  again  the  sewage  is  much  di- 
luted  by  infiltration  of  subsoil  water. 

Ware,  with  6,000  inhabitants,  next 
comes  into  notice.  This  place  formerly 
sent  all  its  sewage  andTefuse  from  malt- 
ing, the  latter  being  a  liquid  rapidly  run- 
ning into  decomposition  and  forming 
considerable  pollution,  by  several  outlets 
direct  to  the  river  ;  all  has  now,  with 
the  exception  of  refuse  from  some  of  the 
maltings,  been  diverted,  and  an  entirely 
new  system  of  sewers  has  been  construct- 
ed, the  sewage  is  discharged  far  below 
the  town  on. to  an  irrigation  farm  close 
to  the  historically  famous  Rye  House.  It 
was  intended  that  the  sewage  should  be 
treated  by  precipitation  before  it  was  ap- 
plied to  the  land,  but  that  notion  was 
abandoned.  The  farm  is  in  very  low- 
lying  ground,  and  in  flood  time  a  large 
area  is  under  water.     I  do  not  think  the 
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sewage  of  Ware  can  be  said  to  be  satis- 
factorily disposed  of  in  the  Rye  meads; 
still  it  soaks  away  somehow  and  until 
the  land  becomes  supersaturated,  I  sup- 
pose it  will  not  be  easy  to  discover  pol- 
lution. I  question  very  much  whether 
sewage  "  pure  and  simple "  should  be 
permitted  to  be  discharged  on  to  land 
which  surrounds  a  place  of  popular 
public  recreation,  where  thousands  of 
hard-worked  Londoners  go  for  a  little 
fresh  air,  and  to  spend  perhaps  their  only 
single  day's  holiday  in  the  course  of  the 
year  in  the  country.  As  early  as  1841 
we  were  told,  in  reference  to  sewage 
irrigation,  of  "the  offensive  and  in- 
jurious emanations  which  the  sewer 
water  gives  when  allowed  to  spread  and 
stand  upon  the  meadows."  In  these 
days  there  are  those  who  would  teach  us 
that  the  presence  of  a  sewage  farm  and 
the  odors  therefrom  improve  the  health  of 
locality.  Verily  there  is  no  accounting 
for  taste. 

Waltham  Abbey,  with  a  population  of 
over  5,000,  the  next  town  on  the  Lee 
proper,  has  lately  been  re-sewered,  and, 
after  trying  several  systems  of  filtra- 
tion with  more  or  less  satisfactory 
results,  nothing  more  than  simple  subsi- 
dence, assisted  by  "  a  dose "  of  lime 
very  minute  in  quantity,  is  done  with 
the  sewage.  It  is  then  pumped  on  to  the 
town  mead,  on  low-lying  land  close  to 
the  river,  where  it  soaks  away,  and  no 
pollution  is  for  the  moment  apparent. 

We  next  come  to  the  towns  on  the 
Lee  below  the  intakes  of  the  water 
companies.  Enfield,  with  13,000  popu- 
lation, has  all  its  sewage  taken  into  the 
adjoining  parish  of  Edmonton,  on  to  a 
sewage  farm  near  Ponder's-end,  which 
is  fast  becoming  a  pestilential  swamp. 
It  is  too  low,  the  water  level  of  the  dis- 
trict being  little  more  than  four  feet 
below  the  average  level  of  the  land. 
Some  time  since  a  company,  formed  to 
work  the  process  known  as  "Whit- 
thread's  Patent,"  which  has  been  fully 
described  in  former  journals  of  the  So- 
ciety, put  up  a  precipitating  tank,  and 
treated  a  portion  of  the  sewage.  While 
this  was  in  operation  all  went  well.  The 
effluent  was  sufficiently  pure  to  be  dis- 
charged into  the  river  below  the  water 
company's  intakes.  The  precipitated 
sludge  was  fairly  dry,  ready  for  use 
when  wanted,  and  just  so  much  liquid 


sewage  as  the  tenants  required  for  their 
market  gardens  was  periodically  sup- 
plied. I  am  informed  that  the  expense 
of  this  process,  so  far  as  the  chemical 
treatment  was  concerned,  was  large. 
The  value  of  the  disposal  of  sewage  by 
a  combined  system  was,  however,  fairly 
demonstrated  here  while  the  company- 
lasted,  some  eighteen  months  or  two 
years.  My  Board  has  strongly  pro- 
tested against  the  existing  unsatisfac- 
tory state  of  affairs. 

Next  to  this  is  Edmonton,  with  a 
population  of  12,000.  Here  about  a 
million  gallons  are  daily  discharged. 
Here  is  also  a  sewage  farm;  but,  also, 
larger  precipitating  tanks.  The  follow- 
ing is  the  course  adopted  for  the  dis- 
posal of  the  sewage.  On  Sundays  the 
sewage  is  collected  in  the  storage  reser- 
voir at  the  works,  which  holds  1,500,000 
gallons,  supposed  to  be  the  flow  of  thirty- 
six  to  forty  hours  in  ordinary  seasons. 
On  Mondays  the  pumps  are  worked  from 
eight  to  ten  hours,  and  the  sewage  is 
ordinarily  pumped  through  the  first  tank 
on  the  land,  having  been  first  treated 
with  a  mixture  "  for  irrigation,"  com- 
posed of  precipitated  sludge  and  a  por- 
tion of  precipitating  mixture,  according 
to  Mr.  Hille's  system,  which  has  been  in 
operation  here  for  the  last  six  months. 
This  is  occasionally  varied,  and  the  sew- 
age is  entirely  treated  by  precipitation 
after  Hille's  system,  and  then  passed,  in 
a  condition  which  analysis  proves  to  be 
unobjectionable,  to  our  streams.  The 
work  at  the  sewage  outfall  detailed  for 
Mondays  is  continued  alternately,  as 
circumstances  dictate.  The  engines 
pump  V5,000  gallons  per  hour.  A  piece 
of  eight  acres,  adjoining  the  sewage 
tanks,  is  kept  as  a  downward  filtration 
bed;  no  sewage  in  its  raw  state  is 
pumped  on  any  of  the  land;  the  sludge, 
which  is  perfectly  inoffensive,  is  mixed 
with  ashes  from  the  town,  and  used  on 
the  farm. 

We  next  come  to  Tottenham,  with  at 
least  30,000  inhabitants,  and  daily  in- 
creasing. This  place  is  notorious  as  the 
birthplace — and  in  many  instances,  the 
grave — of  several  sewage  processes.  I 
will  not  attempt  to  describe  them,  for 
time  does  not  permit,  but  merely  give 
an  account  of  what  is  at  present  in 
operation.  Here  also  Mr.  Hille  is  at 
work,  and  treats  the  sewage  with  results 
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which  out  to  be  satisfactory.  Analysis 
proves  the  effluent  to  be  unobjectionable, 
and  sufficiently  pure  to  be  passed  to  the 
river.  The  sludge  is  singularly  free 
from  smell,  is  easily  dried  without  arti- 
ficial means  ;  and  I  am  informed  the 
process  is  inexpensive.  Mr.  Hille  tells 
that  according  to  the  accounts  of  the 
Local  Board,  it  does  not  exceed  25s.  a 
day  to  treat  1,200,000  gallons  of  this 
very  bad  sewage.  Tottenham  sewage  is 
rendered  all  the  worse  by  the  admixture 
of  refuse  from  india-rubber  works,  a 
portion  of  which  at  least  finds  its  way 
to  the  sewers,  and  mixing  with  ammonia 
stinks  abominably. 

We  learn  here  how  valuable  would 
have  been  the  provision  in  Lord  Salis- 
bury's Bill  of  last  session,  which  pro- 
posed that  manufacturers  should  treat 
their  own  refuse  on  their  own  premises, 
and  thus  help  the  ultimate  disposal  of 
the  sewage  at  the  outfall  of  the  district, 
a  clause  which  I  trust  will  form  part  of 
some  future  Act. 

The  principal  pollution  below  Totten- 
ham is  West  Ham,  which,  with  upwards 
of  70,000  inhabitants  sends  its  sewage 
to  the  tidal  portion  of  the  Lee,  about 
3,000,000  gallons  daily.  The  residents 
in  the  neighborhood  of  the  outfall  at 
Canning  Town  very  strongly  object  to 
the  treatment  of  sewage  by  any  chemi- 
cal means,  and  negotiations  have  been 
pending  sometime  with  the  Metropolitan 
Board  of  Works  as  to  the  ultimate  ad- 
visability of  joining  their  system.  The 
tanks  here  have  never  been  seriously 
and  continuously  used,  though  for  some 
months  in  1872  General  Scott's  system 
was  tried.  Several  other  modes  have 
also  been  experimented  on. 

In  the  tributaries  of  the  Lee  much  re- 
mains to  be  done,  but  the  work  is  going 
on  slowly  and  surely — all  pollutions  are 
known;  much  abatement  is  delayed  by 
the  unwillingness  of  landowners  to  part 
from  their  land  for  the  purpose  of  sew- 
age works  or  sewage  farms;  and  I  cannot 
help  remarking  here,  as  the  result  of  the 
working  of  our  Act  of  Parliament  that 
in  any  future  legislation  which  may  take 
place  in  regard  to  the  general  purifica- 
tion of  the  rivers  of  the  kingdom,  that 
punishment  for  offences  against  an  Act 
should  be  sought  at  the  hands  of  an 
independent  tribunal,  and  not,  as  in  our 
case,  be  left  to  the  jurisdiction  of  the 


local  magistracy,  themselves  in  many 
cases  the  greatest  offenders.  I  can 
point  to  some  important  districts  where 
prosecutions  have  entirely  failed. 

The  principal  pollution  of  the  tribu- 
taries was  Bishop  Stortford,  with  a  pop- 
ulation of  about  5,000,  and  a  large  malt- 
ing trade;  the  whole  sewage  and  malt-- 
ing  refuse  formerly  went  into  the  ditches, 
which  were  highly  offensive.  Now  all 
sewage  and  malting  water,  except  from 
one  small  malting,  is  taken  below  the 
town,  collected  in  tanks,  and  pumped  to 
a  sewage  farm  situated  on  high  land. 
The  whole  principle  of  a  well-laid  out 
sewage  farm  is  here  carried  out  ;  the 
effluent  is  good.  Samples  of  the  sewage 
flow,  taken  each  hour  of  the  twenty-four, 
showed  that  during  about  four  hours  of 
the  night  very  little  absolute  impurity 
came  down.  The  sewers  have  a  very 
large  quantity  of  infiltrated  subsoil 
water,  and  the  sewage  is  very  weak;  this 
being  the  case,  and  to  save  pumping, 
about  four  or  five  hours  of  the  night 
flow  is  filtered  through  gravel  and  char- 
coal ;  all  .the  rest  is  pumped  daily,  Sun- 
days included,  on  to  the  farm.  I  have 
not  the  details  of  the  cost  of  the  farm, 
but  I  fear  it  is  a  heavy  charge  to  the 
ratepayers. 

The  conclusions  I  have  arrived  at  on 
the  whole  question,  apart  from  those  al- 
ready expressed  are,  that  if  we  are  to 
have  our  rivers  purified,  the  whole 
country  should  be  mapped  out  into  dis- 
tricts, each  under  a  competent  sanitary 
officer,  who  should  have  large  powers  ; 
under  conservancy  boards,  formed  to 
legalize  his  acts.  That  local  authorities 
should  receive  advice  from  head-quarters 
as  to  the  most  advisable  means  for  the 
abatement  of  the  nuisances  of  which 
complaint  is  made.  That  local  authori- 
ties should  be  officially  informed  of  the 
satisfaction,  or  otherwise,  with  which 
their  efforts  to  abate  nuisances  are  view- 
ed ;  thus  much  needless  cost  to  ratepay- 
ers might  be  saved,  and  a  result  sooner 
arrived  at. 

That  no  chemical  standard  of  purity 
should 'be  enforced,  the  standard  to  be 
that  of  common  sense  as  suggested  by 
Lord  Salisbury,  each  place  being  bound 
to  do  its  best  under  existing  conditions. 
That  irrigation  farms  whereon  sewage 
"pure  and  simple  "is  discharged  is  not 
a  mode  of   disposing  of  sewage   which 
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commends  itself  for  universal  adoption. 
The  Mosaic  law,  1451  years  B.C.,  pointed 
to  the  land  as  the  best  purifier  of  refuse  ; 
it  is  so,  undoubtedly,  but  we  must  re- 
member that  conditions  are  altered,  and 
although  the  sewage  may  be  purified  by 
a  sewage  farm  or  a  filtration  ground,  if 
•  passed  without  deodorization  on  to 
them,  there  is  an  unmistakeable  odor 
which,  healthy  or  not,  is  by  no  means 
pleasant  to  the  senses. 

All  sewage,  in  my  opinion,  should  be 
deodorized  before  it  is  applied  to  the 
land  ;  thus  our  air  as  well  as  our  rivers 
might  be  kept  pure. 

Specially  in  my  own  watershed,  I 
think  irrigation  farms  in  the  low-lying 
districts  of  the  Lee  Valley  are  particu- 
larly to  be  deprecated.  Sewage  con- 
stantly poured  into  a  water  logged  stra- 
tum must  in  time  become  a  nuisance. 
The  farms  at  Ponder's  End  and  Rye 
meads  are  examples.  At  Bishop  Stort- 
ford,  where  the  land  is  high,  no  nuisance 
exists,  it  is  far  from  any  buildings,  and 
the  smell  is  unimportant. 

As  to  chemical  treatment,  it  is  easy 
enough  to  clarify,  and  partially  purify, 
sewage;  being  only  a  matter  of  cost. 

I  think  the  experience  of  the  last  few 
years  has  shown  that  we  must  not  ex- 
pect to  make  money  by  manufacturing 
manure  out  of  sewage  ;  we  must  pay  for 
getting  rid  of  our  refuse  just  as  for  any 
other  necessary  of  life.  What  is  wanted 
is,  a  system  which  shall  carry  out  this 
nacessity,  at  a  cost  which  shall  be  within 
the  reach  of  local  bodies,  and  possibly 
within  the  requirements  of  rate-payer's 
associations. 

I  have  before  stated  that  at  Edmonton 
and  Tottenham  an  effluent  sufficiently 
pure  for  all  sanitary  purposes  is  now 
discharged  ;  there  is  also  an  absence  of 
nuisance  at  the  works  such  as  I  have  not 
met  with  elsewhere. 

I  do  not  wish  to  condemn  systems 
upon  which  no  doubt  much  will  be  said, 
or  to  blind  myself  to  anything  in  par- 
ticular. The  lime  process  and  its  residue 
were  abominations.  The  Whitthread 
process,  apart  from  the  smell  of  the 
sludge  and  the  cost,  was  an  improvement. 
The  Phosphate  Sewage  Company  do  not 
state  the  cost  of  their  process,  and  I  can- 
not help  saying  that  it  will  be  difficult 
to  find  a  more  efficient,  harmless,  and 
economical    means   of   treating   sewage 


than  that  introduced  into  my  watershed 
by  Mr.  Hille;  should  a  better  system 
exist,  I  shall  be  only  too  glad  to  hear  of 
it  ;  and  if  in  the  future  the  Lee  water- 
shed and  its  sewage  treatment  be  point- 
ed to  as  a  model  for  the  country,  my 
ambition  will  be  fully  satisfied. 


Sounding  -  Boakds. — In    many    large 
churches    and     halls    of     bad    acoustic 
properties,  where  sounding-boards  have 
been  unsuccessfully  introduced,  the  fail- 
ure has  been  owing  to  the  form  and  situ- 
ation of  the  individual  sounding-board 
used,  and  does  not  prove  that  a  proper 
sounding-board  would   not  remedy   the 
defect.     In  a  large  church  at  Montreal, 
Can.,  which  is  noted  for  the  ease  with 
which  a  speaker  can  be  heard  in  it,  the 
sounding-board  used  is  a  simple  horizon- 
tal ceiling  of  polygonal  form,  suspended 
not  more  than  two  feet  above  the  head 
of  the  speaker.     It  is  built  of  heavy  oak, 
and  projects  ten  or  twelve  feet  on  each 
side  of  the  speaker.     It  is  this  form  of 
sounding-board    that  is  commonly  used 
in    cathedral     churches     in     Europe, — 
churches  which   were  not  originally  in- 
tended for  speaking,    and  in  which  the 
voice  would  be   lost  in  the  vaults  if  it 
were  not  for  the  use  of  a  sounding-board. 
In  some  of  these  churches  which  are  pro- 
vided with  fixed  seats  and  stalls,  the  last 
row  of  seats  is  provided  with   a  strong 
oak  partition,  from  the  top  of  which  pro- 
jects   towards   the   speaker   a   hood   or 
sounding-board,    six    feet    or    more    in 
depth  ;  listeners  in  this  back  row  of  seats 
can  hear  much  better  than  those  in  many 
of  the  seats  nearer  the  speaker.     At  the 
New  York  Crystal  Palace,  some  twenty- 
five  years  ago,  an  attempt  was  made  to 
remedy  the  acoustic  defect  of  the  audi- 
torium by  the  use  of  a  horizontal  sound- 
ing-board of  polygonal  form.     That  the 
attempt  was  a  failure  must  not  be  attri- 
buted to  the  form  of  the  sounding-board, 
but  rather  to  the  material  of   which  it 
was   composed.      It   was    built   by   the 
Messrs.  Hall  &  Sons,  piano-makers,  and 
the  wood  used  was  the  thin  and  resonant 
wood   used   for   making   the   sounding- 
boards  of  pianos  ;  so  that  instead  of  re- 
flecting the  sound,  as  it  was  intended  to 
do,   and   as  heavier   wood   would   have 
done,  it  absorbed  it  into  its  own  mass, 
and  vibrated  with  the  air. 
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From  "The  Builder." 


Treating,  some  time  ago,  of  lead  in 
its  relations  to  architecture,  we  prom- 
ised to  recur  to  the  subject  in  connection 
with  water  supply,  which  is  undoubtedly 
one  of  its  most  important  aspects.  In 
this  article,  accordingly,  we  have  put 
together  a  few  brief  and  imperfect  notes 
on  the  chemical  reactions  of  lead;  and 
some  other  particulars. 

The    conclusion    at     which    we    had 
arrived  was  that  lead  is  in  every  respect 
a  superior  roofing  material  to  either  zinc 
or  galvanized  iron.     We  may  add  cop- 
per  which   is   still   used   under   certain 
circumstance,    and    for    these    reasons: 
The  physical  qualities  of  lead  render  the 
working  of  it  easier  than  of  any  other 
metal;    its   chemical   properties    supply 
greater  resistance  to  the   action  of  the 
atmosphere;    and,    lastly,    being    among 
the  metals  the  greatest  non-conductor  of 
electricity,  it  affords  the  highest  security 
and  protection  to  a  building  during  the 
occurrence    of    a   lightning    storm.      In 
some  cities  of   South  America — chiefly, 
we   believe,  in   Chili   and  Peru — where 
sheet  copper  has  been  extensively  used ! 
as  a  covering   for  platforms  as  well  as  j 
ordinary  flushings  and  aprons,  the  cop- ! 
per-clad    roofs     have    repeatedly    been  \ 
found    highly    dangerous     under    such  j 
circumstances.     The  most  of  them  sus-  j 
tained    severe   damage;    while,    in   fact,  I 
the  slate  or  lead  roofs  escaped  uninjured. 
Since  lead  is  also  very  low  in  the  scale  ' 
or   series  of  heat-conducting  metals,   it  | 
follows  that  there  is  less  expansion,  and  I 
contraction  with  changes  of  temperature. 
It  likewise  interposes   to  that    extent  a  j 
greater  barrier  to  the  action  of  the  sun's  | 
rays  on  the  interior  of  a  building.     Even  I 
slates,  as   we  all  know  (small    "Welsh] 
Ladies,"     for    example),    in     our    own  | 
climate,   to    go    no   further,    sometimes! 
render  the  upper  stories  so  hot  as  to  be 
almost   uninhabitable;    whereas   a   lead' 
roof— partly,    of    course,    owing   to   its 
greater  solidity  of    construction — exer- 1 
cises  a  much  greater  modifying  influence. ! 
We  will  not  press  this  point,  however,  I 
as   we   have   already   noticed   that   the 
great   expense   of    lead   has    gradually 
forced   us   to   adopt   a   combination   of 
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slates  and  lead,  which,  if  not  the  noblest 
form  of  our  modern  roof,  is  still,  under 
certain  limits,  the  most  substantial,  and 
may  be  made  the  most  picturesque. 
Those  who  have  studied  the  drawings  of 
the  Mediaeval  Dutch  and  German  cathe- 
drals and  churches  which  have  appeared 
in  our  pages  need  not  be  indoctrinated 
on  the  latter  point  at  least;  for,  although 
it  is  a  pity,  it  is  true  that  our  highest 
lessons  in  this  style  of  art  must  still  be 
derived  from  Continental  sources. 

A  good  deal  might  still  be  said  with 
regard  to  the  artistic  treatment,  but  we 
need  not  enlarge  further  upon  the  appli- 
cation of  lead  to  roof- work.  The  beauti- 
ful engrailed  work  of  some  old  roofs : 
j  the  fish-scale  work,  the  curious  project- 
ing gutters,  the  rain-water  pipes,  the 
i  rain-water  heads,  spouts,  gurgoyles,  and 
|  finials — all  these,  we  are  afraid,  must 
now  be  consigned  to  the  portfolio  of  the 
archaeologist;  since  lead  as  a  material  is 
gradually  being  superseded  by  cast  and 
malleable  iron.  For  the  covering  of 
domes,  cupolas,  and  other  curved  sur- 
faces, lead  is  undoubtedly  the  proper 
metal;  although  even  in  these  cases  zinc 
has  of  late  years  also  been  applied  with 
successful  results.  We  may  again  insist 
here  on  what  we  previously  pointed  out, 
that  lead  imperatively  demands  the  very 
highest  skill  and  craftsmanship  on  the 
part  of  the  plumber;  and  that  it  is  the 
poorest  of  all  economy  to  punish  the 
lead-work  of  a  roof  in  order  perhaps  to 
elaborate  a  plastered  front,  or  add  to 
the  weight  of  a  projecting  cornice  ! 

So  much,  then,  with  regard  to  lead  as 
applied  to  the  outside  of  a  building. 
When  we  come  to  speak  of  its  uses  inside 
we  must  alter  our  eulogistic  tone  con- 
siderably. There  can  be  no  doubt  but 
those  physical  and  chemical  properties 
we  have  mentioned  which  recommend 
the  metal  so  pre-eminently  for  roofing  and 
other  exterior  purposes  also  bring  it  to 
the  front  in  the  case  of  the  interior 
fittings — that  is  to  say,  whenever  it  is 
intended  to  confine  or  convey  water,  or 
gas,  or  soil,  or  steam.  Lead,  in  point  of 
fact,  occupies  a  foremost  place  in  the 
economy  of    what  we  may  briefly  des- 
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cribe  as  domestic  engineering.  The 
reciprocal  action  of  lead  on  copper,  iron, 
tin,  and  zinc,  involves  questions  with 
which  the  construction  of  every  modern 
mansion,  or  building  of  any  note,  is  more 
or  less  concerned.  There  are,  for  ex- 
ample, the  modus  operandi  of  hot-air 
pipes,  hot  water  pipes,  steam  pipes,  etc., 
in  which  the  merely  mechanical  principles 
of  junction  and  the  relative  pressure  on 
the  tubes  exercise  the  greatest  influence 
on  the  safety  and  stability  of  the  build- 

It  is  almost  impossible,  indeed,  to  fit 
up    an    ordinary   system    of    hot-water 
pipes,  or  even  a  kitchen  boiler  with  a 
hot-water  cistern  at  the  top  of  the  house 
in  which  lead  pipes  are  not  in  some  form 
or  other  made  use  of,  and  in  which  these 
principles  do  not  come  into  play.     It  is 
hardly  necessary  to  add  that  the  utmost 
carefulness  is  requisite  in  the  construc- 
tion, and  the  most  constant  watchfulness 
in   the   practical   operation  of  all   such 
apparatus.     The  junction  of    lead  with 
iron  pipes  in  a  hot-water  system  is  often 
attended  with  danger;   on  this  account 
alone  that  the  expansion  and  contraction 
of  the  two  metals,  as  well  as  their  chemi- 
cal   affinities,    are    unequal.     We   have 
seen,  for  instance   a  one-inch  lead  pipe 
united   at   right   angles   by   a    soldered 
joint   to    a   malleable   iron   pipe,  which 
joint  burst  so  repeatedly  and  so  danger- 
ously that  the  iron  pipe  had  to  be  cut  at 
the    junction    and    a    triangular    brass 
socket  soldered  to  lead  and  screwed  to 
iron.     We  have  also  observed  in  several 
large  breweries,  where  pipes  of  unusual 
calibre  are  employed,  that  the  joints  of 
the   huge   brass  stop-cocks  with    which 
they   were    furnished    invariably    gave 
way  at   the   point   where  the    different 
ratios  of  expansion  might  be  supposed 
to  converge,  or  even  perhaps  where  a 
certain  slow   but  sure   electrical   action 
had   supervened.     Another   question  of 
great  importance  in  this  connection,  is 
the  action  of  frost  on  lead  pipes,  which, 
however,  we  have  so  frequently  treated, 
that  the  whole  causes  and  consequences 
of  this  phenomenon  must  be  familiar  to 
our  readers.     We  will  only  repeat  here, 
in   the   same   tone  of  warning  that  we 
have  so  often  had  occasion  to  use,  that  a 
frozen  water-pipe  may  signify  either   a 
burst  boiler  in  the  kitchen  or  a  deluge 
over  the  drawing-room  ceiling,  or  both, 


and  may  often  lead,  and  has  repeatedly 
led,  to  serious  and  even  fatal  accidents. 
We   may  as  well   indicate  here   that 
however  useful  and  convenient  lead  may 
be  found  with  regard  to  interior  fittings 
there  are  certain  purposes,  we  may  men- 
tion, to  which  it  may  be  grossly  misap- 
plied.     For     example,    there     is     one 
domestic  use  to  which  lead  should  never 
be   put   to   under   any    circumstances — 
that   is,  the   lining  of     a   kitchen    sink. 
Those  wTho  remember  the  old-fashioned 
form    of    leaden   sinks  ,will   recall    the 
amount  of  trouble  and  annoyance  which 
they  gave    to    all    good    housekeepers. 
Constantly  cracking  at  the  bottom,  or 
the  junction  of  the  soil-pipe,  they  were 
never  thoroughly  water-tight,  and  were 
thus   the    everlasting   cause  of    damage 
from  leakage.     This  was  more  particu- 
larly the  case  with  respect  to  tenemented 
houses   where   the   kitchen   sinks   over- 
topped   each   other    in    several   stories, 
and  where  a  leaky  sink  at  the  top  of  the 
house  was  the  prolific  cause  of  injury  to 
the  floors  beneath.     The  introduction  of 
iron  for  this  purpose,  and  better  still  of 
stout,  glazed  earthenware,  was  a  great 
boon  to  our  kitchen-maids,  and  an  improve- 
ment in  our  household  sanitary  economy. 
Equally  obnoxious,  far  more  so  indeed, 
is  the  application  of  lead  to  urinals,  and, 
as  we  have  even  seen,  to  water-closet 
pans,    of     which    disgusting    nuisances 
there  are  still  too  many  in  existence — 
particularly,    as    we   remember,   in   the 
regions    of    Newcastle-upon-Tyne,    and 
other   northern   towns.     And  the   same 
objection  applies  a  fortiori  to  soil-pipes 
of  water-closets,  which  if    not  properly 
laid  with  a  due  inclination  to  the  drain, 
and,  above  all  things,  properly  ventilated, 
will  sooner  or  later  corrode  at  the  joints, 
burst,    and   allow   the   poisonous   sewer 
gases  to  escape  into  the  atmosphere  of 
the  house,  especially  and  most  probably 
into  the  bedrooms  during  the  night.    We 
have,    however,  already  touched    more 
than  once  upon   this    startling   subject, 
and    pointed    out     the    necessary    pre- 
cautions  and   remedies.     But   we    may 
further  insist  here  on  the  impropriety  of 
that  bad  architectural  practice — still  too 
frequent,  we  are  afraid — which  plans  a 
water-closet     soil-pipe     to     be    carried 
through   lobbies   and   stair-landings,    or 
even  rooms;  the  plain  consequence  being, 
that  these  soil-pipes,  lying   at   a   dead 
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level  and  often  improperly  flushed,  just 
constitute  a  permanent  and  seething 
receptacle  to  soil  in  a  state  of  putrefac- 
tion. We  may  also  point  out  an  error 
of  a  similar  character  which  is  often 
committed,  and  that  is  the  burying  of  a 
leaden  pipe  in  a  wall  covered  with  damp 
plaster,  or  in  a  ground  track  impregnated 
with  lime,  or  perhaps  filled  in  with  lime 
rubbish.  No  substance  exercises  a 
greater  corroding  influence  on  lead  than 
lime,  as  some  of  our  readers  know  to 
•their  cost,  and  this  is  one  case  where 
corrosion  is  followed  by  evil  conse- 
quences. The  strongest  of  all  objec- 
tions, however,  we  can  have  to  lead  is  its 
application  to  the  lining  of  cisterns  and 
to  supply-pipes,  properly  so  called.  This 
at  once  opens  up  one  of  the  most  serious 
and  important  questions  of  the  sanitary 
economy  of  the  present  day.  And 
although  the  subject  may  be  well  known, 
and  even  hackneyed,  to  some  of  our 
professional  readers,  and  besides  some- 
what too  "  toxicological  "  for  our  pages, 
our  general  readers  will  excuse  another 
slight  discursion  on  account  of  the  im- 
portance of  the  subject,  which  can  never, 
we  fear,  become  stale.  We  refer,  of 
course,  to  the  poisonous  action  of  lead 
upon  water. 

The  subject  was  first  scientifically 
investigated  in  this  country  during  the 
earlier  half  of  the  present  century  by 
Dr.  Sir  R.  Christison,  professor  of  Ma- 
teria Medica  in  the  University  of  Edin- 
burgh, whose  researches  have  been 
generally  confirmed  by  Dr.  Alfred 
Taylor,  of  Guy's  Hospital,  Dr.  Dalton, 
of  Dublin,  and  many  other  medico-legal 
authorities  whose  works  we  have  con- 
sulted. The  French  toxicologists,  the 
celebrated  Orfilla  and  Tanquerel,  gen- 
erally coincide  in  the  conclusions  at 
which  these  authors  have  arrived;  and 
the  German  analysts  and  physiological 
chemists,  Muller,  Liebig,  Virchow,  and 
others  of  that  school,  likewise  record 
their  adherence. 

But  it  is  very  remarkable  that  this 
form  of  mineral  poison  was  not  unknown 
to  the  architects  and  physicians  of  anti- 
quity. For  the  action  of  water  upon 
lead  has  been  the  subject  of  observation 
for  many  ages.  Vitruvius  absolutely 
forbids  the  use  of  this  metal  for  con- 
ducting water,  because  "ceruse,  (i.  e., 
white  lead)  was  formed  on  it;  which  he 


very  properly  held  was  hurtful  to  the 
human  body.  Galen  also  condemns  the 
use  of  leaden  pipes,  because  he  was  quite 
aware  that  water  transmitted  through 
such  channels  contracted  a  certain  sort 
of  muddiness  from  the  lead;  the  coDse- 
quences  of  which  were,  that  those  who 
drank  such  water  were  subject  to  dys- 
entery. Indeed,  if  we  trace,  as  Dr. 
Christison  tells  us,  the  sciences  of  archi- 
tecture, chemistry,  and  medicine  down- 
wards from  these  periods,  nothing  more 
will  be  found  than  a  repetition  of  the 
sentiments  of  Vitruvius  and  Galen  but 
a  few  particular  facts  in  support  of  them 
till  we  arrive  at  the  close  of  the  last 
century. 

Within  our  brief  limits  it  would,  of 
course,  be  impossible  to  convey  even  a 
meagre  outline  of  the  laborious  experi- 
ments and  masterly  inductions  of  these 
celebrated  chemists;  but  the  following 
resume  may  help,  perhaps,  to  make  the 
subject  more  intelligible. 

In  order  to  ascertain  the  true  chemical 
action  of  lead  upon  water,  we  must  firsjt 
of  all  look  to  the  action  of  lead  upon 
air.  Whenever  a  fresh-cut  surface  of 
lead  is  exposed  to  the  air  it  gets  tar- 
nished, a  circumstance  which  is  due  to 
the  strong  affinity  of  the  metal  for 
oxygen.  There  arises  a  thin  coating  of 
the  hydrated  oxyd  of  lead,  which  is 
easily  transformed  to  the  carbonate, 
which  again  seems  to  form  the  per- 
manent crust.  The  opinion  which  many 
persons  entertain  that  the  hard  crust  of 
lead  is  a  mere  deposit  of  its  oxyd,  is 
therefore  incorrect.  If  lead  were  to 
oxydize  continuously  by  contact  with  air 
— like  a  particle  of  sodium  in  a  basin  of 
water — we  should  have  very  little  indeed 
to  say  of  its  history,  and  still  less,  we 
are  afraid,  of  its  architectural  relations. 
The  formation  of  the  carbonate  of  lead 
is  always  accelerated  by  moisture,  and 
probably  by  the  presence  of  an  unusual 
proportion  of  carbonic  acid  in  the  atmos- 
phere ;  but,  not  to  enter  into  minutire,  in 
whatsoever  way  it  may  be  formed  this 
carbonate  of  lead,  in  all  ns  forms  and 
combinations,  is  a  deadly  poison. 

When  water  passes  through  leaden 
pipes,  or  is  stored  in  a  leaden  cistern,  a 
similar  chemical  reaction  occurs.  Water, 
which  is  composed  of  oxygen  and  hy- 
drogen, and  almost  invariably  charged 
with  carbonic  .acid,  plays  the  same  part. 
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mutatis  mutandis,  in  the  process  that  air" 
does,  with  this  additional  and  aggravat- 
ing circumstance  that  water  dissolves 
the  carbonate  (which  of  course  the  air, 
or  at  least  the  dry  air,  cannot  do),  and 
according  to  the  nature,  extent,  and  du- 
ration of  the  necessary  conditions  holds 
this  poison  in  solution. 

These  conditions,  however,  are  so 
modified  by  a  wise  provision  of  nature 
that  in  the  vast  bulk  of  our  natural  sup- 
plies of  water  the  antidote  to  the  poison 
.accompanies  it  and  neutralizes  it.  When- 
ever water  contains  lime,  soda,  potash, 
or  other  mineral  salt,  it  deposits  a  crust 
of  that  salt  on  the  surface  of  the  lead 
in  the  form  of  an  insoluble  carbonate ; 
and  so  protects  its  surface  from  the 
chemical  action  which  invariably  occurs 
when  the  water  is  pure.  The  conclusion 
at  which  we  arrive  here  accordingly  is  a 
fact  which  should  always  hold  a  promi- 
nent place  in  our  sanitary  aphorisms  : — 
The  purer  the  water  the  greater  the  danger 
of  lead  poison.  We  will  not  enter  upon 
the  wide  topic  of  the  physiological  influ- 
ences of  the  poison.  We  need  only  men- 
tion that  the  symptoms  which  follow  are 
first  of  all  "  lead  colic,"  which  is  by  far 
the  most  frequent  form  of  disease  ;  sec- 
ondly, "  lead  rheumatism  "  ;  thirdly, 
"lead  palsy  or  paralysis";  and  finally, 
"  disease  of  the  brain,"  which  is  the  least 
common,  but  the  saddest  of  all  the  forms 
of  lead  poisoning.  It  is  also  proper  to 
point  out  that  the  poison  may  be  intro- 
duced into  the  system  by  being  absorbed 
through  the  skin,  and  inhaled  through 
the  lungs,  as  well  as  being  imbibed  by 
the  stomach;  and  with  two  or  three  short 
illustrations  of  these  separate  classes  we 
will  conclude  our  exposition. 

1.  In  the  first  place,  with  regard  to 
the  poison  entering  the  system  through 
the  stomach  a  whole  catalogue  of  cases 
may  be  found  in  the  authorities  we  have 
cited.  It  is,  perhaps,  sufficient  to  recall 
to  the  recollection  of  our  readers  the 
celebrated  case  of  the  ex-Royal  Family  of 
France  during  their  residence  at  Clare- 
mont,  of  whiclf  full  details  (of  that  and 
numerous  others)  will  be  found  in  Dr. 
Taylor's  work. 

The  water  at  Claremont  was  of  excep- 
tional purity  ;  it  acted  on  the  leaden 
pipes,  and  the  result  was  that  no  less 
than  thirteen  persons  were  attacked  with 
severe  colic  (including  several  members 


of  the  Royal  Family),  and,  as  far  as  we 
remember,  two  of  the  grooms  died.  Dr. 
Christison  mentions  a  similar  case  which 
occurred  at  a  gentleman's  residence  at 
Dumfriesshire,  whose  family  were  con- 
stantly ill,  and  to  whom  his  professional 
services  were  called  in.  He  immediately 
discovered  symptoms  of  lead-poisoning, 
which  led  him  to  examine  the  water  ; 
and  he  actually  discovered  that  the  lead 
supply-pipe,  nearly  a  mile  in  length, 
which  conducted  the  water  from  a  very 
pure  spring  (proceeding  out  of  rock,  by 
the  way)  to  the  house  was  almost  cor- 
roded to  nothing  throughout  its  entire 
length  !  We  will  explain  presently  what 
Dr.  Christison  did  to  avert  the  evil;  but 
we  may  mention  a  case  here,  on  the  same 
authority,  which  is  no  doubt  still  com- 
mon enough  ;  and  that  is  where  a  series 
of  water-barrels,  at  a  country  house, 
fitted  up  to  collect  and  store  the  rain 
water  from  the  roof,  which  had  been 
newly  covered  with  a  lead  platform,  gut- 
ters, and  ridges,  became  so  impregnated 
with  lead  that  the  whole  family  suffered 
from  severe  colic  in  consequence.  We 
may  add  also  that  the  danger  is  not  con- 
fined to  leaden  pipes  and  cisterns,  with 
their  corresponding  apparatus  of  water 
supply.  It  exists  to  a  large  extent  in 
our  ordinary  cooking  utensils  !  That  vile 
practice,  as  Dr.  Taylor  justly  calls  it, 
which  has  sprang  up  of  late  years  of 
substituting  for  pure  block  tin  an  alloy 
of  tin  and  lead  in  the  lining  of  our  cast 
iron  pots  is  an  extremely  dangerous  one, 
as  we  have  before  pointed  out,  and  calls 
loudly  fo^r  the  sternest  repression.  And 
not  only  metallic  pots,  but  earthenware 
vessels  are  also  liable  to  the  same  fatal 
objection,  simply  arising  from  their  glaze, 
which  is  always  composed  of  lead  in 
some  form.  Vinegar,  or  pickles,  or  any 
acid  solution  will  produce  the  acetate  of 
lead  when  preserved  in  such  a  vessel. 
Everybody  knows,  or  ought  to  know, 
that  boiling  fat  will  melt  and  even  dis- 
solve lead;  and  cases  are  on  record,  such 
as  a  whole  family  being  nearly  poisoned, 
from  eating  the  fat  or  dripping  of  meat 
which  had  been  baked  in  a  newly-glazed 
earthenware  dish.  The  whole  of  this 
subject,  which  we  cannot  at  this  moment 
pursue  further,  has  recently  been  investi- 
gated with  great  ability  by  a  modern 
French  chemist,  Monsieur  Gobez  ;  and 
our  readers  who  wish  to  arrive  at  the 


LEAD    IN   ITS    KELATIONS   TO   WATEE   SUPPLY. 


85 


newest  and  most  authentic  conclusions 
with  respect  to  the  poisons  of  lead  intro- 
duced into  the  system  through  the  stom- 
ach should  consult  that  author's  valuable 
papers,  which  are  published  in  the  An- 
nates de  Hygiene  for  the  year  1869. 

2.  Our  second  division  relates  to  the 
process  of  absorbing  the  poison  through 
the  skin.  The  commonest  form  of  the 
disease  in  this  •  case  is  "  painter's  colic," 
which  is  certainly  also  one  of  the  worst 
forms  of  the  chronic  poisoning  of  lead. 
Dr.  Taylor  gives  numerous  instances  of 
the  baleful  effects  of  lead  on  the  systems 
of  lead- smelters,  white-lead  workers, 
painters,  and  even  plumbers.  We  have 
often  recorded  and  described  such  cases, 
and  need  not  repeat  them.  The  symptoms 
are  unfortunately  too  well  known,  and  are 
described  with  great  minuteness  in  most 
of  the  dictionaries  and  encyclopedias, 
under  the  head  of  "  Lead  Palsy "  or 
"  Paralysis."  We  may  add  here  that 
lead  is  more  injurious  to  the  system  than 
other  metallic  compounds,  on  account  of 
its  being  a  cumulative  as  well  as  an  irri- 
tant poison. 

3.  But  lead  colic  and  paralysis  may 
also  be  produced  by  inhalation  ;  hence 
our  next  division  relates  to  the  absorption 
of  lead  through  the  lungs.  Not  painters 
and  lead  workers  alone  suffer  from  this 
insidious  cause  ;  but  every  symptom  of 
the  disease  has  been  known  to  occur  in 
the  case  of  persons  who  have,  for  exam- 
ple, slept  in  newly  painted  rooms,  "I 
have,  myself,"  says  Dr.  Taylor,  "  suffer- 
ed from  a  severe  attack  of  colic  as  a  re- 
sult of  sitting  in  a  room,  for  a  few  hours 
a  day,  in  which  a  large  surface  of  can- 
vas for  an  oil  painting  had  been  covered 
with  white  lead  and  drying  oil."  An- 
other case  mentioned  by  the  same  au- 
thority is  that  of  a  military  officer,  who 
was  fond  of  painting  in  oil  colors,  and 
who  worked  for  some  time  in  a  studio 
eight  feet  square,  which  had  a  large  stove 
in  it.  The  consequences  were  that  he 
was  attacked  with  "  wrist-drop,"  and 
soon  afterwards  with  paralysis  in  both 
legs.  His  servant,  who  ground  his 
colors  and  washed  his  brushes,  had  also 
a  severe  attack.  "In  these  instances," 
continues  Dr.  Taylor,  "the  emanations 
of  lead  must  have  reached  the  blood 
through  the  lungs  ;  although  chemists 
may  doubtless  be  found  who  will  prove 
by  ingeniously  devised  experiments  that 


there  could  be  no  lead  in  the  air  of  the 
room  ;  and  who — coupling  their  results 
with  the  fact  that  few  artists  are  known 
to  suffer  from  such  symptoms — will 
therefore  contend  that  lead  was  not  the 
cause.  The  symptoms,  however  were  of 
that  character  which  is  peculiar  to  lead 
poisoning  ;  and  as  the  insidious  effects 
completely  disappeared  on  the  removal  of 
the  patient  to  another  atmosphere,  I 
think  there  could  have  been  no  doubt 
whatever  about  the  cause." 

It  follows  from  all  this  that  the  atmos- 
phere of  a  room  tainted  or  impregnated 
with  lead  is  as  dangerous  as  the  well- 
known  poisonous  atmosphere  induced  by 
the  celebrated  green  flock  and  gold  pa- 
pers which  we  have  so  often  denounced, 
the  coloring  basis  of  which  was  found  in 
numerous  cases  to  be  arsenic. 

Having  said  so  much  about  the  poison 
of  lead,  it  now  remains  that  we  should 
add  something  concerning  the  remedies  ; 
but  here  we  must  necessarily  be  very 
brief.  It  is  not  our  business,  of  course, 
to  grapple  with  the  therapeutics  of  the 
subject  ;  for  the  treatment  of  the  disease 
we  have  mentioned  belong  to  the  province 
of  the  physician.  Our  vocation — not 
less  important,  as  we  hold, — with  regard 
to  this  and  similar  subjects  lies  more  in 
the  direction  of  prevention  than  of  cure. 
Nevertheless,  since  we  are  treading  as  it 
were  on  the  very  threshold  of  the  sub- 
ject, we  may  venture  to  interpose  a  few 
words  on  behalf  of  suffering  humanity, 

First  of  all  let  us  say  a  single  word 
with  regard  to  its  detection.  To  discover 
the  fumes  of  carbonate  of  lead  in  the  at- 
mosphere of  a  room  is  rather  a  difficult 
and  delicate  operation  (although  perfectly 
certain  and  reliable),  but  the  detection  of 
its  solution  in  water  is  one  of  the  sim- 
pliest  process  in  the  whole  range  of  an- 
alytical chemistry.  We  cannot  go  into 
details  :  it  may  be  enough  to  say  that 
with  the  simple  apparatus  of  a  watch- 
glass  and  a  test-tube,  together  with  a 
few  drops  of  hydrochloric  acid  and  of 
sulphuretted  hydrogen  in  solution,  it  is 
quite  sufficient  to  detect  even  the  thou- 
sandth part  of  a  grain  in  a  gallon  of 
water. 

The  symptoms  in  the  human  system 

are  also  easy  of  diagnosis  or  distinguish- 

ment ;  and  it  is  only  necessary  that  we 

I  should  state  here  that  the  treatment  of 

the  disease  in  its  various  stages  is  entitled 
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to  rank  amongst  the  greatest  triumphs 
of  our  medical  practice  in  the  present 
century.  Sulphur,  surphuric  acid,  sul- 
phate of  soda,  sulphate  of  magnesia,  sul- 
phuretted baths,  sulphur  in  some  form  or 
other,  it  is  curious  to  know,  is  the  grand 
antidote  to  the  poison  of  lead.  Its  action, 
of  course,  like  that  of  any  other  antidote, 
is  to  neutralize  the  active  influences  of 
the  poison  in  the  blood. 

But  the  real  fact  of  the  matter  is  that 
preventive  measures  are,  after  all,  the 
most  beneficial  ;  and  exercise  the  most 
potent  and  potential  influences  for  good. 
For  example,  in  the  case  of  white  lead 
manufacturers,  where  the  poison  enters 
the  system  chiefly  through  the  skin,  it 
had  been  found  that  personal  cleanliness 
exercises  a  surprising  effect  on  the  Jiealth 
of  the  operatives.  Painters,  plumbers, 
lead-smelters,  and  other  artisans  who 
neglect  to  wash  their  hands  before 
meals,  little  know  the  damage  they  are 
doing  to  their  constitutions.  Indeed,  to 
give  a  specific  instance,  there  was  a  large 
and  celebrated  plomb-blanc  manufactory 
in  the  South  of  France,  which  was  at 
one  time  notorious  for  its  lead  palsy. 
The  proprietors,  acting  under  the  high- 
est medical  advice  from  Paris,  at  length 
adopted  and  rigorously  enforced  a  sys- 
tem of  sanitary  precautions,  which 
eventually  put  a  stop  to  the  disease,  and 
very  nearly  extirpated  it  altogether ! 
These  measures  were  simple  enough, 
and  ought  to  be  widely  known.  In  the 
first  place,  the  workmen  were  compelled 
at  every  meal-hour  to  wash  their  hands 
in  hot  water  and  potash,  and  also  to  use 
the  nail-brush.  Secondly,  they  had  hot 
or  tepid  baths  every  evening  before 
leaving  the  works.  In  the  third  place,  a 
frequent  change  of  clean  linen  garments 
was  supplied  to  them  ;  and  finally,  some 
supervision  was  exercised  over  the  lead- 
worker's  food,  and  the  condition  of  their 
homes. 

The  laws  of  prevention, — which  are 
more  in  our  way,  as  we  have  hinted, — 
also  operate  quite  as  vigorously  in  the 
case  of  the  lead  poisons  being  inhaled 
through  the  lungs.  In  the  particular  in- 
stance quoted  above  of  the  officer's 
studio,  ventilation  immediately  suggests 
itself  as  the  most  thorough -going  and 
effectual  remedy.  We  will  not  speak  of 
the  size  of  the  room, — (eight  feet 
square  !),  which  must  be  nearly  incredi- 


ble to  persons  who  do  not  reside  in  Lon- 
don, and  is  certainly  discreditable  to  the 
officer's  common  sense,  and  for  this  sim- 
ple reason,  that  any  size  of  room  under 
the  same  conditions  may  have  had  its 
atmosphere  poisoned,  burnt  up,  and 
destroyed  in  a  similar  fashion.  Given  a 
hot  stove,  closed  windows,  a  street-door, 
ablocked-up  chimney-place,  plenty  of 
white  lead  and  oil  of  turpentine,  two  or 
three  argand  gas-burners,  and  two  or 
three  pairs  of  human  lungs,  and  it  needs 
no  ghost  come  from  the  grave  to  tell  us 
the  result  of  the  problem.  The  Black- 
hole  in  Calcutta  was  hardly  so  bad.  On 
the  other  hand,  give  us  an  open  fire-place 
and  two  or  three  of  Arnot's  valves,  or 
Banner's  ventilators,  or  a  system  of  hot- 
water  pipes,  or  hot  air  entering  from  the 
surbase,  and  passing  through  the  cornice 
of  the  ceiling,  or  a  movable  skylight 
hung  on  pulleys,  or,  in  short,  any  method 
whatsoever  (and  the  simpler  the  better) 
of  providing  an  ever-changing  supply  of 
fresh  air,  and  we  will  "  stake  our  critical 
sagacity,"  as  Lord  Jeffrey  used  to  say, 
that  there  will  be  no  lead  palsy  or  paral- 
ysis superinduced  in  such  an  apartment. 
As  to  arti'sts,  as  a  class,  not  suffering 
from  the  effects  of  lead  paint,  we  are  not 
so  sure  of  that  as  Dr.  Taylor  seems  to  be. 
The  symptoms  of  lead  colic  we  are  as- 
sured are  frequent  enough  ;  and  even 
palsy  is  not  uncommon.  Indeed,  we 
have  no  hesitation  in  saying  (and  we 
speak  from  long  experience,  and  exten- 
sive observation)  that  many  a  hard-work- 
ing artist  in  oil  colors, — particularly 
those  who  work  much  by  gas-light, — has 
his  valuable  life  abridged,  and  his  days 
shortened,  by  the  vile  atmosphere  of  his 
studio.  We  ought  to  mention  here  that 
water-colors  are,  of  course,  quite  innocu- 
ous in  their  handling  ;  and  although  the 
idea  is  rather  of  a  comical  character,  we 
have  heard  it  repeatedly  asserted  that 
smoking  tobacco,  which  most  artists  do 
in  inordinate  quantity,  is  also  preventive 
or  remedial  of  a  poisoned  atmosphere  ! 
We  would  not,  however,  stake  our  sa- 
gacity on  this  knotty  point,  unless  we 
were  in  a  position  to  prove  (which,  as  at 
present  advised,  we  are  not)  that  a  nar- 
cotic poison  is  counteractive  of  an  irri- 
tant one. 

When  we  revert  to  the  poison  intro- 
duced into  the  system  through  the  stom- 
ach, we  shall  find  the   same  beneficent 
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principles  still  hold  good.  We  have 
mentioned,  in  the  case  of  leaden  supply- 
pipes  and  water-cisterns,  that  Nature, 
herself,  in  the  vast  bulk  of  potable  wa- 
ters, provides  the  remedy  in  the  form  of 
depositing  over  the  surface  of  the  lead 
an  insoluble  salt,  most  commonly  a  car- 
bonate of  lime.  In  the  case  at  Dumfries- 
shire, where,  as  we  have  mentioned,  Dr. 
Christison  was  called  in,  that  eminent 
physician  skillfully  availed  himself  of 
this  natural  law  to  counteract  the  action 
of  the  water  on  the  leaden  supply-pipe, 
which  conducting  a  very  pure  spring, 
was  nearly  eaten  away.  He  had  a  new 
supply-pipe  laid  down,  filled  with  water, 
and  corked  up  at  both  ends  for  several 
months  until  the  insoluble  coating  was 
deposited  so  thick  that  no  danger  could 
be  apprehended.  But  this  case  occurred 
thirty  years  ago,  and  since  then  we  have 
had  the  invention  of  coating  leaden  pipes 
over  their  inside  surface  with  block  tin, 
— a  metal  which,  it  is  well  known,  has 
no  .poisonous  re-actions  ;  though  objec- 
tions of  another  kind  have  been  taken  to 
the  arrangement.  Such  tinned  lead 
pipes  have,  we  believe,  been  laid  down 
at  Claremont  and  many  other  mansions 
throughout  the  country  where  the  ne- 
cessity for  their  application  was  found 
to  exist,  and  always,  we  are  informed, 
with  the  most  successful  results. 

There  are  various  reasons  also  in  oper- 
ation at  this  moment  which  render  the 
use  of  leaden  supply-pipes  more  danger- 
ous than  it  was  before.  The  most  im- 
portant of  these,  perhaps,  is  the  addition- 
al quantity  of  lake  water  we  are  bring- 
ing into  use  (as  in  Glasgow),  and  of 
rain  water  which  we  are  compelled  to 
store  (as  in  Edinburgh).  Both,  of  these 
waters  are  pre-eminently  pure  ;  and  the 
evil  consequences  we  have  sufficiently 
indicated.  Thirty  years  ago  the  Edin- 
burgh and  Glasgow  waters  contained 
sufficient  mineral  salts  to  render  their 
passage  through  lead  pipes  quite  innocu- 
ous. But  we  question  very  gravely 
whether  this  can  be  said  at  the  present 
moment.  Commending  the  subject  to 
the  consideration  of  the  able  public  an- 
alysists  of  both  cities,  we  will  only  further 
remark  that  sooner  or  later  lead  in  all  its 
forms  must  be  removed  altogether  from 
the  regions  of  our  water  supply.  It  con- 
tains most  unquestionably  a  constant  and 
most  serious  element  of  danger.     Iron, 


tin,  zinc,  earthenware,  concrete  (why 
not  ?),  vulcanite,  or  even,  as  Vitruvius 
suggested,  leather! — each  and  all  of 
these  are  better  than  lead.  None,  of 
course,  are  so  easy  to  work  as  lead  ;  but 
our  plumbers  must  learn  to  march  with 
the  times,  and  rise  to  the  occasion,  or 
otherwise  we  are  afraid  another  race  of 
mechanics  will  gradually  supersede 
them  in  relation  to  the  public  health. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

Scottish  Society  of  Arts. — At  a  meeting  of 
this  society,  held  in  Edinburgh,  Mr.  John 
Milne,  president,  in  the  chair,  Mr.  D .  B.  Peeb- 
les read  a  paper  on  "Peebles'  Patent  Govern- 
ors for  Stations,  Districts,  Dwelling-houses  and 
Public  Lamps."  In  the  course  of  his  remarks 
the  reader  showed  that  when  once  a  gas- 
governor  was  adjusted  to  deliver  gas  at  a  given 
pressure  it  maintained  that  pressure  under  all 
variations,  and  also  under  all  differences  in  the 
rate  of  consumption.  He  explained,  with  re- 
gard to  the  gas-governors  of  his  own  invention, 
that  the  bell  or  holder  was  entirely  inclosed  in 
a  gas-tight  case,  so  that  an  accident  from  any 
escape  of  gas  was  rendered  an  impossibility. 
The  bell  worked  freely  in  the  case,  being 
guided  by  a  set  of  four  pulleys  at  top  and  bot- 
tom. A  valve  was  suspended  from  the  dome, 
and  the  arrangement  of  the  pipe  was  similar  to 
that  of  governors  which  had  been  long  in  use. 
Abandoning  the  parabolic  valve  at  present  em- 
ployed in  all  station  governors,  Mr.  Peebles 
substituted  a  spherical  valve,  to  which  was  at- 
tached a  parallel  c}Tlindrical  body  with  a  coni- 
cal bottom  working  a  vessel  having  communi- 
cation with  the  water  contained  in  the  outer 
case. 

Highland  Agricultural  Society. — At  a 
meeting  of  the  above  society,  held  in  Ed- 
inburgh, a  report  was  submitted  on  a  trial  of 
potato-planters  which  took  place  on  the  farm 
of  Liber  ton  Mains,  on  4th  April  last.  The 
committee  stated  that  six  machines  appeared 
on  the  ground  exhibited  by  (1)  Mr.  Dewar, 
Kellas,  Dundee  ;  (2)  Alexander  Guthrie  Craigs, 
Montrose  ;  (3)  Chas.  Hay,  North  Merchiston, 
Edinburgh  ;  (4)  G.  W.  Murray  and  Co.,  Banff 
(Ferguson's  patent)  ;  (5  and  6)  J.  W.  Robinson 
and  Co. ,  Liverpool  (Aspinwall's  patent).  The 
committee  reported  generally  that  the  machines 
were  greatly  improved  since  the  trial  in  Octo- 
ber last,  and,  with  the  exception  of  Aspinwall's 
machine,  which  appeared  for  the  firsts  time, 
they  attributed  that  improvement  very  'much 
to  the  trial  formerly  held.  They  believed  that 
all  the  machines  would  have  done  their  work 
well  with  whole  seed  riddled  to  one  size,  but 
on  this  occasion  they  were  put  to  a  thorough 
test,  being  tried  with  seed  of  all  sizes,  both  cut 
and  uncut.  After  a  thorough  trial  the  com- 
mittee selected  three  machines,  viz.,  Mr. 
Guthrie's,  Messrs.  Murray  and  Go's,  and  Aspin- 
wall's patent,  and  again  subjected  them  to  a 
further  trial,  each  machine  being  drawn  by  the 
same  horses.     The    committee  recommended 
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the  directors  to  award  a  £10  prize  to  Mr. 
Guthrie  for  a  double-drill  potato-planter  on  the 
cup  principle,  and  a  similar  prize  of  £10  to 
Messrs.  J.  W.  Robinson  and  Co.,  Liverpool, 
for  Aspinwall's  patent  single  drill  potato-plant- 
er, on  the  needle  principle. 

EDINBURGH  AND  LEITH  ENGINEERS'  SOCIETY. 
— At  a  meeting  of  this  society,  Mr.  John 
Buchanan  presiding,  a  paper  on  ( '  Creosoted 
Timber"  was  read  by  Mr.  C.  Graham  Smith. 
Having  touched  on  the  chemistry  of  creosote 
oil,  the  writer  passed  on  to  describe  in  detail 
the  process  and  plant  which  were  necessary  in 
the  creosoting  of  timber.  Before  commencing 
the  process,  all  sapwood  should  be  removed, 
and  such  timber  should  be  selected  as  was  dry 
and  well  seasoned.  Unless  this  precaution 
were  taken,  the  oil  would  only  penetrate  the 
wood  to  a  very  small  depth  below  the  surface, 
and  by  confining  the  water  and  sap  in  the  in- 
terior, would  thus  render  the  wood  liable  to 
rapid  internal  decay,  as  was  the  case  when 
wood,  imperfectly  seasoned,  was  painted  or 
tarred.  The  writer  next  noticed  the  difference 
in  the  time  required  to  creosote  the  various  de- 
scriptions of  wood  and  the  difference  in  the 
quantity  of  oil  which  each  could  absorb.  For 
instance  :  yellow  pine  might  easily  be  impreg- 
nated with  twelve  pounds  of  creosote  per  cubic 
foot  ;  Baltic  with  ten  pounds;  while  denser 
timber,  such  as  pitch-pine  or  oak,  could  not  be 
made  to  absorb  half  that  quantity.  Various 
facts  and  observations  were  afterwards  submit- 
ted, with  a  view  to  show  that  the  process  of 
creosoting  to  a  great  extent  preserved  timber 
from  the  ravages  of  worms,  although  for  what 
particular  length  of  time,  was  a  question  which 
required  more  extended  observation  to  deter- 
mine. Mr.  Smith  proceeded  to  describe  a 
series  of  experiments  which  he  had  made,  in 
order  to  ascertain  the  inflammability  of  creosot- 
ed timber,  and  which  had  led  to  the  conclusion 
that  though  creosoted  timber  was  considerably 
more  "combustible"  than  wood,  which  had 
not  undergone  the  process,  the  former  was  very 
little  more  "  inflammable." 

Society  of  Engineers — Ventilation. — At 
a  meeting  of  the  Society  of  Civil  Engin- 
eers, held  on  the  1st  of  May,  the  first  paper 
read  was  "On  Flues  and  Ventilation,"  by  Mr. 
A.  H.  C.  Trewman. 

The  second  paper  read  was  ' '  On  the  Venti- 
lation of  Buildings,"  by  Mr.  J.  W.  Pearse,  and 
in  which  the  author  described  some  of  the 
leading  appliances  for  that  purpose.  He  first 
referred  to  the  vertical  system  of  ventilation 
revived  by  Mr.  Tobin,  in  which  fresh  air  is 
admitted  into  the  room  by  vertical  pipes  com- 
municating with  the  outer  air  and  reaching 
nearly  to  the  ceiling.  In  this  system  holes  or 
slots  in  the  lower  rail  of  the  upper  window- 
sash  are,  in  some  cases,  substituted  for  the  ver- 
tical pipes.  Mr.  James  Livesey,  the  author 
-observed,  purified  the  air  before  allowing  it  to 
enter  the  room,  by  causing  it  to  be  deflected  on 
to  the  surface  of  a  tray  of  water,  which  also 
had  the  effect  of  cooling  it.  Mr.  John  Currall, 
in  his  system,  makes  an  aperture  in  the  lower 
part  of  the  window  for  the  admission  of  fresh 
air,  and  another  in  the  upper  part  for  the  escape 


of  foul  air.  When  there  is  a  chimney  in  the 
room  he  introduces  the  fresh  air  by  an  aperture 
in  the  lower  part  of  the  door,  and  takes  off  the 
vitiated  air  by  a  ventilator  in  the  chimney 
breast.  Mr.  M.  J.  Landau  has  designed  a  ven- 
tilating cowl,  terminating  at  the  top  in  a  series 
of  horizontal  annular  plates.  The  wind  blow- 
ing across  the  plates  induces  a  current  up  the 
shaft.  Fresh  air  is  admitted  by  a  horizontal 
pipe  closed  at  the  outer  end,  but  provided  with 
annular  plates  and  fixed  in  an  outer  wall.  For 
extracting  foul  air  from  buildings  or  drains, 
Mr.  E.  G.  Banner  has  invented  a  swiveling 
cowl,  which  has  a  bell-mouth,  and  is  always 
directed  towards  the  wind  by  a  vane.  The 
shaft  is  continued  by  a  bend  inside  the  tail  of 
the  cowl  and  swiveling  with  it.  There  is  an 
annular  space  between  the  two  tubes  in  which 
the  air  entering  the  bell-mouth  is  compressed, 
its  subsequent  expansion  inducing  a  current  up 
the  shaft. 

The  Institution  op  Civil  Engineers. — At 
a  meeting  on  the  2d  of  May,  the  paper 
read  was  on  "  Fascine  Works  at  the  Outfalls 
of  the  Fen  Rivers,  and  Reclamation  of  the 
Foreshore,"  by  Mr.  W.  H.  Wheeler,  C  E. 

It  was  stated  that  the  four  rivers  which  take 
the  drainage  of  the  Fens  of  Lincolnshire  and 
Cambridgeshire,  and  the  lands  bordering  there- 
on, discharged  into  an  estuary  filled  with  large 
beds  of  shifting  sands,  and  that  in  order  to  se- 
cure an  outfall  for  these  rivers  it  had  been 
necessary  to  train  their  channels  through  the 
sands.  The  most  economical  way  of  accom- 
plishing this  had  been  by  means  of  training 
walls,  constructed  of  fascines  and  clay  and 
chalk.  Very  beneficial  results  had  followed 
from  this  training  and  straightening  of  the 
outfalls,  and  the  low-water  mark  had  been 
lowered  several  feet.  The  advantage  of  confin- 
ing the  rivers  to  one'course  was  shown  by  the 
fact  that  when  in  the  trained  portion  of  the  chan- 
nels there  was  a  depth  of  ten  feet  at  low-water, 
below  it  there  would  be  a  depth  of  only  from 
two  feet  to  three  feet.  The  faggots  used  for 
building  the  training  walls  or  jetties  were  made 
from  thorns  cut  from  the  hedges,  tied  together 
with  tarred  string.  The  length  of  each  faggot 
was  six  feet,  and  its  girth  three  feet.  These 
were  thrown  into  the  water  from  barges  and 
weighted  with  clay,  layer  after  layer  being 
thus  placed,  until  the  jetty  was  brought  up  to 
half-tide  level.  The  depth  of  water  in  which 
these  jetties  had  been  built  varied  from  ten 
feet  to  twenty  feet,  the  top  being  about  six  feet 
above  low-water.  The  base  of  a  jetty  sixteen 
feet  high  was  twenty -two  feet  wide,  and  the 
top  thirteen  feet.  The  cost  per  lineal  foot  for 
the  work  done  on  the  Witham  averaged  19s. 
3d.,  or  Is.  8d.  per  cubic  yard,  the  details  of 
which  were  given.  The  thorns  and  clay  to- 
gether formed  such  a  compact  mass,  that  the 
jetty  was  able  to  withstand  the  force  of  both 
the  ebb  and  tidal  currents,  and  was  a  cheap 
and  effective  means  of  carrying  out  the  train- 
ing of  these  rivers. 

After  the  formation  of  the  jetties,  the  sand 
and  silt  accumulated  at  the  back,  and  ultimate- 
ly grew  into  green  marsh.  The  accretion  of 
land  was  gradually  taking  place  all  along  the 
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foreshore  of  the  Wash,  but  to  a  much  greater 
extent  on  the  Lincolnshire  than  on  the  Norfolk 
coast.  The  process  of  accretion  was  very  slow, 
unless  assisted  by  artificial  means.  A  marsh, 
under  favorable  circumstances,  would  reach  a 
stage  fit  for  enclosure  in  about  thirty -five  or 
forty  years.  The  process  of  accretion  might 
be  hastened  by  placing  faggots  across  the  fore- 
shore to  break  the  force  of  the  water  and  so 
assist  in  the  deposit  of  warp,  and  by  inoculat- 
ing the  ground  with  sods  cut  from  the  adjoin- 
ing marshes.  The  value  of  the  salt  marshes 
for  feeding  sheep  before  enclosure  was  from 
5s.  to  6s.  an  acre,  and  the  value  of  the  freehold 
£20.  The  cost  of  enclosure  was  from  £15  to 
£20  an  acre,  and  the  value  of  the  land  after 
enclosure  from  £50  to  £60. 


IRON  AND  STEEL  NOTES. 

Use  op  Rail  Ends  in  Blast  Furnaces.— 
According  to  Heyrowsky,  it  has  been 
found,  at  Zeltweg,  very  advantageous  to  add 
the  crop  ends  from  the  rail  mill  to  the  charge 
on  the  blast  furnace,  and  at  present,  from  this 
reason,  the  blast  furnace  at  Zeltweg,  which 
formerly  only  produced  230  tons  of  gray  Bes- 
semer pig  iron  per  week,  now  turns  out  270, 
the  increase  of  the  forty  tons  in  the  make  cor- 
responding exactly  to  the  quantity  of  rail  ends 
added  to  the  charge. 

Blown  Cast  Iron. — From  the  Honiteur  des 
Interets  Materiels,  for  the  28th  November, 
1875,  we  learn  that  considerable  attention  has 
been  given  of  late,  in  Belgium,  to  a  method 
for,  to  some  degree,  refining  cast  iron  previous 
to  puddling,  put  in  practice  by  M.  Fernand 
Hamoir,  of  Maubeuge.  The  process  consists 
of  submitting  the  cast  iron,  at  the  instant  it  is 
tapped  from  the  blast  furnace,  to  a  current  of 
air  from  the  same  blast  that  is  being  supplied 
to  the  tuyeres  of  the  furnace  itself  ;  the  pro- 
cess is  very  rapid,  and  the  apparatus  simple 
and  inexpensive,  while  the  advantage  obtained 
is,  that  the  pig  iron  is  so  far  refined  that  one 
charge  more  per  twenty-four  hours  can  be 
worked  in  the  puddling  furnace. 

Thin  Iron. — Some  exceedingly  thin  iron 
sheets  have  just  been  rolled  at  the  works 
of  the  Pearson  and  Knowles  Coal  and  Iron 
Company,  at  Warrington.  They  are  stated  to 
be  no  more  than  0.0015  in.  thick,  and  the  speci- 
men forwarded  to  the  Mining  Journal  office  is 
about  two  in.  by  one  and  a-half  in.,  and  has 
but  four  very  small  holes  in  it.  The  peculiari- 
ty is  that  Mr.  Hooper,  the  energetic  manager 
of  the  works,  rolls  the  sheets  from  iron  pro- 
duced, from  the  pig  to  the  rolled  sheet,  at  the 
Company's  Dallam  and  Bewsey  forges,  by  a 
process  devised  by  himself,  and  which  permits 
of  the  sheets  being  rolled  several  at  once,  and 
without  sticking.  The  iron  must  be  of  excel- 
lent quality  to  permit  of  such  thin  sheets  being 
rolled  at  all. 


RAILWAY  NOTES, 

Tilp's  Locking  Bolt. — Owing  to  several  con- 
curring causes — imperfections  in  the  per- 
manent way,  imperfect  balancing  of  the  moving 


parts,  and  the  effect  of  the  working  of  the  en- 
gine— locomotives  in  action  are  liable  to  an  in- 
convenient and  even  dangerous  amount  of 
lateral  oscillation,  technically  known  as 
shouldering.  To  reduce  this  action  to  its  least 
possible  limits,  Mr.  Emil  Tilp  has  invented  an 
apparatus  already  extensively  adopted  through- 
out the  Continent,  and  for  which  Mr.  Henry 
Simon,  of  Manchester,  is  the  English  agent. 
Mr.  Tilp's  plan,  in  brief,  consists  in  locking 
together  the  contiguous  ends  of  the  engine  and 
tender  by  means  of  a  locking  bolt,  so  arranged 
that  when  they  pass  on  to  a  curve  the  locking 
bolt  is  automatically  withdrawn,  the  engine, 
and  tender  being  thus  allowed  to  assume  the 
requisite  angular  position.  This  bolt,  which 
is  made  of  suitable  strength,  is  fixed  on  the  end 
of  the  tender  framing  next  the  engine,  passing 
through  a  guide  on  the  framing.  The  head  of 
the  bolt  has  bevel  side  faces,  and  fits  into  a  re- 
cess having  correspondingly  beveled  faces 
formed  in  a  strong  boss  fixed  on  the  trailing 
buffer-plate  of  the  engine.  The  bolt  is  acted 
upon  at  its  inner  end  by  a  strong  spring  tend- 
ing to  keep  it  engaged  in  the  recess  in  the  boss 
just  mentioned,  a  screwed  collar  being  provided 
on  it,  against  which  the  spring  bears,  and  by 
adjusting  which  the  pressure  of  the  spring  may 
be  regulated.  The  bolt  is  furthermore  linked 
to  the  ends  of  two  levers  extending  horizontal- 
ly on  each  side  of  it  towards  the  side  framing 
of  the  tender,  to  which  their  other  ends  are 
linked.  At  intermediate  points  of  their  length 
these  levers  are  made  to  bear  against  strong- 
pins  passing  through  guides  in  the  end  framing 
of  the  tender,  and  bearing  against  the  end 
framing  of  the  engine  at  some  distance  apart, 
on  each  side  of  the  before-mentioned  locking 
bolt.  From  this  description  it  will  be  under- 
stood that  as  long  as  the  longitudinal  axes  of 
engine  and  tender  are  in  a  line  they  will  be 
locked  together  and  lateral  motion  prevented. 
On  the  other  hand,  when  the  engine  and  tender 
pass  from  a  straight  line  on  to  a  curve,  the  end 
faces  of  the  engine  and  the  tender  framing  in 
approaching  each  other  on  one  side  of  the  lock- 
ing bolt,  due  to  the  angle  formed  between 
them,  will  cause  one  of  the  before-mentioned 
pins  to  be  forced  inwards,  whereby  the  corres- 
ponding lever  will  be  forced  back,  and  wi,l 
thus  be  made  to  withdraw  the  locking  bolt  as 
far  as  necessary  from  the  recess  on  the  engine. 
— Iron. 

Railway  Signals  and  Blocks. — The  High 
land  Railway  of  Scotland  has  introduced 
upon  its  road  what  the  English  journals  de- 
scribe as  a  novel  and  ingenious  combined  block 
and  signal  system,  the  invention  of  Dr.  Whyte, 
who  has  devoted  several  years  to  the  wcrk  of 
improving  the  mechanical  arrangements  for 
operating  railway  trains.  The  system  is  en- 
tirely self-acting,  and  its  operations  are  per- 
formed with  the  agency  of  an  electro-magnetic 
machine  of  simple  construction.  An  engine 
running  past,  say  two  stations,  blocks  the  line 
at  the  first  by  raising  a  seniaphore  ;  places  an 
automatic  check  against  the  passing  of  a  second 
engine  by  the  ringing  of  an  alarm  bell  on  the 
second  engine  itself,  should  it  attempt  to  fol- 
low;   announces  its  approach  to  the  second 
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station,  or  can  be  stopped  by  the  station-master 
there  ;  while  on  reaching  that  station,  it  clears 
the  line  at  the  previous  one  of  both  semaphore 
and  alarm  bell,  so  as  to  leave  it  free  for  any 
approaching  train.  The  apparatus  itself  may 
be  divided  into  two  parts,  one  being  on  the  en- 
gine and  the  other  connected  with  the  line. 
Four  wire  brushes,  each  pair  mechanically 
connected,  are  suspended  from  the  engine,  one 
pair  having  a  battery  and  bell  in  circuit,  and 
the  other  a  bell.  A  wheel  descends  alongside 
these  brushes.  On  the  line,  between  the  rails, 
at  such  distances  as  may  be  thought  requisite, 
or  in  close  proximity  to  each  station,  a  series 
of  insulated  metallic  plates,  in  an  air-tight  box, 
are  laid  down,  each  plate  being  from  five  to 
ten  feet  long.  By  the  side  of  each  pair  of 
plates,  the  ends  of.  which  are  connected  by 
wires,  is  placed  an  electro-magnet,  with  wires 
from  a  battery  attached.  The  keeper  of  the 
magnet  is  fixed  to  a  lever  by  means  of  a  pulley, 
and  as  the  engine  travels  past,  this  lever  is 
pressed  upon  by  the  wheel  above  mentioned, 
and  the  keeper  is  forced  up  against  the  poles 
of  the  magnet.  Thus  the  semaphore  arm  is 
raised  and  the  line  effectually  blocked.  With 
the  view,  however,  to  guard  against  a  possible 
inattention  on  the  part  of  the  driver  of  an  en- 
gine approaching  the  apparatus,  the  box  is  left 
in  such  a  position  that  should  his  engine  pass 
over  it  while  the  signal  is  up  the  alarm  bell  on 
the  engine  itself  is  instantly  rung.  The  first 
engine  having  successfully  blocked  the  line  in 
the  rear,  proceeds  to  the  next  station  or  signal 
post,  where  the  line  is  again  blocked  ;  and  by 
means  of  wires  to  the  last  box  and  mechanism 
similar  to  that  above  described,  the  electro- 
magnet at  the  former  station  is  released,  the 
semaphore  lowered,  and  the  way  left  clear  be- 
tween these  two  sections.  Thus  it  is  clear  that 
each  train  protects  its  rear  for  the  distance  be- 
tween each  pair  of  plates.  The  line  being,  as 
it  were,  divided  into  sections,  each  train  as  it 
enters  a  section  instantly  blocks  it  so  that  no 
other  train  can  follow  until  the  first  has  pro- 
ceeded, without  the  bell  being  rung  as  a  warn- 
ing. Connected  with  this  automatic  electrical 
block  system  is  an  arrangement  by  which  each 
train  can  announce  its  approach  to  any  station, 
and  another  for  giving  the  station-master  the 
power  to  stop  a  train  by  causing  the  bell  on  the 
engine  to  ring.  The  brushes  on  the  engine 
are  the  means  by  which  this  is  accomplished  ; 
a  powerful  battery  placed  at  one  station,  or 
smaller  batteries  placed  in  suitable  positions 
along  the  line,  being  the  agency  by  which  the 
apparatus  is  operated.  As  these  batteries  are 
never  in  circuit  except  when  a  train  works 
them,  the. waste  is  reduced  to  a  minimum. 
The  advantages  claimed  for  this  system  are 
that,  being  self-acting,  it  entirely  dispenses 
with  manual  labor,  which  at  some  critical  mo- 
ment is  apt  to  be  at  fault ;  that  its  certainty  of 
instantaneous  action  is  secured  by  the  conceal- 
ment of  its  working  parts,  and  their  protection 
from  wet  and  dust,  and  finally  that  the  expense 
of  application  is  comparatively  small. 
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I? ast    Riyer   Bridge. — The    Chrome    Steel 
j    Company,  Brooklyn,   havie  obtained  the 


contract  to  furnish  the  steel  and  iron  ropes  re- 
quired for  the  erection  of  the  temporary  foot 
bridge,  cradle  cables  and  other  appliances  nec- 
essary for  the  construction  of  the  main  cables 
of  the  East  River  Bridge.  The  ropes  will  be 
furnished  as  required  in  the  following  order  : 
First,  four  working  ropes  for  pulling  over 
wires,  each  rope  to  be  3,800  feet  long,  and  of 
a  breaking  strength  of  not  less  than  eighteen 
tons.  Second,  a  carrier  rope  of  3,710  feet, 
and  a  breaking  strength  of  not  less  than  sixty 
tons.  Third,  three  cradle  ropes  of  3,625  feet 
in  length,  and  a  breaking  strength  of  not  less 
than  180  tons.  Fourth,  two  foot  bridge  ropes 
of  3,625  and  3,688  feet  long  respectively,  and 
a  breaking  strength  of  not  less  than  240  tons. 
Fifth,  the  under  floor  guys  and  suspenders  of 
an  aggregate  length  of  10,868  feet.  Sixth,  the 
handrail  ropes  of  a  length  of  3,500  feet. 
Seventh,  the  four  pendulum  ropes  for  separat- 
ing strands  of  a  length  of  3,700  feet  each. 

The  St.  Gothard  Tunnel.  —  A  highly 
interesting  paper  on  the  mechanical 
arrangements  for  the  driving  of  the  tunnel  of 
the  Gothard  was  read  before  the  Swiss  Society 
of  Natural  Sciences,  at  their  meeting  at 
Andermatt,  by  Prof.  D.  Colladon,  the  con- 
sulting engineer  of  the  enterprise,  in  which  he 
remarks  that  the  St.  Gothard  Tunnel  has  no 
comparable  precedents  but  those  of  Mont. 
Cenis,  completed  in  1871,  and  of  Hoosac,  in 
the  United  States,  finished  in  1874.  The 
Mont  Cenis  Tunnel,  12,233  meters  in  length, 
undertaken  by  eminent  engineers  at  the  cost 
of  the  Sardinian  Government,  and  in  the  con- 
struction of  which  no  useful  expense  was 
spared,  required  thirteen  and  a  half  years  for 
its  completion.  At  Hoosac,  where  the  total 
length  was  7,634  meters,  the  average  progress 
even  in  later  years  was  below  that  attained  at 
Mont  Cenis.  For  the  Hoosac  Tunnel  the  cost 
per  running  meter  was  over  6100  frs.  The  St. 
Gothard  Tunnel,  driven  in  harder  rocks,  and 
14,920  meters  long,  is  in  course  of  construction 
by  a  Swiss  Company,  and*  according  to  the 
contracts  must  be  completed  in  eight  years,  or 
in  nine  years  at  the  utmost.  Considering  the 
extra  length,  and  the  shorter  time  allowed, 
the  driving  ought  to  go  on  twice  as  quickly  as 
that  of  Mont  Cenis.  Now,  can  this  St. 
Gothard  Tunnel  be  finished  in  eight  or  nine 
years?  is  a  question  which  properly  pre- 
occupies the  industrial  world.  This  leading 
question  of  time  is  connected  with  that  of  the 
mode  of  execution,  and  with  some  technical 
principles  upon  which  engineers  are  far  from 
being  in  accord.  A  tunnel  for  a  double  line, 
like  that  of  the  Frejus  or  the  Gothard,  necessi- 
tates an  excavation  eight  meters  wide  and  six 
meters  high,  exclusive  of  the  space  for  the 
masonry.  The  whole  of  this  large  section, 
however,  is  not  opened  simultaneously,  but 
only  a  small  level — the  gallerie  d' advancement 
or  de  direction — about  2.40  meters  high  and 
2.60  meters  wide,  which  is  always  kept  about 
200  or  250  meters  ahead  of  the  enlarged  por- 
tion. This  small  heading  is  driven  by  means 
of  machines  worked  by  compressed  air,  which 
furnishes  both  motive  power  and  ventilation 
according  to  the  system  proposed  by  Prof 
Colladon" in  1852  for  the  Mont  Cenis. 
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The  rock-drills,  originally  invented  by  Bart- 
lett  in  1855,  modified  and  improved  by  the 
celebrated  Sommeiller  in  1857,  are  greatly 
multiplied  and  improved,  and  at  the  present 
time  there  are  twenty  or  twenty-five  different 
systems  of  these  apparatus.  Now,  ought  the 
advance  heading  to  be  driven  at  the  top  or  at 
the  bottom  of  the  large  section  ?  Both  methods 
have  their  partisans,  more  or  less  exclusive. 
The  Mont  Cenis  Tunnel  was  commenced  at 
the  bottom  ;  in  the  Hoosac  Tunnel  both  sys- 
tems were  tried.  For  the  St.  Gothard  Mr. 
Favre  preferred  the  advance  heading  at  the 
top  ;  he,  moreover,  employs  mechanical  drills 
both  for  the  advance  headings  and  the  enlarge- 
ments— the  speed  with  which  the  work  has 
progressed  shows  the  value  of  his  method.  A 
memoir  on  the  comparative  advantages  of  the 
two  systems,  by  Mr.  J.  Kauffmann,  and  which 
is  decidedly  in  favor  of  Mr.  Favre's  system,  is 
well  worth  perusal.  The  advance  heading, 
then,  has  a  section  of  six  or  seven  square 
meters.  As  the  whole  tunnel  will  be  lined, 
there  must  further  be  excavated  the  space  for 
the  masonry,  so  that  the  roof  of  the  advance 
heading  will  be  6.50  or  7  meters  above  the  fu- 
ture level  of  the  rails.  It  will  be  understood 
that  in  the  work  of  driving  with  powder  or 
dynamite,  the  several  stalls  where  the  rock  is 
blown  out  cannot  be  worked  too  neaily  togeth- 
er without  perpetual  danger  to  the  sub-engin- 
eers and  workmen;  the  excavations  are,  there- 
fore, carried  on  at  the  distances  necessary  to 
insure  security  for  the  men  and  apparatus. 
The  end  of  the  advance  heading — the  fore- 
breast  or  face — is  200  or  250  meters  in  advance 
of  the  place  where  the  "  abattages"  are  made 
for  putting'  in  the  masonry  roof.  Again,  at 
200  or  300  meters  behind  the  abattages  they 
make  another  working  underhand,  called  the 
"  cunette  du  st-rosse,"  which  is  wrought  down 
to  the  level  of  the  future  tunnel — that  is  to  say, 
four  or  five  meters  below  the  level  of  the  floor 
of  the  advance  heading  ;  its  width  is  about 
three  meters.  In  the  same  way  behind  the 
face  of  the  cunette  they  excavate  the  lateral 
portion,  which  is  called  the  strosse,  and  when 
the  strosse  is  excavated  they  have  the  whole 
section  opened,  and  the  masonry  is  put  in.  The 
abattages  and  the  advance  heading  are  fur- 
nished with  a  tramway,  and  a  tramway  is  also 
laid  on  the  floor  of  the  cunette.  Numerous 
wagons  are  moving  about  incessantly  on  these 
railways,  carrying  in  tools  and  materials,  and 
bringing  out  the  attle. 

It  is  an  incontestable  axiom  that  the  faster 
the  advance  heading  progresses  the  more  rap- 
idly can  the  entire  tunnel  be  completed.  For, 
in  the  forebreast  the  rock  being  altogether  in 
the  solid,  the  blasting  takes  less  effect,  and 
moreover  but  few  machines  and  few  men  can 
be  employed,  whilst  in  the  enlargement  more 
machines  can  be  put  in  and  incomparably  more 
men.  The  progress  made  at  the  forebreast  by 
Mr.  Favre  and  his  engineers  may,  without  ex- 
aggeration, be  described  as  marvelous,  especi- 
ally when  compared  with  what  had  previously 
been  done  in  rocks  of  similar  character.  Will 
this  rate  of  speed  be  maintained  ?  It  may 
safely  be  believed  that  it  will,  since  at  Mont 
Cenis  the  progressive  improvement  in  the  speed 


continued  to  the  end.  During  the  last  three 
years,  1868,  1869,  1870,  the  forebreast.  advanced 
1,320,  1,431,  1,635  meters  respectively.  These 
last  figures  would  give  409  meters  as  the  maxi- 
mum reached  at  the  Frejus  in  any  three  months 
during  the  thirteen  years  it  was  in  course  of 
construction.  At  Hoosac  (Massachusetts),  al- 
though they  employed  nitroglycerine  and  faster 
drills  than  those  of  Mont  Cenis,  the  three- 
monthly  progress  for  the  later  years,  for  both 
ends  combined,  was  but  207  meters  in  1870, 
238  meters  in  1871,  and  237  meters  in  1872. 
But  what  has  been  the  progress  for  the  last  five 
quarters  at  the  Gothard  ?  During  the  quarter 
ending  Oct.  1,  1874.— Goeschenen  end,  321.60 
meters  ;  Airolo  end,  174.10  meters,  together 
495. 70  meters.  Quarter  ending  Jan.  1,  1875.— 
Goeschenen,  283. 6Q  meters  ;  Airolo,  243.30 
meters=526.90  meters.  Quarter  ending  April 
1,  1875.— Goeschenen,  267.90  meters;  Airolo, 
289.10-557.00  meters.  Quarter  ending  July  1, 
1875. — Goeschenen,  312.10  meters  ;  Airolo, 
344.20=656.30.  And  during  the  quarter  end- 
ing Oct.  1,  1875.— Goeschenen,  360.90  meters  ; 
Airolo.  326.20  meters,  together  687.10  meters. 
This  latter  rate  would  permit  of  the  construc- 
tion of  the  entire  tunnel  from  end  to  end  in 
less  than  five  and  a-half  years.  The  prophets 
have  declared  that  Mr.  Favre,  impeded  by  the 
excessive  hardness  of  the  rocks,  and  by  a  much 
greater  quantity  of  water  than  was  met  with 
either  at  Frejus  or  at  Mount  Hoosac,  could 
not  in  any  case  exceed  the  average  of  three 
meters  per  day  at  each  forebreast — that  is  550 
per  three  months  for  both  ends.  During  the 
last  three  quarters  this  predicted  maximum  has 
become  the  minimum.  The  two  last  have 
given  3.60  meters  and  3.80  meters  average 
daily  progress  at  each  forebreast.  And  in  this 
period,  moreover,  there  were  some  lost  days 
for  the  verification  of  the  alignment  and  the 
momentary  strike  at  Goeschenen. 

In  spite  of  this  eminent  success  malevolence 
has  not  been  killed.  It  is  predicted  afresh 
that  the  tunnel  will  not  be  finished  in  eight 
years,  because  the  total  cube  already  extracted 
is  insufficient,  and  so  on  In  the  first  place,  it 
is  not  eight  years  but  nine  years  that  is  allow- 
ed by  the  contracts,  with  enormous  fines  it  is 
true,  but  this  is  certainly  the  limit  which 
should  be  referred  to,  and  when  a  contractor 
is  securing  for  a  company  15,000,000  frs.  he  is 
at  least  entitled  to  the  greatest  courtesy  both 
from  the  members  of  the  company  and  from 
the  workmen,  especially  after  having  achieved 
a  success  which  already  reflects  great  honor 
upon  Switzerland.  It  is  evident  that  progress 
in  works  without  precedent,  and  where  all 
difficulties  seemed  to  be  accumulated,  must  re- 
sult from  experimental  trials,  surve}-s,  and  suc- 
cessive improvements,  and  that  this  progress 
cannot  be  effected  in  a  few  months,  nor  even 
in  a  single  year.  The  works  at  Mont  Cenis, 
where  expense  was  little  thought  of,  and  where 
each  kilometer  driven  cost  double  that  of  the 
Gothard,  proved  it,  since  up  to  the  last  year 
of  the  working  the  engineers  and  contractors 
of  the  Frejus  made  improvements  both  in  the 
machinery  and  the  organization  of  the  work. 
Mr.  Favre  has  had  to  consider  before  every- 
thing the  pushing  forward  of  the  forebreast. 
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In  three  years  he  has  succeeded  beyond  the 
most  sanguine  expectations,  thanks  to  his  ac- 
tivity, energy,  ingenuity,  and  enormous  sacri- 
fices. To-day,  doubt  is  only  expressed  wheth- 
er the  enlargement  can  be  carried  on  with 
equal  rapidity,  and  upon  this  point  it  may  be 
hoped  that  when  the  improvements  in  progress 
and  those  projected  shall,  have  had  time  to  be 
completed,  experience  will  prove  that  the  fears 
entertained  with  regard  to  the  promises  of  the 
very  able  contractor  were  premature  and  un- 
just. 

1  ^  i 

ORDNANCE  AND  NAVAL. 

Egerton's  Channel  Ferry  and  Cattle 
Ship. — Some  time  ago  we  described  in 
Iron  the  very  ingenious  Channel  Steam  Ferry, 
designed  by  the  late  Mr.  Evan  Leigh,  of  Man- 
chester, and  still  later  made  a  brief  mention  of 
a  vessel  devised  for  a  similar  purpose  by  Mr. 
Hugh  A.  Egerton.  Lately  we  had  an  oppor- 
tunity of  witnessing  a  trial  of  Mr.  Egerton's 
model  on  the  lake  at  the  Welsh  Harp,  Hendon, 
and  as  the  same  model  will  be  exhibited  shortly 
on  the  Serpentine,  the  present  appears  an  op- 
portune time  for  giving  some  fuller  account  of 
the  inventor's  proposal. 

The  first  idea  we  shall  mention  is  not  new. 
It  is,  to  carry  whole  trains  across  the  Channel 
in  a  specially  constructed  vessel.  Mr.  Egerton's 
notion  is  the  eminently  comfortable  one,  that 
a  traveler  to  Paris  should  take  his  seat  at  Vic- 
toria or  Charing  Cross,  and  retain  it  till  he 
reaches  Paris  or  any  other  station  at  which  he 
desires  to  alight,  fie  is  not  alone  in  so  exalt- 
ing the  merits  of  comfortable  traveling,  as  to 
suppose  that  the  number  of  persons  who  would 
cross  the  Channel  would  be  at  once  trebled  if 
some  such  method  of  abridging  the  horrors  of 
the  middle  passage  could  be  carried  into  prac- 
tice. The  vessel  he  suggests  is  of  an  immense 
breadth  of  beam,  being,  in  fact,  228  feet  wide 
and  600  feet  in  length.  This  is,  in  truth,  as  he 
admits,  quite  a  monster  in  naval  construction, 
though  possibly  no  more  a  monstrosity  than 
the  circular  ironclads  upon  which  Mr.  Reed 
has  lately  set  his  heart.  At  any  rate,  it  rivals 
them  in  stability,  and  the  most  qualmish  of 
travelers  need  not  fear  any  derangement  of  the 
stomach.  Mr.  Reed's  experience  in  this  direc- 
tion on  the  Popoffka  supports  Mr.  Egerton's 
statement,  that  it  is  next  to  impossible  for  a 
passenger  on  his  Leviathan  (so  to  call  it)  to  be 
sea-sick.  This  would  be  an  important  consid- 
eration to  the  1,500  passengers  in  fifty  railway 
carriages  which  he  proposes  to  carry  on  his 
decks,  and  the  freedom  from  pitching  and  roll- 
ing would  be  no  less  important  a  matter  to  the 
consignors  of  the  parcels  in  his  sixty  loaded 
^oods  trucks. 

The  chief  peculiarities  of  the  construction 
of  the  Leviathan  will  be  best  introduced  by 
the  inventor's  own  very  lucid  statement  of  the 
principle  upon  which  she  is  designed.  This  is 
briefly,  that  the  size  of  a  floating  body  must 
be  adapted  to  the  waves  it  is  intended  to  en- 
counter, if  freedom  from  vertical  motion  is 
desired.  This  is  very  plainly  explained  by  the 
following  extract  : 

' '  Put  a  small  boat  in  a  breeze  off  Woolwich, 


and  she  will  pitch  and  roll  quite  sufficiently  to 
make  a  nervous  landsman  unhappy  ;  but  the 
sailing  barge  passing  by  at  the  same  time  will 
not  have  the  least  rocking  motion.  Place  the 
sailing  barge  off  the  Nore  in  half  a  gale  of  wind, 
and  she  will  imitate  the  small  boat  at  Wool- 
wich ;  but  the  large  emigrant  vessel  just  being 
towed  out  will  be  unaffected  by  such  waves. 
Let  the  emigrant  vessel  be  off  Plymouth,  with 
a  heavy  sea  on,  and  she  will  pitch  like  the  barge 
at  the  Nore  and  the  small  boat  at  Woolwich  ; 
but  the  Great  Eastern  in  the  same  position,  with 
the  wind  dead  ahead,  will  be  as  steady  as  a 
rock,  and  yet  the  Great  Eastern  would  dip  her 
nose  into  the  water  in  a  gale  off  '  the  Horn  ; ' 
and  any  ship  in  existence,  built  on  the  present 
system,  will  roll  with  very  slight  cause. 

"Again,  place  in  a  pond  a  cylinder  of  any 
material,  tapering  towards  each  end,  and  so 
weighted  as  (when  in  the  water)  to  be  immersed 
one-half  of  its  diameter.  Suppose  the  cylin- 
der to  be  one  inch  in  diameter  and  twenty-four 
inches  long.  Then  let  the  waves  be  half  an  inch 
high,  but  not  more,  and  if  the  waves  are  com- 
ing in  a  direction,  fore  and  aft,  the  cylinder 
will  have  no  motion,  but,  if  coming  beam  on, 
the  cylinder  will  have  some  vertical  motion, 
and  will  roll  slightly.  Now,  take  two  more 
cylinders  the  same  as  the  first,  and  connect 
them  together  by  cross-bars  on  the  top  on3y, 
and  let  the  cylinders  have  a  clear  space  be-  » 
tween  them  of  three  inches  (at  the  centre), 
thereby  forming  a  kind  of  pontoon-raft,  twenty- 
four  inches  long  and  nine  inches  wide  (amid- 
ships) ;  put  this  raft  into  the  water,  and  it  will 
neither  pitch  nor  roll;  the  vertical  motion  will, 
moreover,  be  much  diminished,  no  matter 
which  way  the  waves  may  come,  always 
provided  that  they  do  not  exceed  half  an 
inch  in  height.  The  reason  for  this  is,  that 
the  raft  is  too  long  to  pitch  and  too  wide 
{nautice,  with  too  much  beam)  to  roll.  The 
cause  of  the  diminished  vertical  motion  will 
be  referred  to  afterwards.  Now,  increase  the 
dimensions  of  the  cylinders,  make  them  one 
foot  diameter  and  twenty  four  feet  long,  try 
them  with  waves  not  exceeding  six  inches  in 
height,  and  the  result  will  be  precisely  the 
same  as  in  the  first  case.  If  the  cylinders  are 
increased  in  diameter  and  the  size  of  the  waves  H 
is  increased  in  proportion,  there  will  always 
be  the  same  result.  In  short,  the  motionof 
the  waves  can  only  be  counteracted  by  the  size 
of  the  vessel  subjected  to  their  action.  If  the 
1  vessel  be  long  enough  and  wide  enough,  it  will 
neither  roll  nor  pitch.  It  is  quite  true,  that  if 
a  ship  were  built  according  to  the  present  sys- 
tem, with  the  length  proportioned  to  the 
breadth,  in  the  ratio  of  twenty-four  to  nine, 
the  extreme  speed  likely  to  be  obtained  under 
the  most  favorable  circumstances  would  be  one 
knot  per  hour,  but  this  question  of  speed  will 
j  be  considered  further  on.  The  present  pro- 
j  position  is,  that  if  the  vessel  be  constructed 
'  long  enough  and  wide  enough,  it  will  neither 
pitch  nor  roll. 

"In  the  heaviest  seas  known  in  the  Channel, 
between  Dover  and  Calais,  the  waves  run  four- 
teen feet  high.  In  order  to  remain  steady  in 
such  a  sea,  a  ship  should  be  600  feet  long  and 
228  feet  beam.     A  structure  having  these  pro- 
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portions  will  lie  as  quietly  on  waves  fourteen 
feet  high  as  though  at  anchor  in  Dover  Har- 1 
bor."  I 

Mr.  Egerton's  Leviathan  is  therefore  to  be  1 
built  on  this  principle,  which  is  well  illustrated  ! 
"by  the  working  model  to  which  we  have  re-  j 
ferred.     We  would  prefer  not  to  fully  endorse 
the  inventor's  estimate  (fifteen  knots  an  hour) 
of  the  speed  to  be  obtained  by  his  vessel,  as  j 
though  the  model  sails  very  well,  the  friction 
of  a  full-sized  vessel  is  by  no  means  propor- 1 
tionate  to  that  of  a  model.     Three  pontoons  in 
water-tight  compartments,  and  shaped  on  the  j 
lines  of  a  fast-sailing  yacht,  each  fitted  with 
two    huge  paddle-wheels,    are   connected   by 
twenty-eight  transverse  girders,    such  as  are  ! 
used  for  bridges.     The  strength  of  this  struc- 
ture is  simply  a  matter  for  engineering  calcula- 
tion, and  there  can  be  no  difficulty  in  meeting 
all  necessary  requirements  on  this  score.     A 
deck  upon  the  girders,  another  on  their  lower 
sides,  and  such  intermediate  ones  as  are  need-  j 
ed,  and  the  whole  design  is  before  the  mind,  j 
The   pontoons  are  one-third  longer  than  the  j 
the  deck  above,  so  that  one-eighth  of   their 
length  projects  at  each  end.     No  steering  ap- 
paratus is  needed,  as  any  one  of  the  three  engines 
can  be  slowed  or  reversed  at  pleasure,  and  as 
was  proved  by  the  model  the  vessel  can  spin 
upcn  its  center  as  readily  as  a  teetotum,  or  the 
Popojfka  itself. 

Apart  from  the  commercial  aspects  of  the 
project,  the  chief  objection  to  the  employment 
of  vessels  of  such  a  size  is,  the  necessity  of 
building  special  harbors  for  them.  This  ob- 
jection is  ingeniously  met  by  the  statement 
that  no  harbors  whatever  are  required,  but 
only  a  right-angled  pier,  to  which  the  Leviathan 
can  come  end  and  broadside  on,  so  that  trains 
may  be  run  direct  upon  it.  The  dimensions 
given  above  are  expressly  adapted  for  the  high- 
est wave  in  the  English  Channel,  namely,  four- 
teen feet,  and  it  is  claimed  that  a  vessel  of  this 
type  would  rest  as  quietly  upon  such  waves  as 
if  she  were  in  dock.  For  further  details  re- 
specting both  construction  and  cost,  we  must 
refer  our  readers  to  Mr.  Egerton's  pamphlet 
on  the  subject,  simply  saying  that  the  estimat- 
ed cost  of  a  ferry-boat  for  service  between 
Dover  and  Calais  is  £100,000. 

Another  suggested  application  of  such  boats 
as  this  is  towards  the  solution  of  what  is  truly 
one  of  the  most  serious  problems  of  the  day, 
namely,  the  transport  of  live  cattle  from 
America  and  Australia,  where  they  are  of  but 
little  value,  to  our  own  shores,  where  they  are 
so  much  needed.  The  inventor,  as  an  old 
colonist,  is  fully  alive  to  this,  and  he  has  fav- 
ored us  with  calculations  to  show  that  a  most 
remunerative  trade  might  be  done  in  this  di- 
rection. We  shall  be  glad  to  find  these  antici- 
pations justified,  but  for  the  present  we  can 
do  no  more  than  give  our  readers  some  idea  of 
the  ingenious  proposals  put  forward  by  Mr. 
Egerton,  and  leave  them  to  be  discussed  upon 
their  merits. — Iron. 
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.    Boller,  C.  E.     New  York  :  Wiley. 


Mr.  Boiler,  in  writing  for  the  benefit  of 
amateurs  and  engineers  of  limited  training, 
has  done  a  good  service. 

Hand-Book  of  Electrical  Diagrams  and 
Connections.  New  York :  The  Graphic 
Company.  For  sale  by  Van  Nostrand.  Price 
$1.50. 

To  all  interested  in  Telegraphy,  this  book  of 
diagrams  will  prove  attractive,  and,  doubtless, 
valuable.  Full-page  illustrations  of  the  differ- 
ent repeaters,  switches,  connections,  etc.,  includ- 
ing the  latest  inventions,  are  given,  in  very 
neat  form,  and  with  special  reference  to  the 
elucidation  of  the  principle  of  action.  There 
are  thirty  of  these  plates,  besides  several 
smaller  cuts  exhibiting  different  forms  of  bat- 
tery. 

Only  so  much  text  is  included  as  serves  to 
briefly  describe  the  diagrams, 

A  map  of  the  World's  Cable  Service  closes 
the  volume. 

treatise  on  the  mechanical  theory  of 
Heat,  and  its  Applications  to  the 
Steam  Engine,  etc.  By  R.  S  McCulloch, 
C.  E.     New  York  :  D.  Van  Nostrand. 

This  work  begins  with  a  historical  chapter. 
A  brief  sketch  of  the  theories  and  labors  of 
Huyghens,  Young,  Fresnel,  Rumford,  Davy, 
Carnot,  Mayer,  Thomson,  Clavsius,  Joule, 
Tyndall,  and  Maxwell,  is  neatly  and  concisely 
given. 

The  second  and  third  chapters  deal  with 
Dynamics.  Starting  with  Bartlett's  general 
equation  of  energy,  the  author  proceeds  to  de- 
duce a  system  of  thermodynamics  ;  nothing 
could  be  better  as  an  exercise  for  students  of 
physics  than  to  thoroughly  master  this  portion 
of  the  book. 

Chapter  Fourth  presents  General  Laws  ; 
Chapter  Fifth,  Airs  and  Vapors ;  Chapter 
Sixth,  Internal  Energy  •  Chapter  Seventh,  Air 
Engines. 

In  Chapter  Eighth,  the  author,  treating  of 
Thermal  Laws,  has  presented  a  beautiful  gen- 
eralization of  these  laws  which  applies  to  all 
states  of  matter.     It  is  a  treatise  complete. 

The  applications  of  these  principles  fill  the 
remaining  chapters,  four  in  number  :  Steam, 
Steam  Engines,  and  Miscellaneous  Applica- 
tions, are  discussed  in  turn,  and  all  with  re- 
markable conciseness. 

For  the  scientific  student,  who  is  familiar 
with  the  Calculus,  there  is  no  book  known  to 
us  that  can  compare  favorably  with  this  treat- 
ise. We  look  for  a  widespread  demand  for  it 
as  a  scientific  text  book. 

TRAMWAYS :  THEIR  CONSTRUCTION  AND  WORK- 
ING. By  J.  E.  and  A.  Dowson.  London : 
1875.  For  sale  by  Van  Nostrand.  Price  $1.50. 
Tramways  have  had  a  hard  fight  for  it ;  but 
they  may  now  be  considered  to  have  estab- 
lished themselves  as  an  abiding  element  of 
street  traffic  in  large  towns,  and  there  is  no 
apparent  reason  why  they  should  not  also  be 
introduced  into  populous  country  districts. 
By  and  by,  too,  steam  or  some  other  mechani- 
cal motive  power  will  doubtless  be  applied  to 
tram-car  traction.  The  original  form  of  the 
metals  was  extremely  inconvenient,  and  that 
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enabled  the  opposition  of  omnibus  companies 
and  of  other  interested  and  non-progressive 
interests  to  triumph  for  a  time  in  the  me- 
tropolis; but  the  form  of  the  rail  was  improved, 
and  various  other  imperfections  were  remedied. 
A  book  like  the  present,  in  which  information 
is  gathered  from  all  parts  of  the  world,  must 
smooth  the  way  to  a  farther  advance.  The 
authors  treat  successively  of  the  construction 
and  equipment  of  tramways,  their  working 
expenses  and  maintenance,  of  mechanical 
motive  power,  working  of  traffic,  checking 
receipts,  &c,  adding  in  an  appendix  some 
tables  of  statistical  returns  and  other  par- 
ticulars of  tramways  in  America.  Some  of 
the  information  regarding  the  checking  of  the 
receipts  is  very  curious.  The  dishonest  in- 
genuity of  the  conductors  seems  generally  to 
baffle  the  most  ingenious  checks.  In  the 
United  States  it  was  found  that  a  glass  fare 
box  would  sometimes  double  the  traffic 
returns. 

Rudiments  op  Geology.  By  Samuel  Sharp, 
F.  S.  A.,  F.  G.  S.     Second  Edition.    Lon- 
don :  Edward  Stanford. 

The  author  of  this  little  manual,  which  is 
designed  for  the  use  of  schools  and  junior 
students,  has  evidently  taken  considerable 
pains  to  make  his  work  fairly  represent  the  ex- 
isting state  of  geological  knowledge.  He  has, 
moreover,  succeeded  in  conveying  in  simple 
language  an  idea,  not  only  of  the  conclusions 
attained,  but  of  the  process  of  investigation 
and  reasoning,  followed  by  the  geologist  in  his 
researches,  and  we  regard  the  book  as  well 
adapted  to  introduce  a  beginner  to  the  study 
of  the  science,  and  to  prepare  him  for  the  pro- 
fitable perusal  of  more  extended  treatises.  As 
compared  with  some  of  the  similar  introduc- 
tory text-books  of  the  science,  which  have  re- 
cently been  published,  Mr.  Sharp's  manual 
labors  under  the  disadvantage  of  being  some- 
what inadequately  illustrated,  for  we  find  in  it 
only  a  few  diagrams,  and  no  figures  of  fossils. 
This  second  edition,  however,  is  certainly  a 
considerable  improvement  upon  the  first,  and 
the  division  of  Physical  Geology  has  received 
much  more  full  and  careful  treatment ;  the  ex- 
tent of  the  additional  matter  being  sufficient 
to  increase  the  number  of  pages  of  the  book 
from  126  to  mi.— Nature. 

On  Fermentation.  By  P.  Schutzenberger, 
Director  at  the  Chemical  Laboratory  at  the 
Sorbonne.  With  twenty-eight  illustrations. 
Henry  S.  King  &  Co.,  1876.  For  sale  by  D. 
Van  Nostrand.     Price  $1.50. 

The  work  on  fermentation  is  one  of  the 
International  Scientific  Series.  Starting  with 
a  thoroughly  philosophical  conception  of  his 
subject,  the  author  points  out  that  from  our 
present  stand-point  of  knowledge,  all  those 
phenomena  classed  together  under  the  name 
fermentation,  are  but  special  cases  of  the 
chemical  phenomena  of  life.  To  life,  how- 
ever, we  are  not  to  attribute  any  extra- 
material  force  or  influence.  Though  the  force 
that  can  reduce  the  complex  chemical  edifice 
called  sugar  in  a  certain  determinate  direction, 
is  manifested  only  in  the  living  cell  of  the 
ferment,  yet  this  "  is  a  force  as  material  as  all 


those  we  are  accustomed  to  utilize."  "In 
other  words,  there  is  really  no  chemical  vital 
force.  If  living  cells  produce  reactions  which 
seem  peculiar  to  themselves,  it  is  because  they 
realize  conditions  of  molecular  mechanism 
which  we  have  not  hitherto  succeeded  in 
tracing,  but  we  shall,  without  doubt,  be  able  to 
discover  at  some  future  time."  In  the  book 
will  be  found  a  clear  and  concise  statement  of 
our  present  knowledge  of  fermentation,  and  a 
brief  history  of  the  progress  of  opinion  and 
research.  The  outstanding  questions  (and 
there  are  many)  and  diverse  opinions  are 
presented  with  scientific  impartiality,  as  is  also 
contradictory  evidence.  It  is  gratifying  to 
observe  how  such  rival  theories  as  those  of 
Liebig  and  Pasteur  on  the  nature  of  fermen- 
tation can  be  swallowed  up  in  a  larger 
conception,  and  one  at  least  of  the  combatants 
conclude  that  both  may  be  right.  "  Fermenta- 
tion," says  Liebig,  "is  a  movement  comuni- 
cated  by  instable  bodies  in  process  of  chemical 
transformation."  "I  maintain,"  says  M. 
Pasteur,  "  that  the  chemical  act  of  fermenta- 
tion is  essentially  a  phenomenon  correlative  to 
a  vital  act."  "  So  be  it,"  replies  Liebig,  "  'a 
vital  act'  is  a  phenomenon  of  motion;  your 
special  views  fall  within  my  theory."  Neces- 
sarily large  space  in  this  work  is  given  to  the 
extensive  and  splendid  researches  of  M. 
Pasteur,  whose  views  the  author  follows  in 
the  main,  though  not  at  all  times  able  to  find 
them  quite  self-consistent  or  consistent  with 
admitted  facts.  On  the  great  question  of  most 
general  interest — What  is  the  origin  of  fer- 
ments ?  he  adopts  the  conclusions  of  M. 
Pasteur. 

A  Practical  Treatise  on  Roads,  Streets, 
and  Pavements.  By  Q.  A.  Gillmore, 
M.A.,  &c,  &c.  New  York:  D.  Van  Nostrand. 
Price  $2.00. 

This  practical  treatise  is  by  Lieutenant-Col. 
Q.  R.  Gillmore,  of  the  U.  S.  Corps  of  En- 
gineers, who  is  favorably  known  in  this 
country  as  well  as  America  by  his  works  on 
cements,  and  natural  and  artificial  building 
stones.  It  contains  a  good  deal  that  is  of 
course  familiar  to  English  readers,  and  some 
matter  of  little  use  to  them ;  but  there  is  never- 
theless much  in  it  interesting  and  instructive, 
and  it  should  find  a  fair  circulation  among 
English  engineers  and  borough  surveyors. 

Col.  Gilmore  sets  out  with  a  review  of  the 
considerations  which  should  govern  an  en- 
gineer in  locating  the  line  of  a  new  road,  and 
gives  some  useful  hints  on  the  best  means  of 
reconnaissance,  the  use  of  the  pocket  aneroid, 
maps,  &c.  Some  useful  formulae  for  deter- 
mining grades  and  calculating  dynamical 
resistances  are  introduced,  gathered  from  good 
authorities,  and  directions  laid  down  for  the 
drainage  of  roads  and  the  construction  of  cul- 
verts and  catchwaters.  In  the  chapter  on  road 
coverings  the  author  alludes  to  "corduroy" 
and  "plank"  roads,  which,  though  well 
known  in  the  United  States,  are  never  heard 
of  here.  There  are,  however,  probably  some 
country  districts  where  a  corduroy  road  even 
would  be  preferred  by  the  inhabitants  to  a 
marsh  or  swamp,  and  it  is  very  cheaply  and 
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easily  constructed.  Straight  logs  of  timber 
either  round  or  split,  are  laid  down  across  the 
road  close  together,  care  being  taken  that  the 
joints  or  openings  between  them  shall  be  as 
small  as  possible.  To  reduce  the  resistance  to 
draught  and  the  violence  of  the  shocks  to 
which  vehicles  are  subjected  On  such  roads,  it 
is  usual  to  level  up  between  the  logs  with 
smaller  pieces  of  the  same  length,  but  split  to 
a  triangular  cross-section.  These  are  inserted 
edge  downwards  in  the  open  joints,  so  as  to 
bring  their  top  surfaces  even  with  the  upper 
sides  of  the  large  logs,  or  as  nearly  so  as  prac- 
ticable. Upon  the  bed  thus  prepared  a  layer  of 
brushwood  is  put,  with  a  few  inches  in  thick- 
ness of  soil  or  turf,  and  the  road  is  complete. 
Cross  drains  or  culverts  are  easily  made  by  the 
omission  of  two  or  more  logs,  the  openings 
being  edged  with  planks,  split  rails,  or  poles, 
laid  transversely  to  the  axis  of  the  road  and 
resting  on  cross  beams  notched  in  the  logson 
either  side.  Plank  roads  are  simply  planking 
laid  down  on  parallel  rows  of  sleepers  or 
stringers,  about  five  feet  apart  between  centres. 
The  yross-planks  are  generally  about  three  or 
four  inches  thick,  and  eight  feet  long,  and  are 
so  adjusted  that  their  ends  shall  not  be  in  a 
line,  but  form  short  offsets  at  intervals  of  two 
to  three  feet,  to  prevent  the  formation  of  long 
ruts  at  the  edges  of  the  road.  New  plank 
roads  possess  many  advantages  for  heavy  haul- 
age as  well  as  for  light  travel,  but  the  planks 
soon  become  worn  and  warped,  and  get  dis- 
placed, and  the  road  is  quickly  knocked  to 
pieces.  Plank  roads  are  a  popular  and 
desirable  makeshift  in  newly  settled  districts 
where  lumber  is  plentiful,  but  a  common 
gravel  road  is  mostly  preferable. 

The  methods  of  constructing  gravel  and 
MacAdam  roads  are  treated  of  a  length  by 
Colonel  Gillmore.  Among  other  novel  sub- 
stitutes for  stone  and  gravel  in  some  districts 
in  the  United  States  where  they  are  not  to  be 
found,  he  mentions  oyster-shells  and  charcoal. 
Oyster  shells  are  frequently  used  on  the  South 
Atlantic  and  Gulf  coasts.  They  wear  more 
rapidly,  of  course,  than  stone  or  gravel,  but 
they  are  very  cheap,  and  when  laid,  eight  or 
ten  inches  thick,  directly  upon  the  sandy  soil, 
form  a  moderately  good  road  for  light  traffic. 
A  charcoal  road  is  a  novelty  even  in  America, 
but  a  good  road  was  made  of  this  material 
through  a  swampy  forest  in  Michigan.  Tim- 
ber from  six  to  eighteen  inches  thick  was  cut 
twenty-four  feet  long,  and  piled  up  lengthwise 
in  the  centre  of  the  road,  about  five  feet  high, 
being  nine  feet  wide  at  the  bottom  and  two  at 
the  top,  and  then  covered  with  straw  and 
earth.  The  earth  required  to  cover  the  pile 
taken  from  either  side  left  two  good-sized 
ditches.  The  timber,  when  fired,  though  not 
split  was  easily  charred,  the  earth  was  re- 
moved to  the  side  of  the  ditches,  the  charcoal 
raked  down  to  a  width  of  fifteen  feet,  leaving 
it  two  feet  thick  at  the  centre  and  one  at  the 
sides,  and  the  road  was  finished.  The  material 
was  found  to  pack  well,  not  to  form  into  ruts 
nor  get  soft  and  spongy  in  wet  weather,  although 
the  water  was  not  drained  from  the  ditches. 
Its  cost  was  only  660  dollars  per  mile,  and  in 
two  instances  in  Wisconsin  similar  roads  were 


made  by  contract  at  499  and  520  dollars  per 
mile  respectively. 
With  regard  to  town  pavements  we  have  prob- 
ably little  to  learn  from  the  Americans.  Even 
in  New  York  cobbles  are  still  extensively  used, 
and  their  employment  throughout  the  country 
is  general.  In  New  York,  as  in  London, 
scores  of  pavements  have,  of  course,  been 
introduced  by  rival  patentees,  some  of  whom 
have  even  familiarized  ourselves  with  their 
inventions.  Colonel  Gillmore's  conclusions 
are  almost  identical  with  those  of  Mr.  Hay- 
wood, the  Surveyor  to  the  City  of  London, 
who  is  probably  the  best  authority  in  England 
on  the  matter  of  road  materials;  shortly  stated, 
they  are  to  the  effect  that  no  one  pavement 
combines  all  the  qualities  most  desirable  in  a 
street  surface.  Asphalt,  stone,  and  wood 
have  all  their  merits,  and  maybe  placed  first, 
second,  or  third  in  order  of  merit,  just  as  local 
needs  and  other  circumstances  are  taken  into 
account. 

The  conclusion  of  the  treatise  is  devoted  to 
some  very  useful  tables  of  particulars  of  some  of 
the  American  street  railroads. — Building  News. 
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Flagstone. — A  stone  passed  through  Indian- 
apolis from  the  Greensburg  quarries  to  the 
Centennial,  which  Was  twenty  feet  eight  inches 
long,  ten  feet  four  inches  wide,  and  six  feet 
thick,  containing  two  hundred  and  thirteen 
and  a  half  superficial  feet.  This  is  probably 
the  largest  flagstone  ever  shipped  in  the  State. 

The.Rightto  Drawings.— Recently  a  builder 
sued  an  architect  in  the  Sheriff's  Court, 
Glasgow,  to  recover  the  working-drawings  and 
calculations  for  a  building  erected  by  the  plain- 
tiff, and  for  which  the  defendant  had  been 
paid.  The  architect  pleaded  the  custom  of  the 
profession,  that  the  architect  has  a  right  to  all 
drawings,  and  introduced  evidence  to  that 
effect.  The  sheriff  ruled  that  the  custom  had 
not  been  proven,  and  ordered  the  immediate 
delivery  of  the  drawings  to  the  plaintiff. 

Asphalt,  pine  flooring,  "patent  ice,"  and 
all  other  substitutes  for  the  real  thing  in 
skating  rinks,  must  give  way  before  the  newly- 
invented  ice  rink  of  Professor  John  Gamgee, 
of  Chelsea,  if  all  be  true  that  is  said  about  it. 
He  is  declared  to  have  succeeded  in  his  at- 
tems  to  manufacture  by  artificial  means  a  per- 
fect sheet  of  solid  ice,  which  can  be  maintained 
constantly  so  as  to  bear  skaters  all  day  and  all 
night  long,  if  necessary.  The  ice  is  produced 
from  below  by  a  refrigerating  machine,  and 
the  members  of  the  London  Skating  Club  who 
have  skated  on  the  rink  already  formed  pro- 
nounce it  to  be  the  hardest  and  best  they  have 
ever  tried.  A  very  extensive  rink  can  be  main- 
tained, it  is  alleged  with  a  consumption  ©f 
about  fifty-six  lbs.  of  coal  per  hour.  It  is 
claimed  for  the  ice  produced  by  this  method  of 
Professor  Gamgee's  that  it  has  no  tendency  to 
produce  cold  injurious  to  the  feet,  but  it  dries 
the  warm  air  above,  without  producing  an  un- 
pleasant or  appreciable  sensation  of  cold.  We 
are  curious  to  see  how  the  patentees  of  the 
roller  skates  will  welcome  Professor  Gamgee's 
invention. 
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Some  experiments  have  recently  been  made  at 
Trieste  with  a  view  to  testing  the  intensity 
of  colored  lights,  and  of  white  light  with  dif- 
ferent oils.  While  no  doubt  was  entertained 
that  the  best  effect  with  lights  at  a  distance 
was  had  with  white  light,  and  the  next  best 
with  red,  it  was  desired  to  ascertain  the  com- 
parative utility  of  other  colors  for  harbor 
lights.  Small  hand  lanterns  were  used  with 
white,  red,  deep  green,  and  dark  blue  glasses. 
With  the  white  were  used  American  petroleum, 
paraffine  and  olive  oil.  At  half  a  mile  distance 
the  dark  blue  was  quite  invisible,  and  the  deep 
blue  hardly  visible,  showing  their  uselessness 
for  illumination  at  sea.  According  to  the  Jour- 
nal of  the  Franklin  Institute  the  experiments 
made  to  a  distance  of  two  nautical  miles  gave 
the  following  results  :  — (1)  That  white  light 
with  petroleum  is  more  intense  than  with  par- 
afflne ;  the  latter  also  went  out  several  times, 
so  it  lacked  the  necessary  certainty.  (2)  That 
among  the  lights  with  olive  oil  the  red  was  the 
brightest — after  the  white — and  the  green,  Bo- 
hemian make,  after  the  red.  The  green  light 
may  at  short  distances  be  made  to  alternate 
with  the  white. 

Mr.  William  Haywood,  the  City  Surveyor 
of  London,  has  published  a  report  to  the 
City  Sewer  Commission  on  Captain  Liernur's 
pneumatic  system  of  sewerage.  He  reviews 
briefly  the  previous  existing  systems  of  remov- 
ing sewage,  as  in  use  in  this  country,  glancing 
at  the  methods  adopted  for  sewer  ventilation, 
disinfection  of  sewage,  its  application  to  land 
by  means  of  sewage  farms,  and  their  results 
generally.  He  then  describes  Captain  Lier- 
nur's system,  which,  as  our  readers  know,  con- 
sists principally  in  the  adoption  of  impermea- 
ble sewers  for  rain  water,  with  porous  pipes 
for  soil  drainage  conected  with  the  impermea- 
ble rain-water  sewers,  and  the  ultimate  conver- 
sion of  all  excreta  into  a  dry  poudrette.  Mr. 
Haywood  thinks  the  system,  though  compli- 
cated, is  a  feasible  and  practical  one,  that  by  it 
the  solid  and  much  of  the  liquid  matter  can  be 
saved  for  agriculture,  that  it  cannot  pollute  the 
soil,  and  that  by  its  adoption  the  existing  diffi- 
culty of  sewer  Ventilation  will  be  met  and  the 
consumption  of  water  in  towns  reduced.  On 
the  other  hand,  the  streams  will  still  be  pollut- 
ed by  much  dirty  rain  and  waste  water,  and 
the  cleanliness  of  our  present  water-closet  sys- 
tem would  have  to  be  surrendered.  Mr.  Hay- 
wood thinks  the  system  is  well  worth  a  fair 
trial  in  England,  and  suggests  an  opportunity 
in  connection  with  some  of  the  improved  arti- 
sans' dwellings  likely  soon  to  be  erected  in  the 
metropolis  and  elsewhere. 

At  a  recent  meeting  of  the  French  Academy, 
M.  Lecoq  de  Boisbaudran  communicated 
some  further  facts  regarding  the  new  metal 
gallium.  The  specimens  he  had  formerly  pre- 
sented owed  its  solidity  to  the  presence  of  a 
small  quantity  of  foreign  bodies.  Pure  gallium, 
of  which  he  had  now  prepared  nearly  ten  cen- 
tigrammes, melts  at  about  29°. 5  C. ;  henee  it 
liquefies  when  it  is  seized  between  the  fingers. 
It  is  very  easily  held  in  superfusion,  which  ex- 
plains how  a  globule  has  been  kept  liquid  for 
weeks  in  temperatures  descending  occasionally 


almost  to  zero.  Electrolyzed  gallium  from 
ammoniacal  solution  is  identical  with  that  ob- 
tained from  potassic  solution.  Once  solidified, 
the  metal  is  hard  and  resistant,  even  at  a  few 
degrees  under  its  melting  point  ;  but  it  can  be 
cut,  and  has  a  certain  malleability.  Melted 
gallium  adheres  easily  to  glass,  on  which  it  forms 
a  beautiful  mirror,  whiter  than  that  produced 
by  mercury.  Heated  to  a  bright  red  in  pres- 
ence of  air,  gallium  oxydizes  but  very  super- 
ficially, and  does  not  volatilize  ;  it  is  not  sensi- 
bly attacked  in  tne  cold  state  by  nitric  acid, 
but  in  heat  the  solution  operates  with  libera- 
tion of  nitrous  vapors.  The  density  of  the 
metal  (determined  approximately  from  a  speci- 
men weighing  sixty-four  milligrammes)  is  4. 7 
at  15°,  and  relatively  to  water  at  15°.  The 
mean  of  the  densities  of  aluminium  and  of  in- 
dium is  4. 8  at  zero.  Thus  the  density  confirms 
theoretical  prevision,  while  the  extreme  fusi- 
bility is  a  fact  completely  unexpected. 

Ventilation  in  France.— General  Morin, 
Director  of  the  Paris  Conservatoire  des 
Arts  et  Metiers,  at  the  Science  Conference  at 
South  Kensington,  described  the  various  sys- 
tems adopted  in  hospitals,  creches,  schools,  and 
other  public  buildings  in  France  and  in  St. 
Petersburg,  including  the  arrangement  which 
depends  upon  a  cliambre  de  melange  for  the  mix- 
ing of  hot  air  with  cold  before  admitting  either 
of  them  into  the  room.  He  disavowed  the 
means  ingeniously  demised  by  M.  Daniel  Collo- 
don  for  ventilating  the  St.  Gothard  Tunnel. 
In  the  salles  of  the  Corps  Legislatif  tubes  be- 
neath the  floor  opening  by  orifices  not  quite  be- 
neath the  members'  seats  are  largely  employed. 
In  a  large  glass-roofed  apartment  of  M.  de 
Rothschild,  at  Ferrieres,  the  air  which  a  glass 
roof  sends  down  in  a  freezing  state  in  winter  is 
warmed  by  a  number  of  lets  of  gas.  Different 
numbers  of  cubic  meters  of  air  per  hour 
are  required  for  different  purposes.  In 
hospitals,  for  ordinary  illnesses,  sixty  to  sev- 
enty cubic  meters  per  hour  must  be  admitted 
for  each  patient ;  the  wounded  require  one- 
hundred  meters  each;  persons . suffering  from 
epidemics  150.  In  prisons  fifty  meters  are 
enough.  In  ordinary  workshops  sixty  meters 
are  enough,  in  unhealthy  trades  100  metres  are 
required  per  hour.  In  barracks,  by  day  thirty  ; 
by  night  from  forty  to  fifty.  In  theatres  forty, 
in  assemblies  sixty.  In  schools  children  require 
twelve  to  fifteen  meters,  adults  twenty -five  to 
thirty.  In  stables  and  stalls  the  volume  required 
is  180  to  200  metres.  Great  losses  were  occa- 
sioned in  the  Mexican  expedition  by  insufficient 
ventilation  for  the  horses  sent  out  before  the 
ship  Calvados  was  fitted  up  with  proper  appli- 
ances. General  Morin  concluded  by  exhorting 
ladies  who  preside  over  salons  to  preserve  the 
health,  beauty,  and  cheerfulness  of  their  guests 
by  abundant  supplies  of  pure  air. — Architect. 

Anew  aniline  dye  stuff  is  said  to  have  been 
discovered  by  Dr.  Baker,  in  Brooklyn, 
which,  when  mixed  with  different  mordants, 
produces  a  brilliant  cochinilla  scarlet  or  a  dark 
purple,  as  well  as  a  jet  black  color.  It  is  an- 
nounced as  the  first  aniline  dye  stuff  producing 
such  different  colors,  and  its  cost  is  stated  at 
about  50s.  per  cwt. 
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ON  THE  FORMS  OF  TEETH  FOR  GEAR  WHEELS. 

By  S.  W.  ROBINSON,  Professor  of  Mechanical  Engineering  in  the  Illinois  Industrial  University. 
Written  for  Van  Nostrand's  Magazine. 


Though  the  curves  which  may  be  em- 
ployed for  the  outlines  of  mathemati- 
cally correct  gear  teeth  are  infinite  in 
number,  varying  greatly  in  external  ap- 
pearance, yet  all  of  them  must  conform 
with  one  general  principle,  viz.:  tooth 
curves  must  transmit,  from  one  shaft  to 
the  other,  the  same  motion  as  would  the 
pitch  lines  when  acting  by  simple  rolling 
contact. 

This  truth  is,  in  reality,  axiomatic  ; 
and  for  the  present  purpose  needs  no 
discussion  or  comment.  It  forms  the 
basis  of  the  present  investigation,  the 
object  of  which  is  to  show  how  the 
curves  may  differ,  and  the  adaptation  of 
certain  ones  for  special  purposes. 

In  this  article  the  terminology  indi- 
cated below  is  adopted. 

The  pitch  lines  of  a  pair  of  wheels  are 
lines  which  pass  near  the  mid-height  of 
all  the  teeth,  and  separate  the  faces 
from  the  flanks.  These  lines  must  al- 
ways exist,  whether  the  wheels  are  de- 
signed with  regard  to  them  or  not,  and 
on  which  the  tooth  spaces  of  one  wheel 
equal  those  of  the  other. 

The  face  of  a  tooth  is  that  part  of  the 
outline  of  one  side  of  a  tooth  which  ex- 
tends from  the  point  or  top  of  tooth  to 
the  pitch  line. 

The  flank  of  a  tooth  is  that  part  of  the 
outline  of  one  side  of  a  tooth  which  ex- 
Vol.  XV.— No.  2—7 


tends  from  the- pitch  line  to  the  bottom 
of  the  space  between  two  adjacent  teeth. 
The  length  of  this,  reckoned  in  the  di- 
rection of  a  radius,  is  usually  made  a 
little  greater  than  the  length  of  the 
face,  similarly  measured,  to  allow  for 
clearance. 

The  pitch  is  the  distance,  reckoned 
on  the  pitch  line,  from  a  point  on  one 
tooth  to  the  corresponding  point  on  the 
next. 

The  velocity-ratio  is  the  ratio  of  the 
angular  velocities  of  the  wheels,  and  may 
be  constant  or  variable.  If  constant,  it 
is  equal  to  the  number  of  revolutions  per 
minute  of  one  wheel,  divided  by  the 
same  for  the  other. 

In  the  study  of  gearing  two  kinds  of 
contact  are  considered,  viz.  :  rolling  con- 
tact and  sliding  contact.  The  former 
takes  place  between  the  pitch  lines,  and 
the  latter  between  the  curves  forming 
the  outlines  of  the  teeth.  When  the 
pitch  lines  are  not  circular,  the  problem 
of  determining  them  so  as  to  give  true 
rolling  contact,  with  fixed  axes,  is  quite 
extensive.  The  present  paper  is  confined 
to  the  outlines  of  teeth,  the  pitch  lines 
being  supposed  given. 

In  the  figure,  let  A  and  B  represent 
the  centers  of  a  pair  of  gears,  and  M  N 
and  O  P  the  curves  of  a  pair  of  teeth  in 
action.     The  point  of  contact  C  is  chosen 
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at  on,e  side  of  the  line  of  centers,  so  as 
to  represent  the  general  case. 

Now,  suppose  the  wheel  A  to  swing 
through  the   small  angle   C  A  E.      The 

Fig.  1. 


point  C  will  describe  the  elementary  arc 
C  E.  At  the  same  time  the  wheel  B,  to 
maintain  contact  with  A,  must  move 
through  the  elementary  angle  C  B  F,  and 
C  through  the  arc  C  F. 

To  determine  C  F,  it  is  sufficient  to 
note  that  as  the  movements  of  the  wheels 
are  elementary,  the  common  tangent  to 
the  curves  at  C  will  scarcely  change  its 
inclination  appreciably.  Therefore,  the 
end  of  the*  radius  BC  will  be  found  at 
F,  in  a  line,  E  F,  parallel  to  the  common 
tangent. 

Draw  a  common  normal  C  D  to  the 
curves.  It  will  be  perpendicular  to  E  F. 
Then  the  velocity-ratio  may  be  obtained 
as  follows  : 

At  a  unit's  distance  from  A  and  B 
draw  H  I  and  J  K  respectively.  These 
arcs  will  serve  to  measure  the  angular 
velocities  of  the  wheels,  and  hence  : 

TT  ,     .  HI 

V  elocity-ratio = y^. 

The  triangle  C  E  F  is  similar  toCDG, 

and  hence  : 

AH:  AC:  :HI:  CE 
B  J  :  BC:  :  JK:  CF 
CE  :  CF  :  :  CG:  DG 
DG  :  BC  :  :  AD:  AB 
CG  :  AC:  :  BD:  AB 
Whence,  observing  that  AH=B  J  = 

unity, 

TX  ,     .  .       HIECBCCG 

Velocityratio=n{=Ic .  ^=3^ 

BCAB  BD     BD     V* 

AC"AD'AB~AD~7, 


*  This  geometrical  solution  is  essentially  the 


if  V  and  v  represent  the  angular  veloci- 
ties of  A  and  B. 

Hence,  when  rotary  motion  is  trans- 
mitted from  one  shaft  to  another  by  slid- 
ing contact  as  in  gear  teeth,  the  angular 
velocities  are  to  each  other  inversely  as 
the  segments,  or  parts  of  the  line  of 
centers,  formed  by  its  being  cut  by  the 
common  normal  to  the  curves. 

It  is  to  be  observed  that  at  the  end  of 
the  movements  C  E  and  C  F,  the  points 
which  were  in  mutual  contact  at  C  are 
now  removed  a  distance  E  F  ;  and  as 
this  displacement  was  accompanied  with 
slipping,  the  amount  of  the  latter  is  E  F. 
In  the  similar  triangles  CEF  and  CDG, 
we  have  the  same  relation  between  E  F 
and  C  D,  as  we  have  between  C  E  and 
C  G,  or  C  F  and  GD.  Hence,  E  F  can 
only  be  zero  when  CD  vanishes;  or  when 
the  point  of  contact  is  on  the  line  of 
centers.  For  this,  the  contact  has 
changed  from  sliding  to  rolling  ;  and, 
therefore,  for  rolling  contact,  the  angular 
velocities  are  inversely  as  the  radii  of 
contact.  In  circular  wheels  the  velocity- 
ratio  must  remain  constant,  because  these 
segments  are  constant  ;  whereas,  in  non- 
circular  wheels  it  is  variable.  In  the 
former,  the  point  of  contact  remains 
fixed,  while,  for  the  latter,  its  position 
varies  along  the  line  A  B. 

The  contact  of  a  pair  of  teeth  must 
continue  for  a  time,  at  least,  long  enongh 
for  the  next  pair  of  teeth  to  come 
fairly  to  contact;  or,  long  enough  for 
the  pair  of  teeth  to  move  through  a 
space  as  great  as  the  length  of  the  pitch. 
This  contact  cannot  therefore  be  confined 
to  the  line  of  centers,  and  hence  sliding 

same  as  that  given  in  Belanger's  most  excellent 
work  on  Cinematique,  page  90,  where  also  the 
velocity  of  sliding  is  found  to  he  proportional 
to  CD. 

Those  familiar  with  Trigonometry  may  pre- 
fer the  following  trigonometrical  solution.  We 
have 

CE=AC.V,  CF=BC.v, 
CEF=angle  y,  CFE=.i',  ADC=s; 
and  hence  : 

CE  sin.  y=CF  sin.  %, 
AC  sin.  |/=AD  sin,  s, 
BC  sin.  x=BB  sin.  z, 
or  V.  AD  sin z=v.  B  D  sin.  s, 


and 

as  before. 


V    BD 

0  ~A  D' 
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of  the  curves  upon  each  other  is  una- 
voidable*. 

From  the  preceding  discussions  it  fol- 
lows that  in  all  gear  wheels,  circular  or 
non-circular,  the  common  normal  to  the 
sliding  curves,  and  the  pitch  lines,  must 
both  maintain  a  common  point  of  inter- 
section with  the  line  of  centers  ;  and 
this  condition  is  the  only  one  necessary 
for  fulfilling  the  general  principle  stated 
at  the  outset.  The  common  normal,  be- 
cause it  is  the  line  of  action  of  the  press- 
ure between  the  teeth,  friction  neglect- 
ed, and,  for  its  importance  otherwise,  is 
called  the  line  of  action. 

Suppose,  for  example,  any  curve 
whatever,  as  b  a  c  Fig.  2,  be  taken  as  the 


form  of  the  side  of  a  tooth  of  a  gear 
wheel  revolving  about  B.  Then  let  the 
curve  daf  be  found  for  the  side  of  a 
tooth  of  A,  which,  acting  by  sliding  con- 
tact onkc,  will  give  to  A  the  same  an- 
gular motion  as  that  transmitted  by  the 
rolling  curves  D  E  and  F  G,  the  latter 
being  supposed  circular  or  not.  Let  D 
and  F  be  two  points  of  the  rolling  curves 
which  come  to  mutual  contact  on  the 
line  of  centers,  and  similarly  for  E  and 
G.  Then  arc  CD  =  arc  C F,  and  arc 
C  E  =  arc  C  G,  &c. 

Now  for  the  present  point  of  contact 
C  of  the  pitch  lines  there  must  be  a 
point  of  contact  of  the  tooth  curves,  and 

*  Hooke's  spiral  gearing  admits  of  contact  which  may 
be  confined  to  the  plane  of  the  axes,  and  hence  free  from 
slip.  But  this  is  due,  not  to  the  form  of  tooth,  but 
width  of  wheel  face;  or, length  of  wheel  in  direction  of 
axis. 


because   the   common  normal   to   those 
curves  must  meet  AB  in  C,  we  simply 
draw  C  a,  normal  to  b  a  c.     This  is  the 
!  present  point   of   contact    of  the  tooth 
|  curves,  and  hence  a  point  of  the  curve 
sought.     To    find    another   point,    draw 
F  b   normal  to   bac.      Then  draw   D  d 
equal  in  length  to  F&,  and   making  the 
j  same  angle  with  A  D,  that  F  b  does  with 
i  B  F   prolonged.      Then,  d  is   a  second 
|  point    of   the    required    curve  ;    because 
!  when  D  and  F  are  in  contact  on  the  line 
j  A  B,  D  d  and  F  b  will  coincide  in  length 
and  direction,  with  d  and  b  superposed, 
!  forming   the   point    of    contact    of    the 
j  tooth-curves.     In  like  manner/*  and  in- 
deed   any   number    of    points   may    be 
found.     The  curve  daf\  traced  through 
these  points,  is  the  desired  curve.* 

In  the  above  example,  A  and  B  are 
supposed  to  be  the  centers  of  rotation, 
in  which  case  D  E,  and  F  G,  must  be  a 
pair  of  correct  rolling  curves.  But  the 
solution  is  still  more  general.  Any  two 
curves  whatever,  without  fixed  axes 
even,  maybe  used  for  the  rolling  curves, 
and  the  sliding  curves  determined. 
When  radii  do  not  exist,  tangents  to  the 
rolling  curves  may  be  used  to  reckon 
the  angles  by.  Such  a  case,  however, 
would  but  rarely  occur  in  practice. 

This  solution  indicates  that  one  tooth 
curve  may  be  assumed,  and  the  other 
formed  as  a  dependence.  It  fails,  how- 
ever, as  being  both  theoretically  and 
mechanically  impossible,  and  so  with 
any  theory,  when  the  normals  C  a,  F  b, 
&c,  will  not  strike  the  pitch  line. 

Though  one  tooth-curve  may  be  as- 
sumed and  the  other  determined,  the 
theory  admits  of  other  solutions  ;  the 
most  common  being  by  aid  of  describing 
curves,  called  also  generating  or  tracing 
curves.  In  this  case  the  describing 
curve  is  assumed  and  both  tooth- curves 
made  dependent.  To  show  that  this  so- 
lution depends  upon  one  and  the  same 
general  theory,  let  us  find  a  describing 
curve  which  will  generate  the  tooth- 
curve  b  a  c,  or  d  af. 

In  Fig.  3  draw  g  I  equal  to  h  /,  Fig.  2. 
Then  take  I  0,  Fig.  3,  equal  I C,  Fig.  2. 
Also  g  C,  Fig.  3,  equal  a  C,  Fig.  2.  And 
again  CF  and  gF,  Fig.  3,  equal  CF 
and  b  F,  Fig.  2,  respectively,  &c,  for  as 

*  This  solution  given  in  Belanger's  Cinematique,  p.  97, 
appears  to  be  due  to  De  la  Hire ;  and  given  by  him  as 
early  as  1694.  See  Willis'  Princ.  Mechanism,  2d  ed.,  p.  S9. 
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many  points  as  desired.  Then  trace  the 
curve  g  I  C  F,  Fig.  3.  This  is  the  de- 
scribing curve  sought.  Now  suppose 
this  curve  be  placed  in  contact  with  F  G, 
Fig.  2,  so  that  g,  Fig.  3,  falls  at  g,  Fig. 

Fig.  3. 


2.  Then  by  rolling  the  describing 
curve  along  toward  F,  the  points  I,  C  F, 
Fig.  3  will  exactly  fall  at  I,  C  F,  Fig.  2, 
because  the  arcs  gl,  IC,  CF,  are  equal 
in  the  two  figures.  Also  the  construction 
makes  g  I,  g  C,  g¥,  &c,  intersect  the  arc 
of  the  describing  curve  at  the  same  an- 
gles that  the  normals  h  l,aC,b  F,  &c,  in- 
tersect the  pitch  line,  which  is  easily 
seen  to  be  true  by  supposing  the  points 
g,  C  F,  &c,  very  numerous.  Hence  the 
radii  vectors  of  Fig.  3  will  successively 
come  to  exact  coincidence  with  the  nor- 
mals of  Fig.  2,  and  at  the  same  time 
g  will  trace  out  the  very  curve  g hab* 
And  similarly,  by  rolling  the  same  curve 
from  i  to  D,  Fig.  2,  the  curve  ih  ad 
will  be  traced.  In  like  manner  a  de- 
scribing curve  can  be  produced  which 
will  generate,  by  rolling  from  g  or  i  to- 
ward G  or  E,  the  remaining  portions  g  e 
and  if  of  the  tooth-curves. 

Thus  it  appears  that  a  generating 
curve  can  always  be  found  that  will 
trace  out  a  given  tooth-curve.  But 
whenever  the  latter  are  neither  of  them 
fixed,  we  are  at  liberty  to  assume  a  de- 
scribing curve,  and  this  may  be  of  any 
form  whatever  which  may  admit  of  roll- 
ing on  the  pitch  lines.  The  two  solutions 
are  therefore  one  and  the  same,  the  dif- 
ference being  simply  in  the  part  assumed. 
And  within  this  are  comprehended  all 
known  forms  of  gearing,  such  as  invo- 
lute, epicycloidal,  epitrochoidal,  pin- 
gearing,  Prof.  Edward  JSang's  hour 
glass  curve  gearing,  &c,  &c. 

The  solution  of  the  problem  is  there- 
fore reduced  to  simply  this  ;  any  de- 
scribing curve  rolled  upon  the  outside  of 
one  pitch  line,  and  upon  the  inside  of  the 
other  pitch  line,  beginning  at  mutual 
contact  points  ;  will  describe  a  pair  of 


*  De  la  Hiie,  in  1T33. 


faces  and  flanks  which  will  work  correct- 

This  may  be  demonstrated  by  a  direct 
graphical  method  as  follows. 

Take  pitch  lines  AD  and  B  E,  circu- 
lar or  non-circular,  and  a  describing 
curve  C  A II  ;  or,  which  is  the  same, 
K  B  I.     Also  take  D  and  E  as  the  pair 

Fig.  4. 


of  mutual  contact  points,  where  the  pair 
of  tooth-curves  sought  begin.  Let  C  A  H 
roll  in  outside  contact  from  D  to  A,  de- 
scribing D  C  by  a  tracing  point  C  ;  and 
similarly  rolling  the  same  curve  from  E 
to  B,  describes  the  curve  E  K.  This 
rolling  may  be  continued  to  any  extent, 
giving  the  full  line  curves  D  C,  and  E  K 
produced. 

If  the  same  curve  be  rolled  on  tan- 
gents at  A  and  B,  two  equal  curves  will 
be  described  which  are  shown  in  dotted 
lines.  Let  arc  DA  =  arc  E  B  =  arc 
C  A  =  arc  K  B  =  AF  =  B  G.  Then 
chord  AC=  chord  B  K,  and  angle 
C  A  F  =  angle  K  B  G.  Hence  if  A  and 
B  be  placed  in  tangential  contact,  the 
tangents  and  dotted  curves  will  coincide 
precisely  ;  and  the  full  line  curves,  or 
tooth  curves,  will  have  a  point  of  tan- 
gency  at  C  K.  Also  the  curves  will  not 
pass,  one  to  the  opposite  side  of  the 
other,  because  the  full  line  curve  for  A 
lies  wholly  below,  and  for  B  wholly 
above  the  mutually  coinciding  dotted 
curves.  This  being  true  for  one  point 
taken  at  random  must  be  true  for  all,, 
giving  the  precise  conditions  required 
for  tooth-curves. 

We  might  suppose  for  illustration  that 
the  three  curves  roll  upon  each  other 
with  one  point  A  in  common  tangency. 


FORMS   OF   TEETH   FOR   GEAR   WHEELS. 


101 


The  tracing  point  C,  would  then  trace, 
simultaneously,  the    two  curves  shown, 

Fig.  5. 


one  upon  the  plane  of  each  wheel,  and 
which  will  serve  to  work  correctly  as 
a  face  and  flank. 

We  are  now  prepared  to  draw  the  fol- 
lowing conclusions  : 

1st.  The  faces  and  flanks  all  have  their 
origins  at  the  pitch  line. 

2d.  Each  face  and  flank  couplet  must 
be  generated  by  rolling  the  tracing  curve 
in  the  same  direction,  on  the  outside  of 
one,  and  inside  of  the  other  pitch  line. 

3d.  The  contact  of  a  couplet  is  con- 
fined to  one  side  of  the  line  of  centers. 

4th.  Couplets  which  do  not  inter- 
change flanks  and  faces  may  be  generat- 
ed by  different  describing  curves  ;  even 
though  on  the  same  pair  of  wheels. 

Different  describing  curves  give  differ- 
ent forms  of  gear  teeth,  some  of  the 
most  important  of  which  will  now  be 
considered.*       , 

In  practice  the  pitch  lines  are  usually 
circular;  though  on  shaping  and  slotting 
machines,  and  others  requiring  a  "  quick 
return,"  non-circular  wheels  have  been 
employed  with  advantage.  In  Fig.  6  is 
given  such  a  pair  of  non-circular  wheels, 
drawn  carefully  to  a  scale,  with  each 
tooth-curve  worked  out  for  its  particular 
position  by  the  general  theory. f  The 
describing  curve  used  was  a  circle,  the 
diameter  of  which  was  about  one-third 


*  It  may  be  observed  by  comparing  Figs.  2,  3  and  5  that 
the  generating  eurve  must  lie  on  the  opposite  side  of  the 
pitch  line  from  where  the  intersections  of  the  normals 
are  found.  From  tbis  it  follows  that  if  these  intersec- 
tions cross  the  pitch  line  as  the  rolling  proceeds,  so  must 
the  describing  curve.  The  latter  will  then  change  its  di- 
rection with  a  cusp. 

t  Drawn  by  a  former  pupil,  Mr.  Emory  Patch. 


that  of  the  pitch  line  of  A.  These  wheels 
were  designed  with  special  reference  to 
adaptation  for  shaping  and  slotting  ma- 
chines, in  which  the  tool  is  reciprocated 
by  a  crank  and  pitman.  The  forward 
stroke  is  uniform,  except  for  one-four- 
teenth at  each  end,  given  for  slowing 
down  for  passing  the  center.  The  re- 
turn is  accomplished  in  one-half  the  time 
the  entire  forward  stroke  requires.  The 
teeth  are  made  large,  proportionately, 
for  the  purpose  of  illustrating  the  fact 
that  such  wheels  require  teeth  which  dif- 
fer from  each  other  in  form. 

Circular  wheels  form  only  a  special 
case  of  the  general  theory  ;  but  as  these 
are  of  almost  exclusive  use  in  practice, 
with  the  teeth  varied  for  different  pur- 
poses, the  following  important  classes 
will  be  considered  separately,  viz. : 

I.  Wheels  with  epicycloidal  teeth  ; 
II.  Wheels  with  involute  teeth  ; 

III.  Wheels  with  random  teeth. 

Epitrochoidal  curves  have  been  sug- 
gested for  tooth-curves,  but  as  they  do 
not  admit  of  tooth-contacts  near  the  line 
of  centers,  where  most  desirable,  they 
are  not  useful  for  general  purposes, 

I.      EPICYCLOIDAL    GEARING. 

This  name  is  applied  because  the  tooth- 
curves  are  epicycloids  and  hypocycloids. 
An  epicycloid  is  traced  by  a  point  upon 
the  plane  of  a  circle,  when  that  point  is 
guided  by  being  attached  to  the  circum- 
ference of  a  second  circle  which  rolls 
upon  the  first.  If  external  it  is  an  epi- 
cycloid, if  internal  an  hypocycloid. 

A  curious  fact  relating  to  these  curves 
deserves  notice,  viz.  :  that  every  epicy- 
cloid and  hypocycloid  admits  of  being 
generated  by  two  different  rolling  circles. 
To  illustrate,  suppose  A  b  c  to  be  a  primi- 
tive or  pitch  circle,  and  B  a  rolling  or 
describing  circle,  tracing  with  p  the  epi- 
I  cycloid  D,  by  rolling  on  A.  Draw  the 
j  line  pbc  through  the  point  of  tangency 
J  b.  Then  bp  will  be  a  normal  to  the  epi- 
|  cycloid  at  p,  because  an  elementary  part 
j  of  the  latter  is  described  while  b  serves 
as  an  instantaneous  axis  for  the  wheel  B 
to  turn  about.  Now,  this  elementary 
portion  of  D  will  be  the  same  if  c  be  the 
center  instead  of  b.  This  being  true  for 
each  elementary  part  of  D,  it  follows 
that  a  circle  C,  tangent  at  c,  and  having 
a  tracing  point  p,  will  trace  the  same 
epicycloid  that  B  will.     It  can  be  easily 


Fig.  6. 
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Fig.  7. 


shown  that  the  difference  of  the  diame- 
ters of  C  and  B  is  equal  to  the  diameter 
of  A.* 

Fig.  8  indicates  how  this  double  gen- 
eration applies  to  the  hypocycloid,  in 
which  A  is  the  pitch  circle  and  B  the 

Fig.  8. 


hypocycloid.  The  sum  of  the  two  di- 
ameters of  the  generating  circles  evi- 
dently equal  the  diameter  of  the  pitch 
circle. 

That  the  teeth  be  mechanically  possi- 
ble, it  is  necessary  that  the  generating 
circles  be  as  small,  or  smaller  than  the 
pitch  circles  within  which  they  roll;  oth- 
erwise the  teeth  would  collide. 

This  range  in  the  relation  of  sizes  gives 
variety  of  form  of  teeth,  the  following 
of  which  are  the  most  essential  : 

1st.    Flanks  radial. 

2d.     Flanks  parallel,  for  strength. 

3d.     For  minimum  of  friction. 

4th.  For  change-gears  and  sets. 

5th.  Pin  gearing. 

*  Due  to  Duhamel,  see  Boar  Cours  de  Cinematique,  p. 


1st.    epicycloidal  teeth  with  radial 

FLANKS. 

Suppose  a  generating  circle  to  roll  in- 
side a  pitch  circle,  with  the  diameter  of 
the  former  equal  to  the  radius  of  the 
latter.  By  reference  to  Fig.  8  we  see 
that  the  two  generating  circles  would  be 
equal,  and  the  hypocycloid  a  straight 
line,  a  diameter  of  the  pitch  circle. 
This  principle  is  the  foundation  of  the 
well-known  White's  parallel  motion. 

Hence  when  the  diameters  of  the  gen- 
erating circles  equal  the  radii  of  the 
pitch  circles  in  which  they  roll,  the 
flanks  will  be  radial,  and  very  convenient 
to  construct.  In  practice,  therefore,  we 
have  simply  to  delineate  the  epicycloids, 
with  circles  half  as  large  as  the  opposite 
pitch  circles,  and  strike  in  the  tangent 
radii  for  flanks.  This  form  of  gearing 
is  the  most  convenient  for  practical  exe- 
cution of  any  good  form  known,  and  for 
this  reason  is  the  form  usually  adopted, 
when  correct  delineation  is  attempted. 
Indeed  many  designers  have  no  idea  of 
the  existence  of  any  other  correct  form, 
except,  possibly,  the  involute. 

Fig.  9  represents  the  simultaneous  gen- 
eration of  the  faces  and  flanks  for  both 
wheels,  the  four  circles  being  supposed 

Fig.  9. 


to  roll  upon  each  other  with  only  one 
point  in  common,  each  tracing  point  de- 
scribing two  lines. 

In  wheels  of  few  teeth,  the  latter  ap- 
pear somewhat  undercut,  and  weakened, 
when  the  flanks  are  drawn  wholly  radial. 

But  it  is  easily  demonstrated  that  a 
face  works  upon  only  a  small  portion  of 
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the  flank,  which  also  is  adjacent  to  the 
pitch  line.  Below  this  the  teeth  may  be 
thickened  bty  clearance  curves,  almost 
entirely  removing  this  objection.  An  ad- 
vantage is  gained  by  these  teeth  which 
probably  more  than  compensates  for  the 
above  objection.  This  consists  in  the 
great  freedom  from  crowding  of  the 
wheels  from  each  other,  due  to  the  near 
approach  of  the  line  of  action  to  the  per- 
pendicular to  the  line  of  centers  ;  and 
this  is  evidently  necessary  for  most 
favorably  transmitting  the  rotative 
forces  from  one  wheel  to  the  other.  For 
instance  if  the  line  of  action  be  made 
parallel  to  the  line  of  centers  no  rotative 
effect  is  secured. 

2d.  flanks  parallel. 
By  employing  smaller  generating  cir- 
cles than  in  the  above]  the  flanks  may  be 
rendered  more  nearly  parallel  as  shown 
in  Fig.  10  ;  and  the  basis  of  the  teeth 

Fig.  10. 


thickened  as  required  for  strength. 
Clearing  curves  may  still  be  introduced 
for  further  strengthening  of  the  teeth. 
No  rule  of  proportions  is  prescribed  :  in 
each  case  the  diameters  of  the  rolling 
circles  must  be  determined  by  the  judg- 
ment of  the  designer. 

The  flanks  are  only  approximately 
parallel,  because,  in  reality,  they  are  the 
slightly  curved  hypocycloids.  But  for 
that  small  part  against  which  the  faces 
act,  a  straight  line  may  be  substituted 
without  sensible  error. 

The  rolling  circles  being  smaller  than 


for  the  case  of  radial  flanks,  the  epicy- 
cloids will  be  smaller  for  the  same  pitch 
lines,  and  hence  the  points  of  the  teeth 
narrower.  This  results  in  a  greater 
general  inclination  of  the  side  of  a  tooth 
to  a  radius,  causing  greater  inclination  of 
the  line  of  action  from  the  perpendicular 
to  the  line  of  centers  inducing  increased 
lateral  crowding,  and  consequently 
friction.  In  a  long  train  of  gearing  it 
is  therefore  doubtful  whether  this  form 
of  tooth  is  any  safer  than  the  preceding, 
because  with  greater  strength  there  is 
greater  resistance. 

3d.  for  minimum  of  friction. 

From  the  preceding  examples,  it  ap- 
pears that  the  friction  is  reduced  by  ap- 
proaching the  line  of  action  to  the  per- 
pendicular to  the  line  of  centers.  The 
line  of  action  in  epicycloidal  teeth  being 
the  chord  to  the  generating  circle  which 
connects  the  describing  point  with  the 
point  of  rolling,  it  appears  that  the  most 
favorable  condition  is  secured  by  making 
the  generating  circles  large  as  possible. 

Again  the  generating  circles,  when 
situated  as  in  Figs.  9,  10  and  11,  form 
the  path  of  the  points  of  contact  in  their 
journey  from  the  point  of  beginning,  to 
the  point  of  quitting  contact,  one  circle 
for  one  side  and  the  other  for  the  oppo- 
site side  of  the  line  of  centers  ;  so  that 
large  circles,  in  both  senses,  appear  most 
favorable. 

Fig.  11  presents  these  conditions,  and 

Fig.  11. 


indicates   that  the  teeth  are  very  much 
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undercut;  indeed,  in  extreme  cases,  en- 
tirely cut  off  by  reason  of  the  convex 
faces,  due  to  the  excessively  large  rolling 
circles. 

It  is  evident  that  such  teeth  cannot  be 
used  where  great  strength  is  required,  as 
in  mill-work  ;  but  where  the  resistance 
is  slight,  and  smoothness  of  motion  and 
freedom  of  action  are  requisites,  as  in 
horology,  this  form  may  be 
great  advantage.     Fig.  12  is   a 

Fig.  12. 


Fig.  11,  the  hypocycloid  decreases  until, 
when  the  former  coincides  with  the  pitch 
circle,  the  latter  becomes  a  point,  the 
tracing  point  itself.  Then  the  theoreti- 
cal teeth  are  points  for  one  wheel,  and 
I  for  the  other  epicycloids  generated  by 
opposite  pitch  circle  as  shown  in 
13.     In  practice  the  points  are  en- 


!the 
Fig 


used  with 
careful 


Fig.  13. 


drawing  of  such  a  pair  of  wheels,  with 
teeth  much  undercut. 

4th.  change  geaes  and  sets. 

The  most  common  use  of  change  gears 
occurs  with  the  machinist's  engine  lathe 
for  screw-cutting.  In  this,  and  most 
other  cases  requiring  such  wheels,  the 
teeth  are  small  ;  and  when  only  approxi- 
mate, occasion  no  especial  inconvenience. 
But  sets  sometimes  occur  in  mill-gearing 
where  correct  forms  of  teeth  are  neces- 
sary. 

For  such  cases  it  is  only  needful  that 
one  generating  circle  be  employed  for 
the  whole  set.*  This  circle  should  not 
be  more  than  half  as  large  as  the  small- 
est wheel  of  the  set,  The  teeth  of  the 
latter  will  then  have  radial  flanks,  while 


larged  to  pins  of  cylindrical  form,  and 
the  teeth  reduced  to  lines  parallel  to  the 
epicycloids  and  distant  from  them  a 
space  equal  to  the  radius  of  the  pin. 
Such  wheels  are  sometimes  called  pin 
gearing. 

These  wheels  should  work  smoothly,  be- 
cause the  line  of  action  is  suitably  situ- 
ated for  a  minimum  of  friction,  but  they 
j  are  not  free  from  objection  for  having 
I  the  tooth  contacts  all  on  one  side  of  the 
1  line  of  centers.    These  one-sided  contacts 
serve  best  when  the  pin  wheel  is  driven, 
;  and   in  this  way  this  gearing  is  much 
'  used  in  modern  clock-work.     The  pinion, 
\  called  wa/lower,  trundle  or  lantern  wheel, 
j  is  usually  made  for  clocks  by  inserting 
[  wires    between  two    collars  ;  while    the 
j  wheels    are   cut   from   plates,    many    of 
!  which  are  stacked  and  cut  at  once.*     In 
|  this  way  should  the  wheel  be  quite  thin, 
I  and  wabble,  the  trundle  may  have  suffi- 
|  cient   length    of   pins   to   accommodate. 
Such  gearing  is  cheaper  than  thick  cut 
gearings,  and  may  explain  its  introduc- 
tion into   the  inexpensive,  though  very 
'  good,  American  clocks. 

But  it  is  probable  that  the  very  best 


those    of  all    the   others   have    concave   conditions  for  clock  and  watch  ges 
flanks  and  thick  bases. 


5th.  pin  gearing. 
By   increasing   the  generating  circle, 

*  This  solution  was  first  given  by  Prof. Willis,  see  Pr'inc. 
of  Mech.,  2d  ed.,  pp.  8T,  118,  and  136,  the  latter  as  in  con- 
nection with  the  Willis  Odontograph. 


would  be  secured  by  a  sort  of  c?*oss  be- 
tween Figs.  11  and  13,  represented  in 
Fig.  14.  The  generating  circle  should 
be  so   large   that   the    hypocycloid,  for 

*  In  the  full  sense  of  the  term  pin  gearing  the  wheel 
:  teeth  are  also  pins  set  into  the  edge  of  a  disk. 
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both  pitch   lines,  spans  a  breadth  just 
sufficient  for  the  tooth  thickness,  and  the 

Fig.  14. 


whole  hypocycloid  taken  as  that  part  of 
a  tooth,  or  pin,  which  lies  within  the 
pitch  line.  The  balance  of  the  tooth 
should  then  extend  outward,  to  a  point, 
similarly  as  in  Fig.  11.  Thus  contacts 
will  be  secured  on  both  sides  of  the  line 
of  centers,  as  required,  with  the  nearest 
approach  of  the  line  of  action  to  the  per- 
pendicular to  the  line  of  centers  consist- 
ent therewith. 

'These  wheels  could  be  constructed  by 
inserting  suitably  formed  pins  by  one 
end  into  disks,  and  projecting  toward 
each  other  from  the  two  wheels  ;  or,  by 
supporting  the  teeth  upon  slender  necks, 
as  shown,  which  is  possible,  because  only 
small  parts  of  the  hypocycloids  are 
brought  into  contact  with  the  faces. 

It  is  plain  that  if  the  line  of  action 
could  be  straight,  and  perpendicular  to 
the  line  of  centers,  the  wheels  could  be 
approached  or  withdrawn  without  caus- 
ing great  changes  of  conditions  of  action 
of  the  teeth.  The  form,  Fig.  14,  with 
teeth  supported  upon  clearance  curve- 
necks,  would,  therefore,  be  one  of  the 
best  for  this  purpose,  and  nearly  the 
same  as  found  on  the  rollers  of  clothes- 
wringing  machines,  &c,  as  arrived  at, 
probably,  by  the  demands  of  practice. 

II.    INVOLUTE    TEETH. 

The  involute  curve  is  a  special  case  of 
the  epicycloid  in  which  the  generating 
circle  is  infinite. 

Let  A  and  B  represent  two  pitch  cir- 
cles in  contact  at  C.  Draw  any  inclined 
right   line   through    C    and   two  circles 


tangent   to   it   with  centers   A  and   B. 
These  are  taken  as  the  base  circles  for 

Fig.  15. 


involutes.  The  ratio  of  the  radii  of 
these  circles  will  be  equal  to  that  of  the 
pitch  circles.  Suppose  the  inclined  line, 
C  D,  be  produced,  and  wound  upon  the 
base  circle  A  ;  and  also  separated  near 
C,  with  a  tracing  point  attached.  As 
the  string  is  unwound,  the  tracing  point 
will  describe  an  involute  which  may  be 
taken  for  the  side  of  a  tooth  of  A  as 
shown.  A  similar  unwinding  from  B 
will  describe  the  involute  tooth-curve  for 
it.  It  is  plain  that  the  contacts  will  all 
lie  on  the  inclined  line  CD,  because  it 
will  cut  normally  all  the  involutes  de- 
scribed on  the  bases  A  and  B.  This  is 
at  once  the  line  of  action,  and  locus  of 
the  points  of  contact. 

In  the  present  case  the  line  of  action 
is  inclined  more  or  less,  at  pleasure,  but 
must  always  pass  C.  This  change  of 
inclination  may  follow  from  varying  the 
diameters  of  either  the  pitch  or  base 
circles.  The  former  corresponds  to 
changing  the  distance  between  the  axes 
of  the  wheels,  which  these  gears  are  well 
known  to  admit  of,  and  work  correctly. 
But  when  the  distance  is  considerable, 
the  teeth  become  monstrous  thick  at 
base,  and  objectionable  ;  and  unsuited 
for  such  purposes  as  clothes-wringers. 
The  contact  for  these  teeth  is  only  pos- 
sible between   the   points   of    tangency 
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of  the  line  of  action  with  the  base- 
circles.  Hence,  by  enlarging  the  base- 
circles,  these  limits  are  constricted,  and, 
finally,  vanishing  when  the  line  of  action 
becomes  perpendicular  to  the  line  of  cen- 
ters, giving  no  contact.  The  best  condi- 
tion is  a  matter  of  judgment,  and  the  de- 
signer must  choose  between  objectiona- 
bly few  contacts,  and  objectionable 
inclination  of  line  of  action  and  thick 
teeth. 

The  contact  being  confined  to  the  line 
of  action,  limited  as  above,  it  is  plain 
that  no  bearing  can  occur  upon  a  tooth 
below  or  inside  the  base  circle,  and  usu- 
ally clearance  curves  are  arbitrarily  struck 
in  to  give  the  necessary  depth  for  receiv- 
ing the  points  of  the  teeth  of  the  other 
wheel. 

One  fact  is  worthy  of  note,  serving  to 
put  these  wheels  in  comparison  with  the 
epicycloidal.  If  a  circle  be  struck  with 
AC  as  diameter,  it  will  always  pass  the 
point  of  tangency  D.  That  point,  in  in- 
volute gearing,  is  the  limit  of  contact  of 
teeth  ;  but  not  in  epicycloidal  gearing 
with  radial  flanks,  though  that  will  be 
one  position.  Intermediate  between  D 
and  C  the  contact  for  involutes  is  on  the 
line  C  D;  and  for  epicycloids,  on  the  arc 
CD.  The  line  of  action  in  the  latter 
case  will  vary  from  a  perpendicular  to 
A  B,  to  the  inclination  C  D,  while  the 
point  of  contact  moves  from  C  to  D. 
Hence,  the  average  inclination  of  the  line 
of  action  between  C  and  D  is  much  more 
favorable  in  epicycloidal  gearing  than  | 
involute,  from  which  it  appears  that  the  ; 
former  is  the  preferable  form  of  gearing,  j 

Fig.  15  may  appear  to  furnish  an  ex- 
ample which  is  inconsistent  with  our ; 
general  theory,  because  the  generation  is 
effected  by  rolliug  the  describing  curve 
or  line  on  the  base  circle  instead  of  the 
pitch  line.  But  this  is  reconciled  thus  : 
In  Fig.  16  take  a  pitch  circle  AC,  base  j 
circle  B  D,  describing  line  D  F,  with  de- 
scribing point  F,  and  a  log.  spiral  F  A. 
Now  as  the  describing  line  unwinds, 
tracing  the  curve  C  F,  the  line  will  cut 
the  pitch  circle  at  various  points  A  at  a 
constant  angle,  which  follows  from  the 
concentricity  of  the  pitch  and  base  cir- 
cles. As  the  radius-vec^)r  makes  a  con- 
stant angle  with  the  arc  of  a  log.  spiral, 
if  that  angle  at  A,  be  the  same  as  D  F 
with  the  circle  at  A,  then  the  radius  vec- 
tor F  A  will  coincide  with  the  line  D  F 


continually,  and  the  tracing  point  will 
describe  one  and  the  same  curve  whether 
carried  by  the  spiral  F  A  or  line  F  D. 
This  curve  begins  at  C.  To  supply  the 
part  C  B  roll  the  same  spiral 
Fig.  16. 


inside  as  shown.  This  description  will 
stop  at  B  for  the  reason  that  the  log. 
spiral  then  bears  on  the  inside  of  the  cir- 
cle where  its  curvature  equals  that  of  the 
circle.  Hence  this  is  explained  by  the 
general  theory,  and  the  wheel  has  true 
flanks  and  faces,  separated  by  the  pitch 
line,  as  usual. 

III.    RANDOM    TEETH. 

These  might  be  styled  random  teeth 
because  a  tooth -curve  for  one  wheel  is 
drawn  at  random,  or  at  least  arbitrary, 
and  the  form  of  tooth  for  the  other 
wheel  found  from  it.  The  solution  on 
the  drawing  board  is  the  same  as  Fig.  2, 
and  hence,  it  is  in  keeping  with  the 
general  theory  of  the  teeth  of  wheels.  It 
would  need  no  further  consideration  ex- 
cept for  the  exceedingly  advantageous 
practical  process  for  obtaining  the  second 
curve,  first  made  known  by  Prof.  Willis 
in  1837. 

Let  A  and  B  represent  the  pitch  lines, 
formed  by  cutting  strips  to  the  right 
curves.      A    tooth   curve   C   is   cut    at 

Fig.  17. 


pleasure,  and  mounted  on  A  so  that  the 
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card  board  D  may  play  between  A  and 
C.  The  card  board  D  is  secured  to  B. 
The  pitch  lines  are  then  placed  in  contact 
as  shown  by  the  dotted  lines,  and  a  line 
traced  on  D,  along  the  edge  of  C.    Then 

Fig.  18. 


A  is  rolled  on  B,  without  slipping,  to  a 
new  position,  and  a  second  line  traced 
by  the  edge  of  C.  Thus  proceed  for 
various  positions.  An  enveloping  curve 
traced  on  D  will  be  the  required  tooth- 
curve  for  B. 

This  process  would  apply  admirably 
for  matching  a  gear  already  existing, 
and  no  matter  if  it  be  worn  provided  it 
is  regular. 

PKACTICAL  OPERATIONS. 

In  actually  executing  wheel-work, 
there  are  certain  operations  which  con- 
tribute to  the  accuracy  arid  dispatch. 
The  draughtsman  can  draw  his  tracing 
curve  in  several  positions,  and  by  step- 
ping with  spacing  dividers  arrive  at 
several  points  in  the  desired  tooth-curves. 
But  in  thus  measuring  off  distances  on 
arcs,  errors  occur  in  that  the  dividers 
measure  chords  instead  of  arcs.  Also 
each  placing  of  the  divider  points  in- 
volves a  small  error  depending  upon  eye- 
sight, precision  of  draughtsman,  &c, 
Again  several  operations,  following  and 
depending  upon  each  other,  between  the 
theory  and  the  result,  entail  cumulative 
errors,  sometimes  so  great,  that  the  re- 
sult obtained  scarcely  resembles  the 
truth.  The  fewer  the  intervening  opera- 
tions, the  less  will  the  truth  be  adulterat- 
ed with  error. 


Templates  are  valuable  because  they 
secure  a  more  direct  relation  between  the 
theory  and  final  tooth-curves.  In  some 
instances  a  still  closer  relation  has  been 
obtained.  To  illustrate,  the  templates 
give  the  curve,  and  then  the  teeth  or 
cutters  are  to  be  formed  from  it  by  an 
eye-and-hand  process.  But  in  some 
watch-works,  epicycloidal  machines  are 
used  in  which  the  cutters  are  formed  di- 
rect from  the  rolling  curves.  These  cut- 
ters however  are  master  cutters  from 
which  the  working  cutters  are  formed. 
But  this  last  operation  admits  of  great 
precision. 

In  Fig.  17,  the  pieces  A  and  B  are 
called  pitch  templates  and  a  piece  cut 
to  the  form  of  the  describing  curve  as  in 
Fig.  3,  is  called  a  describing  template. 

By  a  set  of  such  templates  the  opera- 
tion represented  in  Fig.  4  may  be  under- 
taken. Tooth-curves  may  thus  be  drawn 
on  metal  plates,  and  subsequently  cut 
carefully  to  the  line.  Such  a  pattern 
may  be  used  for  turning  up  a  cutter  by, 
or  for  marking  out  the  teeth  on  a  gear 
pattern  of  wood.  In  the  latter  case,  it 
may  be  called  a  scribe  template.  And 
it  is  convenient  to  mount  this  upon  a  rod 
attached  to  swing  around  a  center  pin  to 
the  gear.  Either  of  these  operations  in- 
volves two  eye-and-hand  processes,  as,  for 
instance,  dressing  up  the  scribe  template; 
and  then  turning  the  cutter  by  it.  But 
it  is  not  convenient  to  reduce  the  num- 
ber further,  though,  by  aid  of  an  odonto- 
graphy described  in  the  July  number  of 
the  Magazine,  the  inconvenience  of  re- 
sorting to  pitch  and  describing  tem- 
plates, is  avoided  from  the  fact  that  the 
odontograph  serves  as  a  ready-made 
scribe  template,  as  exact  as  a  special 
scribe  template  laid  out  and  dressed  up, 
as  above  described,  would  be,  and  which 
is  also  adapted  to  being  mounted  to 
swing  around  the  center  of  the  gear. 


THE  AMMONIA  PROCESS  OF  TREATING  ORES. 

From  the  u  London  Mining  Journal." 


Some  fifteen  months  since  an  improved 
process  of  treating  ores  and  minerals  for 
obtaining  gold,  silver,  and  other  products 
therefrom,  was  suggested  by  Dr.  Thos. 
Clarke,  of  Wilmslow,  and  Mr.  E.  Smith, 


of  Torquay;  afcd  enough  has  now  been 
ascertained  with  regard  to  the  invention 
to  permit  of  an  opinion  being  formed 
upon  its  merits.  Mr.  Smith  explains 
that,  briefly,  the  process  consists  in  the 
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solution  of  the  copper  and   silver  salts, 
after  calcination  of  the  ore,  by  means  of 
ammonia    and    ammoniacal    salts,    then 
passing   this    solution    through    a    gal- 
vanic  tank,  formed   by  a  suitable    and 
economical    arrangement    of    sheets    of 
platinum  and    copper,  by  which   means 
the  whole  of  the  silver  is  deposited  in 
practically  a  pure  state,  whilst  the  cop- 
per passes  on — still  in  ammoniacal  solu- 
tion— and  is   precipitated   as   oxyd,   by 
passing  steam  into  the  solution,  with  the 
simultaneous    addition  of    a  very  small 
amount  of  caustic  alkali.     This  not  only  j 
precipitates   the    copper    as    oxyd,    but ! 
drives  off  the  ammonia,  which  may  be  ! 
collected   for-  re-use.      The   special   ad- 
vantages  which  he  claims  for  the  ammo- 
nia process   are   chiefly  its  economy  and, 
simplicity,  and  the  purity  of  the  products  ; 
obtained. 

In  carrying  out  the  process,  the  ores  or 
minerals  to  be  operated  upon  having  ■ 
been  first  sorted,  if  necessary,  are  pulver- 
ized  or  ground  and  sifted  to  the  requisite 
degree  of  fineness  and  uniformity  of 
size,  and  then  thoroughly  washed  and ' 
elutriated,  so  as  to  separate  all  the  light 
sparry,  silicious,  and  earthy  substances 
from  the  heavier  mineralized  matter,  and 
concentrate  the  really  valuable  portion 
to  the  utmost  possible  extent.  The  spe- 
cific gravity  of  the  gangue,  or  non-min- 
eralized part,  never  averages  above  2.9, 
and  if  not  removed  clogs  and  harasses 
all  the  succeeding  operations.  This  re- 
moval is  effected  by  their  improved  bud- 
die.  The  heavier  and  concentrated  ma- 
terial thus  obtained  is  then  roasted,  if 
necessary,  to  expel  volatile  substances, 
such  as  arsenic  and  sulphur,  and  which 
may  be  collected  and  purified  in  any 
ordinary  manner.  It  is  then  mixed  with 
an  alkaline  chloride,  such  as  common 
salt,  in  the  proportion  suitable  to  each 
class  of  ore,  say  in  the  ratio  of  ten  per 
cent.,  and  chlorodized  in  any  ordinary 
furnace.  As  the  process  of  roasting  and 
chlorodizing  as  now  performed  is  very 
slow  and  tedious,  they  propose  to  short- 
en the  operations  by  passing  a  cold  or 
hot  blast  of  air,  which  can  be  regulated 
at  will,  through  one  or  more  openings  in 
the  furnace,  whenever  it  may  be  consid- 
ered requisite.  If  the  chlorodized  mate- 
rial when  cold  is  lixiviated  with  water  the 
salts  of  gold,  copper,  iron,  &c,  are  dis- 
solved, whilst  tin,  if  present,  is  untouched, 


and  only  a  portion  of  the  chloride  of  sil- 
ver is  dissolved,  the  amount  so  dissolved 
depending  on  the  temperature  of  the 
water  used  for  lixiviation.  If  cold  water 
is  employed  the  chloride  of  silver  is  near- 
ly insoluble,  whilst  the  metallic  salts 
above  referred  to  are  readily  soluble. 
The  solution  thus  obtained,  which  also 
contains  all  the  free  acid  (and  which  it 
is  essential  should  be  removed),  being 
duly  heated  by  steam-jets,  or  superheated 
steam,  or  otherwise,  is  deprived  of  its 
copper  by  being  digested  with  scrap  or 
other  form  of  iron  in  a  suitable  tank  in 
the  usual  way. 

The  deposit  of  copper  thus  obtained 
may  also  contain  a  small  portion  of  gold 
or  silver  which  may  have  been  dissolved 
by  the  cold  water.  The  residue  left 
after  lixiviation,  and  containing  the  chlo- 
ride of  silver  (and  if  the  ore  has  been 
imperfectly  or  improperly  chlorodized  it 
may  also  contain  compounds  of  copper) 
is  now  treated  with  a  solution  of  an  al- 
kaline hyposulphite,  preferably  with 
hyposulphite  of  soda,  or  with  a  solution 
of  ammoniacal  gas  in  water,  commonly 
called  caustic  or  liquor  ammonia  (puri- 
fied coal-gas  liquor  will  do)  ;  or  of  a 
salt  containing  ammonia,  or  with  a  mix- 
ture of  any  alkaline  hyposulphite  with 
any  of  these  ammoniacal  compounds,  in 
which  the  chloride  of  silver  as  well  as 
the  residuary  copper  compounds  are 
readily  soluble ;  because  they  have  found 
by  careful  observation  and  research  that 
silver  is  far  more  quickly  and  certainly 
precipitated  from  alkaline  than  from 
acid  solutions.  The  clear  solution  of 
silver  thus  obtained,  either  by  the  hypo- 
sulphite of  soda  or  with  ammonia, 'sepa- 
rately or  both  combined,  is  next  run 
into  a  tank,  in  which  are  placed  sheets  of 
copper  alone,  or  sheets  of  copper  in  con- 
tact with  platinum  or  other  suitable 
metal,  carefully  arranged.  To  induce 
galvanic  or  voltaic  action  zinc  may  also 
be  used  instead  of  copper,  but  in  this 
case  if  the  silver  solution  should  contain 
any  copper,  it  will  be  precipitated  with 
the  silver,  and  so  be  intermixed  with  it. 
Their  object,  when  two  metals  are  used, 
is  to  turn  the  whole  tank  into  a  galvanic 
or  voltaic  battery. 

It  is  not  necessary  to  use  platinum  in 
a  solid^f orm,  as  it  will  be  found  sufficient 
to  use  it  as  sheets,  foil,  or  strips,  or  even 
as  any  platinized  solid,  so  that  the  due 
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connection  between  the  metals  be  kept 
up.  This  connection  causes  a  very  rapid 
deposition  of  the  silver,  and  the  action  is 
increased  by  the  further  addition  of 
ammonia  either  to  the  lixiviating  or  sil- 
ver precipitating  tank,  or  both  ;  indeed, 
so  exhaustive  is  the  solvent  power  of 
ammonia  that  it  will  not  only,  either 
alone  or  in  combination  with  the  hypo- 
sulphite, dissolve  any  silver  remaining, 
whether  as  chloride  or  oxyd,  but  it  will 
also  dissolve  any  cupreous  chloride  re- 
sulting from  defective  chlorodization, 
and  even  minute  particles  of  metallic 
copper.  If  hyposulphite  of  soda  alone 
is  used,  the  action  may  be  aided  by 
superheated  steam,  by  passing  galvanic 
currents  in  connection  with  the  platinum 
and  copper  to  increase  the  action  going 
on  within  the  tank,  and  if  necessary  by 
also  adding  a  suitable  quantity  of 
ground  copper  precipitate,  derived  from 
previous  operations,  to  the  solution.  The 
silver  thus  obtained  may  be  contaminat- 
ed with  certain  compounds  of  silver  or 
copper,  which  may  be  readily  removed 
by  washing  with  ammoniacal  liquor  or 
solution  of  hyposulphite  of  soda,  or 
both  together,  such  washings  to  be  put 
back  into  the  silver  precipitating  tank. 
The  solution  after  being  thus  deprived 
of  its  silver  is  drawn  off  (and  if  ammonia 
has  been  used  it  may  be  expelled  by  the 
steam  jet)  and  passed  into  the  ordinary 
copper-precipitating  tank,  or  the  am- 
moniacal solution  itself  may  be  passed 
into  a  tank,  and  the  copper  precipitated 
by  zinc  or  by  zinc  in  contact  with  plati- 
num or  other  suitable  metals. 

In  the  case  of  ores  containing  silver, 
but  without  any  or  with  only  small 
quantities  of  other  metals  the  chloro- 
dized ores  may  be  at  once  treated  with  a 
solution  of  the  hyposulphite  or  with  am- 
monia, or  with  both  combined,  without 
any  previous  lixiviation  (except  it  may  be 
to  remove  any  acid  or  other  impurity), 
and  the  silver  solution  so  obtained  be 
passed  into  the  silver  precipitating  tank 
in  the  manner  hereinbefore  described. 
It  is  to  be  understood  that  when  hypo- 
sulphite of  soda  alone  is  used  any  tem- 
perature may  be  employed  during  any 
part  of  the  process,  but  when  ammonia, 
either  alone  or  in  conjunction  with  hy- 
posulphite, is  used  the  process  is  more 
economically  conducted  at  ordinary  tem- 


peratures on  account  of  the  volatile  na- 
ture of  the  ammonia. 

The  inventors  mention  that,  although 
by  their  improved  process  they  employ 
agents  a  little  more  expensive  than  those 
hitherto  in  use,  yet  the  primary  concen- 
tration of  the  mineralized  matter,  the 
more  perfect  exhaustion  of  the  materials 
treated,  and  the  rapid  and  independent 
form  of  working  repay  many  times  over 
any  extra  cost.  The  platinum  is,  of 
course,  absolutely  unacted  on  by  the 
treatment,  and  always  retains  its  full 
market  value  ;  but  it  is  also  to  be 
specially  observed  that  in  the  case  of 
ores  containing  little  silver  and  copper, 
and  where  the  excess  of  salt  used  in 
chlorodizing  may  be  found  to  be  a  suffi- 
cient solvent,  or  where  it  is  preferred  to 
separate  the  silver  from  the  copper  in 
smelting  rather  than  by  passing  the  so- 
lution through  our  silver  precipitating 
tanks  (as  they  should  advise)  the  con- 
centrated and  chlorodized  ore  may  be  at 
once  brought  from  the  furnace,  and  put 
( into  a  simpler  form  of  their  improved 
i  bud  die,  partially  filled  with  hot  water, 
and  there  washed  or  lixiviated  until  the 
silver  and  copper  compounds  are  dissolv- 
ed. After  allowing  a  little  time  for  set- 
j  tling  after  each  washing  the  solution  may 
I  be  passed  into  the  filtering  tank,  or  even 
at  once  to  the  copper  precipitating  tank, 
j  when,  according  to  an  old  and  well- 
j  known  law,  the  copper,  silver,  and  gold, 
will,  and  indeed  must,  be  precipitated 
together.  The  precipitate,  when  enough 
has  accumulated,  may  be  washed  in 
the  buddle  until  all  soluble  salts,  silici- 
ous  matters,  and  other  impurities  are  re- 
moved, and  it  is  fitted  for  the  market. 
The  residue  of  the  ore  is,  of  course,  to  be 
treated  for  tin  should  it  be  present  there- 
in. 

So  much  for  ores  chlorodized  in  the 
usual  way,  but  their  ammonia  process  is 
not  thus  limited,  for  chlorodization  by 
salt  and  subsequent  precipitation  by 
iron  may  be  rendered  altogether  unneces- 


sary, 


because  ammonia  with  one  of  its 


salts  added — the  chloride  of  ammonium 
— forms  one  of  the  most  powerful  sol- 
vents for  copper  and  its  compounds 
known.  To  effect  this  the  ore  is  roasted 
in  a  proper  furnace  until  all  the  sulphides 
are  decomposed  and  rendered  amorphous 
(which  the  microscope  readily  shows), 
and  it  is  then  plunged,  hot  or  cold,  into 
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water  containing  chloride  of  calcium  or 
barium,  or  both,  and  left  for  a  time  to 
steep.  It  is  then  treated  with  ammonia, 
and  in  the  reactions  the  sulphuric  acid 
unites  with  the  limeq  forming  insoluble 
sulphate  of  lime,  which  is  precipitated. 
One  portion  of  chlorine  forms  chlorides 
with  the  metals,  and  the  other  hydro- 
chloric acid,  which,  when  excess  of  am- 
monia is  added,  forms  chloride  of  am- 
monium, and  so  by  this  simply  chemical 
change  the  double  solvent  is  obtained. 
In  the  case  of  burnt  Spanish  pyrites 
these  facts  may  be  at  once  demonstrated,  j 
The  copper  and  silver  are  thus  obtained  I 
in  a  clear  solution,  the  iron  and  all  the 
other  impurities  being  left  behind.  The 
silver  may  be  separated  as  before,  and  j 
on  the  ammonia  being  expelled  by  super- 
heated steam  jets  in  a  suitable  tank  the 
oxyd  of  copper  is  precipitated.  The  ad- 
dition of  a  little  fixed  alkali  ensures  the 
precipitation  of  the  whole  of  the  copper, 
dehydrates  the  copper  oxyd,  and  causes 
the  expulsion  of  all  the  ammonia.  This 
process  is  not  only  a  very  rapid  but  a 
very  economical  one,  as  (the  process 
being  a '  closed  one)  the  ammonia  is 
readily  recovered,  whilst  the  copper  and 
the  silver  may  be  smelted  on  the  premi- 
ses, and  obtained  in  a  state  of  very  great 
purity. 

In  the  case  of  argentiferous  lead  ores 
it  is  well  known  that  during  the  metal- 
lurgic  treatment  of  such  ores  the  silver 
is  ultimately  obtained  alloyed  with  lead, 
from  which  it  is  very  imperfectly  sepa 
rated  by  the  process  now  in  use.  It  is 
also  well  known  that  if  metallic  zinc  be 
added  to  the  fused  argentiferous  lead  the 
silver  separates  from  the  lead,  and  forms 
an  alloy  with  the  zinc,  the  argentiferous 
zinc  so  formed  rising  as  a  scum  to  the 
surface  of  the  molten  metal.  They  ex- 
tract the  silver  from  this  silver-zinc  scum 
by  very  carefully  chlorodizing,  either 
with  or  without  the  addition  of  sand  or 
other  inert  substances,  as  may  be  found 
necessary;  then  lixiviating  the  powdered 
chlorodized  material  first  with  cold  water 
(and  if  such  solution  contains  silver  it 
may  be  cast  into  the  silver  precipitating 
tank),  and  then  lixiviating  the  residue 
with  a  solution  of  hyposulphite  of  soda 
or  ammonia,,  or  preferably  both  combin- 
ed, and  passing  the  silver  solution  thus 
obtained  into  the  silver  precipitating 
tank,   as  'previously  described.     Should 


tin,  however,  be  present  in  any  of  the 
ores  thus  treated  it  is  unaffected,  as  pre- 
viously observed,  by  any  of  the  foregoing 
operations,  and  may  be  subsequently 
dealt  with  in  the  chemical  and  mechani- 
cal manner  to  be  now  described. 

It  is  a  well-known  fact  that  by  the 
present  method  of  dressing  ores  contain- 
ing tin,  or  "  tin  ores,"  very  considerable 
difficulty,  accompanied  with  a  serious 
loss  of  tin,  is  sometimes  experienced  in 
separating  certain  metallic  and  other 
compounds  associated  with  the  tin  par- 
ticle, and  having  very  nearly  the  same 
specific  gravity,  and  which  compounds, 
when  they  occur,  must  of  necessity  be  re- 
moved. Now,  they  find  that  by  chloro- 
dizing such  tin  ores  (independently  of 
any  lixiviation  or  treatment  for  other 
metals)  these  compounds  are  decomposed 
and  rendered  partly  soluble,  and  so  alter- 
ed in  their  specific  gravity  and  otherwise 
as  to  be  readily  separated  from  the  tin 
particle.  In  case,  therefore,  of  not  wish- 
ing to  put  such  tin  ore  through  the  pro- 
cesses herein  named  for  the  recovery  of 
other  metals,  it  may  be  at  unce  ground 
to  the  requisite  degreee  of  fineness  in  a 
dry  state  by  rolling,  grinding,  or  other 
mills,  sifted,  and  washed  in  their  improv- 
ed buddle  until  all  the  lighter  and  value- 
less constituents  are  as  far  as  possible 
removed.  This  simple  operation  brings 
the  ore  into  the  condition  technically 
termed  "  whits."  It  may  now  be  dried 
on  the  roof  of  the  furnace,  mixed  with 
the  requisite  proportion  of  salt,  and  with 
or  without  the  aid  of  the  hot  or  cold  air 
blast,  roasted  until  the  heavy  compounds 
which  interfere  with  the  dressing  of  the 
tin  are  chlorodized  or  otherwise  changed 
or  decomposed,  so  as  to  be  easily  removed 
by  washing,  and  it  is  also  to  be  observed 
that  as  such  ores  are  generally  roasted 
the  addition  of  the  salt  which  effects  so 
great  a  change  involves  very  little  fur- 
ther expense  or  trouble,  and  the  chloro- 
dization  can  be  effected  with  great  fa- 
cility, because  not  having  to  fear  any 
volatization  or  decomposition  of  silver  or 
copper  chloride  a  high  temperature  may 
be  employed,  but  should  there  be  any 
volatile  matters  in  the  ore  worth  collect- 
ing, as  arsenic  or  sulphur,  these  must  be 
driven  off  before  chlorodizing,  and  in 
certain  cases,  where  they  are  associated 
with  little  silver  or  copper,  even  before 
it  is  finely  powdered  and  washed,  as  the 
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roasting  will  diminish  the  bulk,  aid  the 
pulverization,  and  clean  the  tin.  On  the 
other  hand,  if  the  different  bodies  allud- 
ed to  are  not  present  in  the  ore,  and  as 
it  is,  as  not  unf  requently,  essentially  a  tin 
ore,  simple  grinding  and  washing  in  their 
buddle,  without  either  roasting  or  chlo- 
rodizing,  will  be  sufficient. 

In  any  of  these  cases,  then,  when  the 
tin  ore  has  been  treated  as  its  variety  re- 
quires and  is  ready  to  be  washed,  they 
first  place  the  material  in  a  suitable  re- 
ceptacle where  it  can  be  acted  upon  by 
water  (or  it  can  be  placed  at  once  in 
their  buddle  if  desired),  and  from  which 
it  is  washed  by  a  stream  into  a  circular 
tub  thus  made  :  It  is  in  shape  somewhat 
like  a  brewer's  vat,  and  along  the  sides, 
which  may  be  perpendicular  or  inclined, 
are  placed  pieces  of  wood  on  hinges,  to 
act  as  wings  or  "  bafflers,"  and  to  turn 
each  way,  so  as  to  break  up  the  whirl  of 
the  current  as  required.  Within  the 
circle  of  these  wings  revolve  the  spiral 
blades  of  a  screw  fixed  in  a  collar  round 
a  frame,  and  turning  with  and  by  a  cen- 
tral shaft.  These  fans  wind,  so  to 
speak,  the  lighter  particles  from  the  sur- 
face of  the  tin  upwards  and  outwards, 
and  the  entire  action  of  the  machine  is 
based  on  the  well-known  axiom  in  tin 
dressing,  that  the  particles  of  matter 
acted  upon  should  be  forced  upwards 
against  the  downward  current.  Below 
these  spiral  fans  is  a  double  series  of 
lighter  fans,  which  sweep  the  surface, 
and  tend  to  distribute  the  particles  of 
the  tin  and  allow  them  to  settle  equally, 
while  below  these  are  four  or  more 
strong  horizontal  bars  of  iron  firmly 
welded  into  an  iron  collar,  and  having 
metal  teeth  riveted  into  them  to  act  as 
rakes,  the  teeth  of  one  rake  intersecting 
with  those  of  the  others.  These  rakes 
not  only  help  to  clear  the  tin  of  any  im- 
purity, but  by  their  movement  and  vi- 
bration to  settle  it  at  the  bottom. 

As  the  speed  of  the  shaft  and  the  ap- 
paratus attached  to  the  outer  frame 
thereof  can  be  diminished  or  increased 
by  a  strap  running  over  opposite  cones 
of  pulleys,  as  each  series  of  fans  can  be 
altered  in  its  position  on  the  shaft,  as 
the  whole  of  the  fans  and  rakes  can  be 
raised  or  lowered  together  by  means  of 
a  lever  or  a  weight  running  over  a  pul- 
ley, as  the  angle  of  the  spiral  blades 
may  be  changed  at  will,  and  as  the  an- 


gle of  the  side  wings  can  be  also  in- 
creased or  diminished;  by  all  these  com- 
bined operations  any  variety  of  move- 
ment may  be  obtained  from  the  most 
violent  to  the  most  gentle,  until  the  ex- 
act degree  of  motion  is  found  which 
suits  the  case.  This  variety  of  motion 
and  the  washing  of  the  ores  are  still 
further  aided  by  upward,  and  if  need  be, 
downward,  currents  of  water  from  pipes 
passing  the  buddle  both  from  the  sides 
and  the  top.  One  or  more  doors  are  in- 
serted at  the  side  of  the  buddle  near  the 
bottom  to  remove  the  washed  ore,  and  a 
series  of  openings  is  made  (say)  about 
six  inches  apart,  having  projecting 
mouths  capable  of  being  opened  or  shut 
at  will  to  allow  the  washings  to  escape 
at  different  heights,  or  the  water  may  be 
made  to  escape  even  inch  by  inch  by  tin 
spouts  made  to  fit  such  projecting 
mouths,  and  having  different  degrees  of 
elevation.  When  the  fans  are  made  to 
revolve  fast  or  slow,  as  may  be  neces- 
sary, the  heavier  particles  of  tin  or  other 
metal  fall  to  the  bottom,  and  the  lighter 
and  less  valuable  matter  escapes  through 
any  one  of  the  openings  at  the  side  as  de- 
termined on,  the  movements  of  the  fans 
being  so  regulated  as  to  prevent  the  tin 
or  other  valuable  matter,  while  being 
washed,  rising  high  enough  to  escape. 
To  avoid  any  risk,  however,  from  care- 
lessness, the  liquid  from  the  buddle  may 
run  over  a  launder  having  stops,  and 
then  if  need  be  over  automatic  tables, 
so  that  nothing  worth  saving  need  be 
lost.  Even  percussion  hammers  may  be 
attached  to  the  sides  of  the  buddle,  if 
desired.  If  stamps  are  in  use  the  ma- 
chine will  wash  the  crushed  ore  and 
slimes  just  the  same,  care  being  taken 
that  a  sufficiency  of  water  is  employed; 
but  if  stamps  alone  are  used,  it  is  better 
to  crush  the  ore  very  coarsely  (say, 
through  half-inch  grids),  and  to  finish 
by  passing  it  through  a  suitable  grind- 
ing-mill,  whereby  all  the  particles  are 
made  as  uniform  as  possible. 


A  site  has  been  selected  and  plan  se- 
cured for  the  erection  of  a  free  library 
and  museum  for  Derby.  Mr.  Bass,  M.P., 
a  few  years  ago  gave  a  donation  of  £5000 
towards  the  object,  and  he  has  now  ex- 
pressed his  intention  to  increase  the  gift, 
to  £8000. 
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IRRIGATION  WORKS  IN  INDIA,  WITH  ESPECIAL  REFER- 
ENCE TO  THEIR  REMUNERATIVENESS. 

By  W.  T.  THOENTON,  C.  B. 
From  "  Journal  of  the  Society  of  Arts." 


The  remunerativeness  of  Indian  irri- 
gation works  being  the  subject  of  this 
paper,  a  very  few  prefatory  remarks  will 
suffice  for  its  introduction. 

Every  apparatus,  from  a  watering-pot 
upwards,  contrived  for  conveying  water 
to  cultivated  land,  is  entitled  to  be  class- 
ed among  irrigation  works.  Such  cer- 
tainly is  the  Shadoof,  or  pole  and  bucket, 
which  has  been  immemorially  in  use  in 
many  Eastern  countries,  and  in  India  I 
among  the  rest,  for  drawing  up  water  j 
from  the  wells.  Such,  too,  are  the  wells 
themselves.  In  regard  to  such  simple 
contrivances,  however,  the  question  be- 
fore us  does  not  arise,  for  they  are  usu- 
ally formed  by  individual  cultivators, 
who  would  certainly  not  have  gone  on 
making  them  for  so  many  ages  if  they 
had  not  found  their  account  in  so  doing. 
Neither,  and  for  the  same  reason,  does  it 
arise  in  connection  with  the  tanks  or 
reservoirs,  on  however  large  a  scale, 
which  village  communities  or  other  asso- 
ciations of  land  owners  have,  of  their 
own  accord,  constructed.  It  is  only 
when  the  State,  or  some  other  second 
party  interposes,  and,  trusting  to  its  own 
discretion,  provides  the  means  of  irriga- 
tion, that  much  doubt  can  reasonably  be 
entertained,  whether  the  discretion  exer- 
cised has  been  a  wise  one. 

Now,  in  India,  the  State,  not  to  speak 
of  what  was  done  under  native  rule,  has 
within  the  last  forty  years  done. a  very 
great  deal  for  irrigation.     It  has  provid- 
ed one  or  two   districts  with  tolerably  | 
complete  systems  of  tanks,  and  in  most  | 
parts  of    the  peninsula  has  constructed ! 
works  of    a  more    ambitious   character, > 
throwing  bunds    across  rivers  high    up 
stream,  and  from  the  reservoirs  formed 
behind   the   bunds,   leading   off    canals, 
from  which,  and  from  whose  multitudi- 
nous ramifications,  water  becomes  capa- 
ble of  distribution   over  wide   stretches 
of  country  lower  down,  often  to  the  ex- 
tent of  many  hundreds  of  thousands  of 
acres. 

Have  works  of  this  description  hither- 
to proved,  and  are  they  likely  hereafter 
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to   prove   remunerative?      This    is   the 
question    suggested    for    consideration, 
very  important  one  it  is,  for  on 


and  a 

the  answer  to  which  it  is  entitled  de- 
pends whether  or  not  the  State  will  be 
warranted  in  continuing  its  present 
course — whether,  having  laid  out  be- 
tween thirteen  and  fourteen  millions 
sterling  on  irrigation,  it  can  prudently, 
in  accordance  with  its  present  intention, 
lay  out  six  millions  more  during  the  next 
few  years  ;  or  whether  it  had  not  better 
stay  its  hand,  and,  contenting  itself  with 
the  liabilities  already  incurred,  not  risk 
any  additional  funds  in  the  same  particu- 
lar kind  of  investment. 

Before  proceeding  further,  we  must, 
if  we  desire  to  proceed  safely,  settle 
what  precise  meaning  is  to  be  attached 
to  the  word  "remunerative." 

Every  Government  that  both  adequate- 
ly performs  its  duties  and  confines  itself 
within  its  legitimate  functions,  is  neither 
more  nor  less  than  trustee  and  adminis- 
trative agent  for  the  governed.  The 
funds  at  its  disposal  are  exclusively  na- 
tional money,  and  whatever  investment 
it  makes  of  this  money  may,  with  perfect 
strictness,  be  termed  remunerative,  pro- 
vided the  resulting  benefits  to  the  nation 
at  large,  of  whatever  sort  the  benefits 
be,  are  commensurate  with  the  outlay. 
But,  on  the  other  hand,  every  Govern- 
ment, even  the  most  absolute — even  one 
which  theoretically  has  the  entire  prop- 
erty of  its  subjects  at  its  disposal,  is 
practically  incapable  of  appropriating 
to  its  own  use  more  than  a  portion  of 
that  property.  Practically,  its  income 
is  limited,  and  no  more  than  any  other 
recipient  of  a  limited  income,  can  it, 
without  imminent  risk  of  bankruptcy, 
systematically  spend  more  than  its  in- 
come, borrowing  money  for  the  purpose, 
unless  the  borrowed  money  be  applied 
in  such  a  manner  as  to  yield  pecuniary 
returns  sufficient  to  pay  the  annual  in- 
terest due  to  the  lenders.  Imagine  it, 
for  example,  to  go  on  raising  loan  after 
loan  in  order  to  throw  down  town  after 
town  and  to  rebuild  them,  in  accordance 
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with  the  sanitary  principles  lately  enun- 
ciated by  Dr.  Richardson — the  good  done 
to  the  inhabitants  of  the  remodeled 
towns  might  possibly  be  fully  equivalent 
to  the  money  spent,  but,  unless  the  in- 
habitants could  be  persuaded  or  compel- 
led to  pay  rents  and  rates  duly  propor- 
tioned to  the  cost  of  the  sanitary  im- 
provements, the  Government  would 
eventually  have  no  better  alternative 
than  that  of  resolving  itself  into  an  in- 
solvent court  for  self -emancipation  from 
its  financial  difficulties.  Although,  then, 
of  the  two  specified  senses  of  which  the 
the  term  "  remunerative "  admits,  the 
first  must  by  no  means  be  disregarded, 
the  second  is  the  one  that  here  claims 
our  chief  regard.  Be  the  advantages  of 
irrigation  works  what  they  may  to  the 
entire  community,  what  more  immedi- 
ately concerns  us  here  is  their  effect  on 
the  Government  Treasury  ;  and  we  may 
therefore   at    once    proceed    to   inquire 


whether  those  which  the  British  Govern- 
has  constructed  in  India  do  actually 
make,  or  are  likely  to  make,  within  the 
period  during  which  the  Government  can 
afford  to  wait,  satisfactory  pecuniary  re- 
turns upon  the  capital  outlay.  Not  that 
we  have  as  yet  quite  done  with  our  defi- 
nitions. We  have  still  to  determine 
what  species  of  disbursements  ought  to 
be  included  in,  and  what  excluded  from, 
capital  outlay,  and  also  what  receipts 
can  properly  be  treated  as  irrigation 
revenue.  These  points  will  come  before 
us  presently,  but  for  the  moment  they 
may  be  conveniently  postponed.  Their 
significance  will  be  better  appreciated 
after  a  brief  examination  of  such  statis- 
tical data  as  are  at  present  accessible. 

According  to  the  latest  official  ac- 
counts, the  totals  of  capital  which  have 
hitherto  been  laid  out  on  irrigation 
works  by  the  British  rulers  of  India  are 
as  follows : 


Bengal 

North- West  Provinces 

Punjaub 

Madras  Presidency - 

Bombay  Territories,  inclusive  of  Sind 

Rajpootana 

Oudh 

Central  Provinces 

British  Burmah 


From  ordinary 
income. 


£93,879 

2,753,530 

1,590,058 

1,015,038 

853,165 

18,943 

44,122 

32,983 

211,024 


From  loans. 


£3,058,019 

1,225,634 

1,094,221 

541,488 

709,495 

18,696 


Total. 


£3,151,898 

3,979,164 

2,684,279 

1,556,526 

1,562,660 

37,639 

44,122 

32,983 

211,024 


making  for  the  whole  of  India  a  total  of 
£13,260,295,  whereof  £6,612,742  was 
obtained    from    ordinary    income,    and 


£6,647,553  consists  of  borrowed  money. 
On  a  few  of  the  larger  complete  works 
the  expenditure  is  stated  as  follows  : 


Ganges  Canal 

Eastern  Jumna  Canal 

Western  Jumna  Canal 

Godavery  Delta  Works 

Kistnah  Delta  Works 

Cauvery  Delta  Works 

Sind  Inundation  Canals  (computed) 


From  income.     From  loans. 


£2,342,680 
201,035 
231,389 
505,303 
317,053 
1,999 
483,000 


£301,945 

6,708 
102,828 
138,978 
115,841 
40,205 
113,000 


Total. 


£2,644,625 
207,743 
334,217 
644,281 
432,894 
42,204 
596,000 


Regarding  revenue  from  irrigation 
works,  our  statistics  are  to  the  following 
effect :        {See  Table  on  following  page.) 

From  Oudh  and  the  Central  Provinces 
the  returns  are  nil.  In  Rajpootana  there 
is  a  loss  of  £7,156,  or  nineteen  per  cent. 


upon  capital,  the  canals  not  even  paying 
their  working  expenses.  For  all  India 
the  net  revenue  is  stated  at  £1,021,430 
or  7.7  per  cent. 

Among    separate   works   the   Ganges 
Canal  is  represented  as  yielding  4.88  per 
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Percent- 
Net  age  on 
annual  capital 
revenue.  outlay. 
North- Western  Provinces. £184, 670  ..      4.6 

Punjaub 151,826  ..      5.6 

Madras 430,162  ..    27.6 

Bombay,  including  Sind..    264,534  ..    16.9 

British  Bnrrnah 6,917  . .      3.27 

cent.  The  Eastern  Jumna,  25.2  ;  the 
Western  Jumna,  30;  the  Godavery  Delta 
Works, 42. 19;  the  Kistnah  Works,  19.73; 
the  Cauvery  Works,  273.31  ;  and  the 
Sind  Inundation  Canals,  33.3. 

Before  attempting  to  draw  any  gener- 
al deductions  from  these  figures,  we  shall 
do  well  to  inquire  into  their  trustworthi- 
ness, which,  though  open  to  severe  criti- 
cism in  some  important  particulars,  has, 
I  think,  been  somewhat  unduly  impugned 
in  regard  to  others.  It  must,  in  the  first 
place,  be  admitted  that  the  amount  given 
as  the  total  of  capital  outlay  is  in  part 
made  up  of  sums  which  are  far  from  ex- 
pressing the  total  cost  of  the  particular 
works  to  which  they  relate.  Among  the 
works  occupying  the  highest  places  in 
the  scale  of  remunerativeness  are  several, 
which,  how  much  so  ever  they  may  have 
been  subsequently  improved  by  British 
engineers,  date  originally  from  days  long 
anterior  to  British  domination.  The 
Annicut  across  the  Cauvery,  in  Tanjore, 
is  supposed  to  have  been  raised,  and  the 
canals  from  the  reservoir  in  its  rear  to 
have  been  excavated,  by  a  Hindoo  Ra- 
jah sixteen  centuries  before  they  were 
remodeled  by  Sir  Arthur  Cotton  ;  and 
the  eastern  and.  western  Jumna  Canals, 
though  re-opened,  between  1823  and 
1843,  by  Sir  William  Baker  and  his  co- 
adjutors, had  been  first  opened  more 
than  two  hundred  years  earlier,  in  the 
reign  of  the  Mogul  sovereign  Shah  Je- 
han  ;  while,  of  the  numerous  canals 
branching  out  from  the  Indus  very  many 
must  be  nearly  as  old  as  the  first  dawn 
of  civilization  in  Sind.  No  one,  who  re- 
flects for  a  moment,  can  suppose  that 
for  the  £42,000  laid  out  by  the  British 
Government  on  the  Cauvery  works,  or 
for  the  £542,000  expended  by  it  on  the 
Jumna  Canals,  or  for  the  £600,000  ex- 
pended on  the  inundation  canals  of  Sind, 
the  works  severally  in  question  could  be 
created,  if  they  had  now  to  be  created 
afresh.  Possibly  it  maybe  the  fact  that 
in  Tanjore  and  Sind  the  greater  part,  and 
it  certainly  is  the  fact  that  in  the  terri- 


tories watered  by  the  Jumna  Canals,  the 
whole  of  the  present  irrigation  revenue 
is  due  to  British  expenditure,  but  it  is 
needless  to  observe  that  the  percentage 
of  revenue  earned  in  such  exceptional 
circumstances  can  be  no  criterion  of  the 
percentage  of  earnings  reasonably  to  be 
expected  from  absolutely  new  works. 
The  admission  of  such  percentage,  there- 
fore, into  calculations  designed  to  show 
the  average  remunerativeness  of  irriga- 
tion works  in  general  cannot  fail  to  mis- 
lead, unless  very  considerable  additions 
be  entered  on  the  expenditure  side  of  the 
account.  To  judge  from  the  estimated 
cost  per  mile  of  the  Soane  Canal,  £1,200,- 
000  at  least  must  be  added  for  the  Jumna 
Canals,  and,  from  calculations  of  a  dif- 
ferent kind,  it  may  be  inferred  that  not 
less  than  £250,000  will  suffice  for  the 
Cauvery,  nor  than  £600,000  for  the  Sind 
Canals,  so  that  altogether  about  £2,050,- 
000  must  be  added. 

The  amount  given  as  total  capital  out- 
lay must  further  be  admitted  to  be  im- 
perfect in  not  including  anything  for  loss 
of  interest,  during  construction,  on  what- 
ever portion  of  the  cost  of  the  several 
works  may  have  been  defrayed  with 
borrowed  money.  If  the  works  had 
been  paid  for  entirely  by  savings  from 
income,  such  loss  of  interest  would  not 
be  properly  chargeable  against  them. 
It  is  true,  that,  if  an  individual  capitalist 
lay  out  £100,000  of  his  own  in  construct- 
ing and  fitting  up  a  factory,  which  is  not 
furnished  for  a  twelvemonth,  his  money 
lies  unproductive  during  that  period,  and 
the  factory  may  seem  to  have  cost  him 
not  merely  the  amount  expended  upon 
it,  but  also  a  year's  interest  thereon  at 
the  current  rate,  and,  if  that  rate  be 
taken  at  four  per  cent,  to  have  cost  him 
not  £100,000,  but  £104,000.  Here,  how- 
ever, it  is  assumed  that,  if  his  money  had 
not  been  invested  in  the  factory,  it  would 
necessarily  have  been  applied  in  some 
other  way,  which  would  have  yielded 
him  an  immediate  net  return.  But  this 
is  far  from  being  the  case,  for  the  owner 
of  the  money  might,  quite  possibly,  have 
engaged  in  some  unlucky  mercantile  ad- 
venture, or  might  have  intrusted  his 
cash  to  a  bubble  company,  or  sunk  it  in 
a  railway  doomed  never  to  make  any  net 
earnings,  and  so,  instead  of  gaining  any 
interest,  might  have  irrevocably  lost  the 
principal.      Possibly,  indeed,   he  might 
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have  avoided  this  risk  by  selecting  con- 
sols or  some  other  stock  adequately 
guaranteed ;  but  the  field  offered  by  such 
perfect  securities  is  exceedingly  small  in 
proportion  to  the  total  of  capital  seeking 
investment,  for  the  greater  part  of  which 
there  is,  therefore,  no  alternative,  besides 
either  letting  it  lie  idle,  or  committing  it 
to  enterprises  more  or  less  hazardous. 
No  private  person  consequently,  dealing 
only  with  his  own  money,  ever  says  that 
he  has  sunk  in  a  given  undertaking  more 
than  the  principal  actually  spent.  He 
never,  while  computing  what  the  under- 
taking has  cost  him,  dreams  of  adding 
interest  to  principal. 

If,  however,  a  private  undertaker,  hav- 
ing no  capital  of  his  own,  borrow,  at 
four  per  cent.,  £100,000  for  expenditure 
on  a  factory  requiring  a  twelvemonth 
for  its  completion,  he  will  clearly  be  at 
the  end  of  the  year  £104,000  out  of 
pocket ;  his  factory  will  clearly  have  lost 
him  so  much.  Or,  if  we  can  suppose  a 
single  individual  to  go  on  borrowing  at 
the  same  rate  £100,000  a  year  for  ten 
consecutive  years,  for  expenditure  on 
some  work  of  gigantic  proportions,  that 
work  will  at  the  end  of  the  ten  years 
have  cost  its  proprietor,  not  simply  the 
million  sterling  actually  spent  upon  it, 
but  a  million  plus  the  interest  he  had  to 
pay  on  his  successive  loans,  or  £1,220,- 
000  altogether. 

And  as  of  an  individual,  so  of  a  Gov- 
ernment.     The    Anglo-Indian    Govern- 
ment has   spent  upon  irrigation  works, 
which   on   an    average    have    probably 
each  taken  not  less  than  ten  years  to 
complete,  about  £6,650,000,  borrowed  at 
four  per  cent,  or  thereabouts.     To  this 
amount,    therefore,    should    be     added 
£1,463,000    as    simple,  interest    during 
construction.   Perhaps  it  may  be  thought 
that  the  interest  reckoned  should  be  not 
simple  but  compound,  inasmuch  as  the 
sums  paid  annually  to  the  lenders  might, 
if  not  so  payable,  have  been  applied  an 
nually   to    the    redemption  of  previous 
debts.     But  although  they  might  have 
been,    they    certainly   would    not   have 
been  so  applied,  but  would  have  been 
devoted  instead  to  some  species  of  ex- 
penditure  not   directly    productive — to 
the  construction  of  roads  perhaps,  or  of 
barracks,  or   of  civil  buildings  ;  to  the 
extension   of   education,   or  possibly  to 
the  multiplication  of  functionaries,  or  to 


the  augmentation  of  salaries.  Perhaps^ 
too,  it  may  be  thought  that,  not  merely 
should  interest  on  capital  during  con- 
struction be  added  to  cost,  but,  likewise, 
all  deficits  of  annual  earnings  after  the 
works  are  completed.  But  why,  it  may 
be  asked,  should  this  be  done  in  the  case 
of  only  partially  productive  expenditure, 
more  than  in  that  of  expenditure  neces- 
sarily and  absolutely  unproductive  ?  If 
a  palace,  when  just  finished,  has  cost 
half-a-million,  you  would  not,  ten  years 
later,  state  its  cost  at  £700,000,  because, 
if  the  money,  instead  of  being  sunk  in 
the  palace,  had  been  put  out  at  interest 
at  four  per  cent.,  it  would,  in  ten  years, 
have  produced  so  much.  Surely,  in  the 
case  of  an  unsuccessful  irrigation  work, 
as  of  a  palace,  the  absurdity  would  be 
equally  great  in  representing  the  cost  as 
everlastingly  increasing,  notwithstand- 
ing that  all  expenditure  upon  it  had  long 
ago  ceased.  Simple  interest  on  capital 
during  construction,  however,  is  un- 
doubtedly a  genuine  element  of  cost, 
and  the  addition  to  be  made  on  this  ac- 
count to  the  cost  of  Indian  irrigation 
works,  amounts,  as  we  have  seen,  to 
nearly  a  million  and  a  half.  Moreover, 
a  third  addition,  which  may  be  roughly 
estimated  at  £400,000,  remains  to  be 
made  for  compensation  to  the  owners  of 
land  occupied  by  irrigation  works,  and 
for  capitalization  of  the  land-tax  lost  in 
consequence. 

But,  if  the  official  accounts  underrate 
in  some  respects  the  cost  of  Indian  pub- 
lic works,  they  somewhat  exaggerate  it 
in  others.  At  first  sight,  it  may  seem 
manifest  that  the  pay  and  allowances  for 
the  time  being  of  persons  employed  in 
planning,  executing,  or  superintending 
the  execution  of  any  project,  are  compo- 
nent parts  of  the  outlay  on  that  project  ; 
but  this  is  not  altogether  so  manifest  as 
it  seems.  A  very  large  establishment  of 
engineers,  overseers,  surveyors,  and  sub- 
ordinate employes  is  permanently  enter- 
tained in  India,  at  an  annual  expense  to 
the  State  of  about  a  million  and  a  half, 
for  the  general  business  of  the  Public 
Works  Department  ;  and  as,  if  there 
was  no  public  works  to  be  constructed  or 
maintained,  this  establishment  would  not 
be  needed,  its  entire  expense  may  no 
doubt,  from  one  point  of  view,  appear 
justly  devisible  amongst  the  whole  num- 
ber  of   public   works.     Still  it  may  be 
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suggested  that  this  establishment  may 
appropriately  be  likened  to  a  standing 
army  in  time  of  peace.  If  war  break 
out,  whatever  extra  expenditure  is  in- 
curred for  munitions,  stores,  commissari- 
at or  carriage  is,  of  course,  legitimately 
debited  to  the  war  ;  but,  in  so  far  as  the 
troops  ordered  on  active  service  consist 
of  previously  existing  regiments,  their 
pay  and  allowances  remain  the  same  as 
they  were  in  peace,  and  are  never,  there- 
fore, reckoned  among  war  charges.  It 
is  only  the  additional  forces  raised,  the 
entire  expense  of  maintaining  and  utili- 
zing whom,  is  so  reckoned.  In  like 
manner,  when  any  particular  Indian 
public  work — the  Soane  Canal,  for  exam- 
ple— is  undertaken,  if  for  the  execution 
of  that  work  additional  engineers  or 
other  agents  be  engaged,  the  hire  of 
those  agents  is  clearly  an  essential  part 
of  the  cost  of  the  particular  work.  But 
not  so  the  pay  of  such  of  the  engineers 
or  others  as  were  already  beforehand  in 
the  permanent  pay  of  Government. 
These,  if  not  employed  on  the  Soane 
Canal,  would  have  been  either  working, 
or  resting  from  work,  somewhere  else — 
but  drawing  the  regular  pay  of  their 
rank  all  the  same.  To  employ  these 
persons  on  the  Soane  Canal  thus  costs 
the  Government  nothing,  and  their  pay, 
consequently,  adds  nothing  to  the  cost 
of  the  canal,  and  need  not,  I  submit  be 
included  in  it. 

Not  only,  however,  is  it  included,  but 
to  it  is  added  a  share  of  the  cost  of  train- 
ing engineers  and  others,  and  of  pen- 
sions and  of  leave  allowances  of  members 
of  the  establishment.  Now,  surely,  this 
addition,  at  any  rate,  is  unjust,  since 
whether  the  Soane  Canal  project  had 
been  undertaken  or  not,  the  annual  ex- 
pense of  Coopers'-hill,  or  of  Roorkee 
College,  would  have  remained  the  same, 
and  neither  more  nor  fewer  persons  have 
retired  on  pensions,  or  have  been  allowed 
leave  of  absence.  The  charge,  too,  made 
for  tools  and  plant  seems  to  me  excessive. 
Even  though  some  articles  of  this  de- 
scription were  purchased  with  a  view  ex- 
clusively to  the  requirements  of  some 
particular  project,  it  may  be  doubted 
whether  their  entire  cost  should  be  add- 
ed to  that  of  the  project,  since,  after 
that  particular  work  was  completed, 
they  might  still  be  available  for  other 
works  of  the  same  kind  ;  while,  in  so  far 


as  tools  or  plant  are  taken  from  some 
pre-existing  stock,  it  seems  to  me  that 
the  project  is  not  justly  chargeable  with 
more  than  their  wear  and  tear. 

We  come  now  to  irrigation  receipts, 
which  in  the  official  accounts  are  arrang- 
ed under  the  two  heads  of  direct  and  in- 
direct, the  former  consisting  of  water 
rates,  tolls  on  boats,  sale  proceeds  of 
timber  grown  on  the  canal. banks,  and  a 
few  other  miscellaneous  items — the  lat- 
ter of  land  revenue  assumed  to  be  due  to 
irrigation.  As  to  the  direct  receipts 
there  is  no  question  ;  these  are,  undoubt- 
edly, genuine  irrigation  earnings,  but 
there  is  not,  nor  -can  there  be  equal  assur- 
ance in  respect  to  the  indirect  receipts. 
That  land,  for  which  irrigation  is  suita- 
ble, is  always  immensely  benefited  by  ir- 
rigation, may  indeed  be  accepted  as  an 
ascertained  fact,  the  produce  being  in- 
creased in  proportions,  varying  with  the 
character  of  the  soil,  but  seldom  less 
than  one-half,  and  sometimes  as  much  as 
six  or  sevenfold.  The  lease-holding 
middlemen,  who  intervene  between  the 
Government  and  the  cultivating  tenants 
of  the  soil,  observing  this  increased  pro- 
duction, naturally  raise  their  rents,  and 
the  Government,  when  periodically  re- 
vising its  arrangements  with  the  middle- 
men in  those  of  its  territories  in  which  it 
has  not  committed  the  fatal  blunder  of  a 
permanent  settlement,  exacts,  in  its 
turn,  some  corresponding  addition  to  its 
previous  share  of  the  rent.  Probably, 
however,  it  is  not  to  irrigation  alone 
that  the  growth  of  the  Government 
revenue  from  irrigated  land  is  due. 
Many  other  causes  have  most  likely  co- 
operated— greater  security  for  life  and 
property,  better  administration  of  jus- 
tice, improved,  agricultural  processes, 
stricter  and  more  judicious  fiscal  man- 
agement ;  and  the  members  of  the  pub- 
lic works  and  revenue  departments  can 
never  agree  as  to  which  of  these  sets  of 
causes  has  exerted  the  most  influence, 
public  works'  officers  naturally  laying 
most  stress  on  the  first  set,  and  revenue 
officers  on  the  second. 

This  conflict  of  opinion  is  especially 
obstinate  and  acrimonious  in  the  Madras 
Presidency,  where,  as  also  in  the  Bom- 
bay territories,  the  actual  levy  of  water- 
rates  is  a  very  exceptional  proceeding, 
and  all  Government  dues,  from  irrigated 
and  unirrigated  land  alike,  are,  as  a  rule, 
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collected  under  the  name  of  land  assess- 
ment. To  get  at  the  exact  rights  of  the 
matter  is  of  course  impossible  ;  some 
tolerably  close  approximation  to  the 
truth  is  the  utmost  that  can  reasonably 
be  hoped  for.  As  fair  a  way  as  any 
would  apparently  be  to  compare  fields 
of  similar  soil,  irrigated  and  unirrigated, 
and  to  credit  irrigation  with  whatever 
surplus  of  production  was  observable  in 
the  former.  But  not  to  speak  of  the  ex- 
treme minuteness  of  examination  which 
this  operation  would  require,  exactly 
similar  soils  would  seldom  be  found  far 
apart,  and  even  if  found,  they  would  be 
sure  to  be  differently  circumstanced. 
They  could  scarcely  have  equally  easy 
access  to  good  markets,  or  be  farmed 
with  the  same  skill  and  judgment,  and 
they  would  generally  be  under  quite  dif- 
ferent crops.  Practically,  then,  the  con- 
troversy is,  and  needs  must  be,  settled 
more  or  less  arbitrarily  by  guesswork, 
and  with  such  strong  prejudices  as  those 
under  which  the  guessers  are  laboring, 
the  sentences  passed  are  sure  to  be  more 
or  less  erroneous.  Fortunately,  however, 
the  errors  committed  are  pretty  sure  to 
be  on  the  safe  side.  In  point  of  fact,  it 
is  left  to  revenue  officers  to  decide  what 
portion  of  the  revenue  collections  shall 
be  attributed  to  irrigation  ;  and  as  these 
officers  are  not  likely  to  assign  to  irriga- 
tion more  than  its  due,  we  may  reasona- 
bly take  for  granted  that  the  share  as- 
signed to  it  in  the*  official  accounts  is 
rather  below  than  above  the  mark.  We 
shall  not  then  run  much  risk  of  exagger- 
ation in  assuming  the  official  figures  of 
revenue  to  be  accurate,  so  that,  after 
making  the  necessary  corrections  in  the 
corresponding  figures  of  expenditure, 
we  may  proceed  without  further  delay 
to  compare  the  two. 

To  the  official  total  of  capital  outlay, 
in  round  numbers  £13,260,000,  we  must 
add  a  million  and  a-half  for  loss  of  in- 
terest during  construction,  £2,050,000, 
as  the  difference  between  what  the  Anglo- 
Indian  Government  has  laid  out  on  the 
Jumna,  Cauvery,  and  Sind  Works,  and 
what  the  entire  construction  of  those 
works  would  have  cost,  and  £400,000  as 
compensation  to  landowners,  and  capi- 
talization of  land  revenue  sacrificed  ; 
therebv  raising  the  aggregate  amount  to 
£17,210,000. 

From  this  amount  something    ought, 


perhaps,  to  be  deducted  for  excess  of 
charge  under  the  heads  of  establishment, 
and  tools,  and  plant,  but  having  no 
means  of  ascertaining  how  much  should 
be  deducted  on  this  account,  I  prefer,  on 
the  principle  of  erring  on  the  right  side, 
if  at  all,  to  deduct  nothing. 

There  is,  however,  one  and  a  very  im- 
portant deduction  to  be  made.  Of  the 
total  of  £17,210,000,  rather  more  than 
three  millions  have  been  expended  upon 
surveys  and  other  preparations  for 
schemes  not  prosecuted  beyond  the  pre- 
liminary stage,  or  upon  undertakings 
which  were  either  abandoned  as  hope- 
lessly unsuccessful  while  still  unfinished, 
or  which,  though  expected  to  turn  out 
well  eventually,  are  as  yet  only  in  pro- 
cess of  construction,  and  have  not  been 
even  partially  brought  into  operation  ; 
while  half  a  million  more  has  been  ab- 
sorbed by  portions  hitherto  inoperative 
of  works,  other  portions  of  which  have 
been  for  some  time  in  operation.  There 
are  then  three  millions  and  a-half  which 
it  would  be  at  least  premature  to  admit 
into  calculations  designed  to  show  the 
remunerativeness  of  irrigational  expen- 
diture, and  part  of  which  can  never 
with  any  fairness  be  so  admitted  ;  and 
by  deduction  of  these  three  millions  and 
a-half,  and  of  £140,000  for  simple  inter- 
est on  three  millions,  the  total  of  expen- 
diture with  which  the  total  revenue  is  to 
be  contrasted  will  be  brought  down  to 
£13,570,000,  upon  which  £1,020,000  is 
equal  to  7.5  per  cent.,  the  corresponding 
provincial  percentages,  and  the  percent- 
ages of  certain  specified  works  being  as 
follows  : 

•  Percentage 

Corrected      of  reve- 

total  of        nue  on 

capital.        capital- 

North-  Western  Provinces .  £3, 565, 425     . .  £5.2 

Pnnjaub 3,134,702     ..     4.8 

Madras .'.    1,893,440     ..  22.72 

Bombay,  including  Sind..    2,222,788     ..  11.9 

Ganges  Canal 2,880,178     . .     4.5 

Eastern  Jumna  Canal ....       467,978     . .  11.2 

Western  Jumna  Canal 1,306,393     . .     7.6 

Godavery  Canals 683,705     . .  39. 7 

Kistnah  Canals 467,427     . .  13. 2 

Cauvery  Canals 293,578     . .  36.6 

Sind  Canals 1,186,000     . .  18.6 

Even  to  myself  these  are  unexpectedly 
favorable  results,  and  they  will  probably 
bly  take  most  other  people  by  surprise, 
but  they  will,  I  hope,  be  admitted  to 
have  been  honestly  reached.     But  this  is 


IRRIGATION   WORKS   IX   IXDIA. 


119 


not  all.  Pecuniary  investments  may  be 
remunerative,  not  only  by  causing  gain, 
but  also  by  preventing  loss  ;  and  irriga- 
tion is  often  remarkably  efficacious  in 
this  second  mode.  Wherever,  in  India, 
agriculture  is  entirely  dependent  on  the 
sky  for  its  supply  of  water,  any  very 
sensible  failure  of  the  periodical  rains  is 
inevitably  accompanied  by  a  correspond- 
ing failure  of  the  crops,  and  the  Govern- 
ment, besides  having  to  make  large  re- 
missions of  its  land  assessment,  has  to 
incur  a  large  and  often  immense  expen- 
diture in  order  to  prevent  the  necessarily 
defaulting  cultivators  from  dying  of 
starvation.  Scarcely  a  year  passes  with- 
out the  occurrence  of  drought  in  some 
district  or  other  of  the  far-stretching 
peninsula;  and  there  is  seldom  an  interval 
of  more  than  five  or  six  years  without 
drought  spreading  over  some  extensive 
region.  In  either  case,  if  means  of  ef- 
fective irrigation  have  been  provided  in 
any  part  of  the  area  affected,  their  value 
becomes  strikingly  apparent.  The  enor- 
mous outlay  consequent  on  the  famine 
of  1874  must  have  been  more  enormous 
still  but  for  the  Soane  Canal,  which  even 
in  its  then  imperfect  condition,  and  when 
the  entire  expenditure  upon  it  had  not 
risen  above  £800,000,  enabled  luxuriant 
harvests,  valued  at  £500,000,  to  come  to 
maturity  over  159,000  acres,  where  other- 
wise every  green  leaf  must  have  been 
parched  into  powder  ;  and  in  the  rain- 
less autumn  of  1860,  when  other  dis- 
tricts in  the  North- Western  Provinces 
were  baked  as  if  in  an  oven,  the  Ganges 
Canal  preserved  grain  crops  enough  for 
the  sustenance  of  more  than  a  million  of 
people,  who  must  otherwise  have  perish- 
ed, unless  kept  alive  at  the  expense  of 
the  Government,  which  had  already  fore- 
gone its  revenue  from  the  country  in- 
habited by  that  same  million.  If  the  in- 
direct savings  annually  effected  in  this 
way  were  added  to  direct  annual  earn- 
ings, the  result  would  be  a  total  that 
would  convince  the  most  sceptical  that, 
regarded  as  a  whole,  the  investment  of 
the  Anglo-Indian  Government  in  irriga- 
tion works,  has  hitherto  been  decidedly 
the  reverse  of  unprofitable. 

Here,  however,  it  behooves  us  to  be  on 
our  guard  against  the  deceptiveness  of 
general  conclusions.  What  practical  in- 
ference can  be  drawn  from  the  fact  that 
for  all  India  the  average  rate  of  profit 


on  irrigation  expenditure  is  7.5  per  cent., 
if  this  imperial  average  be  the  medium 
of  provincial  averages  ranging  down- 
wards from  twenty-two  per  cent,  to  less 
than  nothing,  and  if  of  some  separate 
works  the  percentage  is  nearly  forty  ? 
In  Sind,  where  rain  so  seldom  falls  that, 
without  artificially  conducted  water, 
there  would  be  at  best  but  browsing 
ground  for  camels,  the  canals  are  for 
the  most  part  shallow  trenches,  without 
headworks  of  any  kind,  from  fifteen  to 
twenty  feet  wide,  and  from  five  or  six  to 
sixty  or  seventy  miles  long  ;  but  what 
argument  can  the  financial  success  of 
these  afford  in  favor  of  devoting  from 
three  to  six  millions  to  the  construction 
of  a  vast  irrigational  apparatus  in  that 
garden  of  India,  Oudh,  which  suffers 
more  on  the  whole  from  excess  than  de- 
ficiency of  water,  and  where  droughts 
are  virtually  unknown?  or  why  should 
it  be  supposed  that,  because  a  system  of 
canals  led.  off  from  the  apex  of  the  delta 
of  a  mighty  river  like  the  Godavery  has 
answered  well,  that  therefore  it  would 
answer  equally  to  throw  a  bund  over  the 
Betwa  in  Bundelcund,  whose  bed  in  a 
severe  drought  might  quite  possibly  be 
left  almost  as  dry  as  the  land  on  either 
side.  The  only  useful  moral  is  one  which 
might  have  been  safely  assumed  before- 
hand without  inquiry  into  the  facts,  viz., 
that  there  are  irrigation  works  and  irri- 
gation works  ;  that  when  placed  in  well 
selected  situations,  skillfully  planned, 
and  economically  executed,  they  will 
pay  well,  but  that  if  placed  where  they 
are  not  wanted,  or  designed  upon  an  ex- 
travagant scale,  they  will  pay  badly  or 
not  at  all.  No  doubt,  India  offers  a  wide 
field  for  the  profitable  extension  of  irri- 
gation, provided  operations  be  carried 
on  with  adequate  circumspection  and 
forethought  ;  but,  no  doubt  either,  that, 
unless  due  note  be  taken  of  the  failures 
as  well  as  of  the  successes  of  the  past, 
failure  will  continue  to  preserve  the 
same  proportion  to  success  as  it  has 
hitherto  done. 

Passing  on  now  for  a  moment  to  a 
broader  view  of  the  general  subject,  we 
may  be  tempted  to  take  for  granted  that, 
in  so  far  as  the  extension  of  irrigation 
may  prove  remunerative  to  the  Govern- 
ment, it  must  needs  prove  at  least  equally 
beneficial  to  the  nation  at  large.  How 
can  it  be  otherwise,  if  its  effect  will  be 
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to  double,  treble,  perhaps  sextuple,  the 
productiveness  of  the  soil,  and  in  equal 
measure  to  augment  the  main  constituent 
of  national  wealth  ?  If  he  is  prover- 
bially a  benefactor  of  his  species  who 
causes  two  ears  of  corn  to  grow  where 
but  one  grew  before,  how  can  corres- 
ponding praise  be  denied  to  a  process 
that  causes  land  to  produce  sustenance 
sufficient  for  double  or  treble  its  previous 
population  ?  At  the  risk  of  being 
charged  with  paradox,  I  must  hint  a 
doubt  as  to  the  apparent  truism  to  which 
these  questions  point.  The  mere  quan- 
tity of  national  wealth  is  sometimes  of 
less  importance  than  its  distribution. 
Wherever,  as  in  a  portion  of  the  Da- 
moodah  Valley  described  by  Colonel 
Haig,  the  present  Chief  Engineer  in 
Lower  Bengal,  there  is  an  agrarian  pop- 
ulation of  little  less  than  a  thousand  to 
the  square  mile,  belonging  mainly  to  the 
ryot  class,  and  with,  on  an  average,  not 
more  than  a  pound  of  rice  per  head  per 
day  to  live  upon,  matters  would,  I 
imagine,  not  be  greatly  mended  by  ar- 
rangements which  caused  two  thousand 
per  mile  of  such  wretched  starvelings  to 
take  their  place,  even  though  at  the  same 
time  the  incomes  of  the  half-dozen  ze- 
mindars interspersed  amongst  them 
should  be  quadrupled  or  quintupled. 
This  latter  augmentation  of  the  possibil- 
ities of  human  happiness  would  not  go 
far  towards  counterbalancing  the  unequi- 
vocal multiplication  of  human  misery. 
Now  this,  or  something  like  this,  is  often 
the  principal  change  to  be  expected  from 
irrigation,  operating  by  itself,  and  unac- 
companied by  subsidiary  influences.  In 
the  greater  part  of  Northern,  in  great 
part  of  Central,  and  in  considerable  por- 
tions of  Southern  India,  the  bulk  of  the 
peasantry  are  a  cottier  tenantry,  who 
often  legally  and  almost  always  practi- 
cally, are  liable  to  have  their  rents  raised 
at  the  discretion  of  the  zemindars  or  of 
the  middlemen,  of  whom  they  hold.  As 
a  natural  consequence,  wherever  irriga- 
tion is  introduced,  rents  are  raised.  If 
any  general  inference  may  be  drawn  from 
Colonel  Haig's  observation  of  what  has 
already  taken  place  in  Orissa,  they  are 
almost  immediately  doubled,  trebled,  or 
quadrupled,  according  to  the  character 
of  the  soil.  The  Government  and  the 
zemindars  or  the  long  leaseholders,  be- 
tween whom  the   proprietorship  of   the 


land  is  permanently  or  temporarily  divid- 
ed, divide  also  the  profits  of  irrigation, 
while  the  ryots — the  immediate  occupants 
and  tillers  of  the  ground— share  only  infin- 
itessimally,  if  at  all.  Bearing  these  facts 
in  mind,  not  only  am  I  not  prepared  to 
admit  that  the  application  to  irrigation 
of  immense  sums  of  public  money  must 
necessarily  be  for  the  benefit  of  the  com- 
munity regarded  as  a  whole,  where  a 
large  majority  of  the  population  consists 
of  ryots — I  cannot,  also,  but  think  it  ex- 
ceedingly hard  that,  in  so  far  as  the 
money  is  raised  at  the  expense  of  the  ryots, 
it  should  be  devoted  to  works,  one  prin- 
cipal effect  of  which  is  to  subject  the 
ryots  to  increased  exactions.  I  cannot 
bring  myself  to  set  much  store  by  irriga- 
tion unless  it  be  accompanied  by  such 
modifications  of  the  present  system  of 
land  tenure,  as,  by  securing  to  the  actual 
cultivator  a  sufficiently  augmented  share 
in  the  fruits  of  his  industry,  may  be  cal- 
culated to  raise  his  standard  of  comfort, 
and  so  to  hold  out  a  prospect  of  a  lasting 
improvement"  in  his  material  condition. 
Here,  however,  I  am  adverting  to  a  sub- 
ject but  slightly  connected  with  the  one 
immediately  before  us,  and  which  I  will 
not  venture  to  pursue  further.  Indeed, 
all  that  I  should  have  liked  to  say  upon 
it,  if  opportunity  had  served,  has  been 
already  said  in  a  special  chapter  of  a 
recent  volume  of  mine  on  "  Indian  Pub- 
lic Works." 

One  other  point  demands  a  few  words 
of  notice  before  this  paper  is  brought  to 
a  close.  It  will,  I  trust,  have  been  ob- 
served, that  I  have  anxiously  endeavored 
to  do  the  best  with  my  materials,  deal- 
ing with  them  quite  impartially,  and 
neither  aught  extenuating  nor  aught  set- 
ting down  in  malice.  Yet  I  cannot  but 
feel  that  the  conclusions  arrived  at  are, 
after  all,  but  dubious  approximations  to 
the  truth,  and  I  am  bound  to  confess 
that  I  have  been  compelled  to  resort 
largely  to  conjecture,  in  order  to  fill  up 
gaps  in  the  statistical  records.  These, 
consisting  of  Finance  and  Reports  of 
Public  Works,  Administration  Reports, 
Irrigation  Revenue  Reports,  Board  of 
Revenue  Reports,  Forecasts  of  Expendi- 
ture, Government  Resolutions,  and  Mis- 
cellaneous Minutes  and  Memoranda,  are 
voluminous  enough  in  all  conscience,  but 
that  is  about  the  highest  praise  that  can 
fairly  be  claimed  for  them.     No  one  that 
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I  know  of  has  them  more  completely  at 
his  fingers'  ends  than  my  friend,  Mr. 
Frederick  Danvers,  to  whom  I  am  exceed- 
ingly indebted  for  his  valuable  aid  in 
analysing  their  contents,  and  he,  I  am 
sure,  will  bear  me  out  in  saying  that,  if 
their  object  had  been  the  mystification 
instead  of  the  enlightenment  of  the 
reader,  they  could  scarcely  have  been 
more  cleverly  contrived  for  that  sinister 
purpose.  Their  internal  arrangement 
has  indeed  been  carefully — even  pain- 
fully— elaborated  ;  exhibiting  a  straining 
after  almost  metaphysical  refinements. 
The  figures  are  distributed  into  divisions 
and  sub-divisions,  classes  and  sub -classes, 
heads,  sub-heads,  and  sub-sub-heads,  but 
when  we  proceed  to  inquire  what  are  the 
subjects  of  this  beautiful  capitular  grad- 
uation, we  are  sadly  tantalized  at  finding- 
how  little  solid  grain  can  be  extracted 
from  the  imposing  array  of  fair-seeming 
husks.  Scarcely  any  two  documents 
have  been  drawn  up  on  the  same  plan, 
and  even  in  one  and  the  same  document 
there  are  sometimes  discrepancies  not 
easily  reconcilable.  Thus,  according 
to  one  set  of  accounts  the  total  of  irriga- 
tion revenue  for  all  India  is  £1,020,000, 
whereof  Madras  is  credited  with  £430,- 
000.  In  a  separate  table,  purporting  to 
exhibit  the  entire  irrigation  revenue 
brought  to  account  in  the  Public  Works 
Department,  the  total  is  reduced  to 
£475,000,  towards  which  Madras  con- 
tributes something  less  than  £7,000,  the 
column  for  water-rates  being  left  blank 
in  the  place  opposite  Madras.  Yet  in  a 
third  document  £220,000  of  water-rates 
are  assigned  to  'Madras,  while  a  fourth 
informs  us  that  in  Madras  water-rates 
are,  as  a  rule,  not  collected  at  all.  .  Again, 
the  irrigation  revenue  of  the  Bombay 
territories  for  1873-4,  is  in  one  set  of 
papers  stated  at  £260,000,  and  in  another 
at  £100,000  more,  and  it  is  only  by  re- 
ferring to  entirely  separate  documentary 
evidence,  that  we  find  that,  whereas  the 
smaller  sum  represents  net  revenue,  the 
larger  represents  gross  receipts  previ- 
ously to  the  deduction  of  working  and 
maintenance  expenses. 

Plainly  these  things  ought  not  so  to 
be,  and  it  is  but  fair  to  mention  that  the 
Indian  Government  does  not  intend  that 
they  shall  so  remain  ;  though  I  must 
take  the  liberty  of  questioning  whether 
it  is  going  the  best  way  to  work  to  set 


them  to  rights.  What  has  hitherto 
most  attracted  attention  is  the  defective- 
ness of  the  revenue  accounts  ;  and  in 
these,  no  doubt,  there  is  much  room  for 
amendment.  However  impossible  it  may 
be  to  discover  any  principle,  whereby 
the  proportion  of  land  reveuue  due  to 
irrigation  can  be  determined  with  perfect 
accuracy,  and  however  indispensable, 
consequently,  to  select  some  mode  more 
or  less  arbitrary,  one  and  the  same  mode 
ought  at  all  events  to  be  adopted 
throughout  India.  There  should  not  be 
one  measure  of  apportionment  for  Ben- 
gal, the  North- West,  and  the  Punjaub, 
another  for  Madras,  and  yet  another  for 
Bombay.  The  selfsame  items,  too, 
should  everywhere  be  deducted  from 
gross  receipts  in  order  to  produce  a  net 
residuum. 

But  the  craving  for  uniformity  and 
symmetry  prevailing  just  now  in  the 
Accounts  Branch  of  the  Public  Works 
Department,  is  not  to  be  appeased  by 
such  concessions,  and  an  edict  has  gone 
forth  that  the  form  in  which  Public 
Works  books  are  kept  in  Bengal  and  its 
sister  provinces,  shall  in  future  be  taken 
as  a  pattern  in  the  rest  of  India.  Now 
in  the  Bengal  books,  actually  realized 
water-rates  figure  largely  among  the  re- 
ceipts, whereas  in  the  Madras  and  Bom- 
bay Presidencies  water-rates  are  at  most 
levied  only  exceptionally,  and  there  is 
strong  reason  for  doubting  whether  they 
are  levied  at  all.  The  descriptions  given 
of  the  existing  practice  are  provokingly 
ambiguous,  but  as  far  as  can  be  made 
out,  what  really  takes  place  is  this.  The 
whole  of  the  ryot's  dues,  in  respect  of 
irrigated  as  of  unirrigated  land,  is  paid 
by  him  in  a  lump  sum  under  the  name 
of  land  assessment  ;  but  in  some  districts 
the  total  amount  paid  is  subsequently 
divided  by  the  revenue  officers  into 
water-tax  and  land-tax,  and  entered  in 
their  books  accordingly.  But  whether 
water-rates  have  any  real  existence  or 
not,  it  has  been  ordained  that  they  shall 
henceforth  appear  in  the  Madras  and 
Bombay  books,  just  as  they  do  in  those 
of  Bengal,  and  there  are  two  ways  in 
which  the  order  may  be  complied  with. 
Either  the  farce  of  entering  under  one 
name  what  has  been  received  under 
another,  may  be  enforced  universally,  or 
two  distinct  demands  instead  of  one  may 
really  be  made  upon  the  ryot,  whom,  how- 
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ever,  it  may  then  be  difficult  to  persuade 
that  his  aggregate  taxation  has  not  been 
added  to,  instead  of  being  simply  di- 
vided. In  either  case,  much  additional 
trouble  must  be  taken,  much  time  wasted, 
and  much  additional  expense  incurred, 
and,  in  one  of  the  cases,  a  very  mischie- 
vous impression  produced  into  the  bar- 
gain. 

And  all  for  what  purpose  ?  The  real 
desideratum  is  to  ascertain  the  total 
net  return  yielded  by  irrigation,  but 
nothing  will  be  gained  by  decomposing 
the  total,  and  assigning  separate  names 
to  its  several  component  parts.  If  so 
much  more  be  styled  water-rate,  so  much 
less  must  be  styled  land-tax  ;  in  all  else 
things  will  remain  as  they  were.  But 
with  a  tithe  of  the  time  and  trouble  re- 
quisite for  this  unnecessary  change,  some 
substantial  improvements  might  be  ef- 
fected in  the  expenditure  side  of  the 
accounts. 

Mr.  Danvers  and-  I  have  endeavoured 


to  correct  the  official  estimate  of  capital 
outlay  by  computing,  as  well  as  we 
could  with  the  data  in  our  possession,  how 
much  should  be  added  for  original  cost 
of  ancient  works,  for  interest  during  con- 
struction, for  compensation  for  land  oc- 
cupied, and  for  capitalisation  of  land 
revenue  lost,  and  also  how  much  should 
be  deducted  on  account  of  expeditnre 
which  it  would  have  been  unfair  or  pre- 
mature to  include  in  our  calculations  ; 
but  what  we,  here  in  England,  could  do 
only  with  doubt  and  hesitation,  might 
be  done  in  India  with  comparative  con- 
fidence. Where  we  have  to  often  been 
obliged  to  guess,  inquirers  on  the  spot, 
with  local  experience,  technical  knowl- 
edge, and  free  access  to  details,  might 
decide  authoritatively,  and  produce  in 
consequence  an  irrigational  balance-sheet 
little  in  need  of  the  apologies  for  possi- 
ble, or  rather  inevitable  inaccuracies 
with  which  the  present  paper  must  nec- 
essarily conclude. 


THE  BLACK  SEA  AND  THE  CASPIAN. 

From  "Engineering." 


The  following  paper  by  Mr.  Henry  C. 
Spalding,  an  American  engineer  who  has 
lately  been  visiting  Europe,  will  be  read 
with  much  interest.  Mr.  Spalding  has 
been  good  enough  to  promise  us  further 
details  of  his  plans,  and  these  details  we 
hope  before  long  to  lay  before  our  read- 
ers, when  we  shall  have  something  to  say 
on  the  general  bearings  of  this  grand  and 
highly  interesting  scheme.  Meanwhile 
we  may  state  that  the  paper  we  subjoin 
is  now  in  course  of  translation  and  publi- 
cation into  the  Russian  language  by 
Colonel  Muller,  of  the  Russian  War 
Minister's  staff,  and  it  has  been  submit- 
ted to  his  Excellency  Peter  Semenoff, 
President  of  the  Imperial  Geographical 
and  Statistical  Commission. 

"  In  the  southern  portion  of  the  Rus- 
sian Empire,  along  the  border  lands 
which  separate  Europe  from  Asia,  there 
is  situated  a  great  basin,  depressed  below 
the  level  of  the  ocean.  This  basin  re- 
ceives into  the  sea  which  occupies  its 
lowermost  parts,  besides  smaller  tribu- 
taries,  the   two   great  rivers   Ural   and 


Volga,  which  drain  a  very  large  propor- 
tion of  the  central  regions  of  the  empire. 
"These  tributaries  having  for  a  very 
great  length  of  time,  by  the  processes  of 
detrition  and  alluvion,  deposited  the  soil 
of  the  extensive  districts  drained  by 
them  in  this  sea,  its  dimensions  have  be- 
come contracted,  and  the  bottom  of  the 
remaining  portions  elevated,  until  very 
large  areas  are  becoming  unnavigable, 
and  until,  by  reason  of  the  diminution  of 
the  water  spaces  available  for  evapora- 
tion, the  surrounding  regions  are  becom- 
ing sterile  wastes,  and  the  commerce 
which  should  enliven  both  sea  and  land, 
diminishes,  notwithstanding  the  approach 
of  civilization.  These  processes,  slowly 
but  surely  and  steadily  advancing  on- 
wards, will  in  time  convert  this  sea  into 
a  great  marsh,  and  lands  still  productive 
into  barren  and  desert  regions.  The  re- 
sults of  the  gradual  shoaling  of  this  sea, 
and  of  the  contraction  of  the  area  of  its 
waters,  so  far  as  navigation  is  concerned, 
are  easily  foreseen.  But  of  the  climatic 
change  and  its  results— ^the  more  impor- 
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tant  subject — less  is  generally  known 
and  appreciated.  Therefore  a  few  words 
upon  that  topic  may  be  pardoned. 

"  It  is  well  known  that  vegetation  de- 
pends for  nourishment  and  sustenance, 
first  upon  the  air,  and  secondly  upon 
moisture.  The  air  supplies  the  carbon  to 
the  growing  plant  through  its  foliage, 
and  it  is  carbon  which,  by  its  combustion, 
produces  heat,  whether  in  the  fire  or  in 
the  animal  economy.  But  without 
moisture  the  carbon  of  the  atmosphere 
could  not  be  received  into  the  leaves,  nor 
could  it  be  distributed  from  them  through 
the  branches  or  stem.  Without  moisture 
the  salts  and  the  silex  of  the  earth, 
necessary  to  give  strength  to  the  plant, 
could  not  be  dissolved  and  supplied  to 
the  roots,  nor  could  they  be  received  by 
the  roots  and  distributed  throughout  the 
plant  without  the  aid  of  moisture. 
Therefore,  as  the  value  of  any  region  for 
the  habitation  and  support  of  man  or 
beast  is  dependent  upon  water,  the  effect 
of  diminishing  the  water  area  of  the  in- 
terior of  great  continents  is  to  bring 
about  barrenness  and  depopulation  in 
proportion  to  the  extent  of  this  diminu- 
tion, just  as  surely  as  the  absence  of  the 
sun  brings  about  darkness.  The  first 
effect  of  the  shrinkage  or  contraction  of 
the  area  of  the  Caspian  Sea  was  to  di- 
minish the  fertility  of  the  districts  im- 
mediately adjoining  it,  except  to  the 
westward,  but  a  secondary  result  was 
that  as  their  water  supply  diminished 
the  evil  spread  and  increased,  because 
evaporation  proceeds  upon  land  also 
when  there  is  any  appreciable  supply  of 
moisture  ;  so  that  by.  the  loss  of  the 
equilibrium  between  demand  and  supply 
this  evil  influence  has  already,  by  its  re- 
flex action,  distributed  itself  over  a  great 
region  in  Asia  as  well  as  over  a  lesser  area 
in  Europe,  while  there  is  a  prospect  of  a 
further  and  steady  increase  of  its  effects. 

"  These  influences,  both  direct  and  re- 
flex, have  also  been  exerted  in  the  cases 
of  Lake  Balkash  and  the  Aral  Sea  ;  di- 
rect in  the  matter  of  detrition  and  allu- 
vion caused  by  their  own  river  systems, 
reflex  in  the  hastening  of  their  shallow- 
ing and  loss  of  evaporation  area,  because 
of  the  shrunken  proportions  of  the  Cas- 
pian. 

"  Therefore,  through  the  operation  of 
these  natural   laws  a  great  desert  is  in 


process  of  formation  in  the  midst  of  the 
Russian  Empire. 

"  The  questions  how  this  disaster  may 
be  averted  for  some  thousands  of  years, 
and  how,  by  a  counteraction,  and,  to 
some  extent,  a  reversal  of  these  process- 
es*, great  advantages,  commercial,  indus- 
trial, political,  and  social,  may  be  secured 
to  this  region  and  to  the  empire,  will 
form  the  subject  of  this  paper. 

The  process  of  deterioration  already 
described  was  probably  the  occasion 
which  drove  forth  the  vast  multitudes  in 
ancient  times  from  the  then  unknown 
East  to  Europe,  whose  migrations,  bat- 
tles, and  conquests  are  mentioned  by  the 
Greek  and  Roman  historians  of  the 
period.  The  regions  of  their  birth  being 
no  longer  able  to  support  them,  these 
people  were  forced  to  seek  others  more 
inviting  ;  and  thus  by  long  journeyings 
and  through  many  wars,  they  occupied 
the  whole  of  Europe,  which,  with  its 
more  fertile  soil  and  less  warlike  popula- 
tion, invited  both  conquest  and  occupa- 
tion. 

"  When  we  look  at  the  geographical 
situation  in  the  light  of  ancient  history 
we  see  that  it  is  almost  impossible  that 
any  other  region  than  the  one  under  con- 
sideration could  have  furnished  conquer- 
ors and  colonisers  to  Europe  within  such 
a  limited  time,  because  upon  no  lesser 
portion  of  Asia  could  such  a  great  number 
of  people  have  subsisted.  This  is  evident 
when  we  consider  that  nearly  all  the 
region  to  the  south  of  the  Aral  and  the 
Caspian  was  known  to  the  ancients,  to 
such  an  extent,  at  least,  that  the  people 
could  be  identified  and  the  places  whence 
they  came  located,  and  their  line  of  mi- 
gration thence  would  naturally  have 
been  into  Asia  Minor,  and  not  to  the 
north  of  the  Black  Sea.  Some  of  them 
may  have  come  from  the  far  north  in  Si- 
beria, but  of  the  large  number  of  great 
tribes  whose  descendants  now  inhabit 
Europe  by  far  the  larger  part  must  have 
come  from  the  regions  in  the  vicinity  of 
the  Aral  and  Caspian  Seas.  The  Russian 
Empire  may,  therefore,  justly  claim  to 
have  been  the  birthplace  of  all  the  na- 
tions of  Europe.  The  reversal  of  the 
processes  of  deterioration  and  depopula- 
tion, and  the  renewal  of  the  favorable 
conditions  under  which  those  regions  be- 
came the  cradle  of  the  human  race,  are 
matters  of  much  importance  from  every 
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point  of  view,  and  supply  themes  well 
worthy  of  discussion. 

"  While  there  may  be  imperfections 
detected  in  this  paper  in  the  estimates 
based  upon  rough  calculations,  the  points 
presented  and  theories  advanced  will 
probably  be  found  stated  with  sufficient 
precision  for  the  purposes  of  a  general 
review  of  the  subject. 

"In  considering  the  sources  whence 
the  requisite  supply  of  water  may  be 
drawn  for  this  purpose,  we  are  brought 
to  two  conclusions — first,  that  the  supply 
should  be  ample  and  unfailing  ;  second- 
ly, that  the  works  by  which  this  supply 
is  secured  should  be  fully  equal  to  any 
demand  for  maritime  purposes.  These 
requisites  are  only  to  be  found  in  the  di- 
rection of  the  Black  Sea.  This  sea,  by 
means  of  its  connection  with  the  Medi- 
terranean, can  furnish  both*  the  water 
supply  and  the  maritime  facilities  for 
commercial  and  naval  communication 
with  all  the  world.  By  means  of  a  cut- 
ting, about  250  versts  in  length,  across 
the  ridge  dividing  the  two  seas,  con- 
necting them  upon  one  level,  these  re- 
sults can  be  obtained  with  certainty. 

"  This  cutting  should  be,  when  com- 
pleted, an  artificial  strait,  deep  enough 
for  ships  of  any  draught,  and  wide 
enough  for  ships  of  any  width  to  pass 
each  other.  Here,  of  course,  the  usual 
objection  arises  that  the  cost  of  such  a 
work  would  be  so  great  that  it  can  never 
be  executed,  nor  made  profitable  when 
completed.  Neither  of  these  objections 
is  tenable,  if  the  best  method  of  accom- 
plishing the  work  is  employed,  and  if  the 
questions  of  loss  or  gain  are  fully  con- 
sidered. 

"  The  way  to  construct  such  a  work 
presents  itself  first  in  order,  and  it  will 
be  shown  that  this  is  easier  than  has 
hitherto  been  supposed. 

"  Beginning  in  the  basin  of  the  Caspian 
Sea,  at  a  point  fifteen  meters  below  the 
level  of  the  Black  Sea,  a  level  cutting 
150  meters  wide  should  be  made  west- 
ward, to  such  a  distance  that  at  its 
western  extremity  it  would  reach  a  depth 
of  ten  meters.  The  surface  of  the  earth 
at  that  point  would  be  five  meters  below 
the  level  of  the  Black  Sea.  Here  this 
broad  and  deep  cutting  should  be  dis- 
continued, and  a  narrower  and  shallower 
cutting  should  begin,  which,  with  certain 
exceptions,  should  be  carried  all  the  way 


across.  The  broad  and  deep  excavation 
would  be  short,  and  the  expense  of  it  in- 
considerable ;  yet,  by  its  formation,  it 
would,  in  the  end,  govern  the  character 
of  the  whole  work. 

"  If,4  between  this  and  the  waters  of 
the  Black  Sea,  a  cutting  only  five  meters 
below  the  sea  level  at  one  end  and  three 
at  the  other,  fifty  meters  in  width,  were  to 
be  made  ihe  water  would  flow  through 
it  at  a  speed  of  about  twelve  kilometers 
per  hour,  and,  upon  reaching  the  end, 
would  be  precipitated  down  a  fall  of  ten 
meters  in  height  into  a  basin  thrice  as 
broad  as  the  channel  whence  they  fell, 
and  from  which  an  easy  exit  could  be 
made  into  the  Caspian  Sea.  The  effect 
of  this  outfall  into  earth  of  ordinary  con- 
sistency would  be  to  give  it  a  tremend- 
ous excavating  power.  The  force  of  the 
water,  acquired  by  this  plunge,  would 
be  exerted  in  excavation  in  four  direc- 
tions— first,  in  deepening  the  waterway 
at  the  foot  ofhthe  fall ;  secondly,  in  cut- 
ting away  the  earth  around  .the  three 
sides'  of  the  basin  ;  while  the  fact  of  its 
nearness  to  a  still  greater  outfall  would 
give  it  such  rapidity  of  current  in  the 
lower  channel  that  for  a  long  time  it 
would  carry  with  it  into  the  sea  all  the 
materials  thus  excavated. 

"  It  will  be  perceived  that  the  element 
of  reduction  of  cost  of  the  work  is  found 
in  the  utilization  of  water  for  the  pur- 
poses of  excavation.  This  powerful  exca- 
vator is  known  to  be  able  to  perform  its 
work  with  great  rapidity  and  little  ex- 
pense, and  it  may  safely  be  trusted  to 
excavate  a  large  channel  through  all 
loose  or  soft  earths,  from  the  Black  Sea 
to  the  Caspian,  not  less  than  fifteen 
meters  deep  nor  less  than  150  meters 
wide.  In  order,  however,  that  these  di- 
mensions should  be  obtained,  it  will  be 
necessary  to  cut  through  all  ledges  of 
rocks  or  strata  of  indurated  earth  to  the 
full  depth  and  width.  These  can  be  lo- 
cated by  boring,  and  examined  by  pits, 
after  which  they  may  be  removed  by  the 
usual  processes  of  excavation  before  the 
water  is  let  in  to  perform  its  work. 

"  The  movement  of  the  water  through 
a  channel  of  three  meters  by  fifty  meters, 
at  a  rate  of  twelve  kilometers  per  hour, 
would  fill  a  space  in  a  year  equal  to  522 
square  kilometers  from  the  levelof  the  Cas- 
pian to  that  of  the  Black  Sea.  This  would 
fill  the  present  area  of  the  Caspian  to  the 


THE   BLACK   SEA   AND    THE   CASPIAN. 


125 


level  of  the  Black  Sea  in  about  700  years  ; 
but,  as  it  would  be  enlarged  by  the  pro- 
cess from  about  493,000  square  kilome- 
ters to  about  700,000  square  kilometers, 
the  filling  would  go  on  very  slowly  until 
the  channel  of  the  new  strait  should 
have  become  enlarged  to  its  full  dimen- 
sions. This  enlargement  would  proceed 
at  the  rate  of  about  one  verst  per  week, 
and,  as  the  entire  distance  to  be  enlarged 
would  probably  not  exceed  300  versts,  it 
would  be  completed  in  about  six  years, 
after  which  the  filling  would  proceed  with 
a  current  of  about  twenty  kilometers  per 
hour,  so  that,  at  the  end  of  forty  years 
from  the  beginning  of  the  work,  the 
levels  of  the  two  seas  would  be  so  nearly 
uniform  that  navigation  of  the  new  chan- 
nel could  begin.  This  time  could  be 
shortened  to  about  twenty-five  years,  if, 
upon  the  completion  of  the  work  already 
described,  a  sufficient  quantity  of  the 
plant  employed  in  that  operation  were  to 
be  used  in  repeating  it,  by  connecting 
the  rivers  Don  and  Volga.  The  work 
there,  being  shorter,  would  be  completed 
with  great  rapidity,  and  a  cutting  suffi- 
cient to  let  the  waters  of  the  Don  flow 
through  in  the  manner  already  described 
could  be  excavated  and  enlarged  by  the 
water  at  about  the  same  time  as  that 
from  the  Black  Sea. 

. "  The  cut  from  the  Don  could  be 
cheapened  and  expedited  by  the  con- 
struction of  a  dam  just  below  the  cut, 
which  would  temporarily  set  its  waters 
at  a  higher  level.  In  this  way  the  exca- 
vation of  a  less  amount  of  earth  by  steam 
would  be  necessary,  and  the  increased 
fall  of  water  would  enlarge  this  channel 
to  dimensions  as  great  as  the  other.  As 
soon  as  the  waters  of  the  Don  had  cut  a 
passage  to  the  Volga  sufficiently  below 
its  natural  bed,  the  dam  could  be  re- 
moved, when,  if  the  old  bed  of  the  river 
between  this  point  and  the  Sea  of  Azof 
were  low  enough  to  allow  it,  the  waters 
of  this  sea  would  swell  the  volume  dis- 
charging into  the  Caspian  by  the  simple 
process  of  reversing  the  current  of  the 
river  between  those  points.  A  similar 
work  was  performed  in  America  by  cut- 
ting through  the  ridge  of  limestone  which 
separated  the  waters  of  the  Chicago 
River  from  those  of  the  Illinois  River. 
The  result  was  that  the  current  of  the 
Chicago  was  reversed,  and  it  now  dis- 
charges its  waters,  as  well  as  those  of 


Lake  Michigan,  into  the  Illinois,  and 
through  that,  via  the  Mississippi  River, 
into  the  Gulf  of  Mexico,  instead  of  the 
Gulf  of  St.  Lawrence.  If  it  were  possi- 
ble thus  temporarily  to  reverse  the  cur- 
rent of  the  Don,  the  effect  would  proba- 
bly be  to  deepen  its  channel  and  render 
it  navigable  for  large  steamships.  The 
temporary  inconvenience  caused  by  such 
an  operation  would  then  be  repaid  by 
increasing  the  usefulness  of  that  river, 
and  by  making  it  also  a  part  of  the  new 
field  of  commercial  and  industrial  opera- 
tions. The  labor  of  cutting  these  two 
water  ways  should  be  performed  by 
steam,  and  the  plant  used  for  the  first 
could  afterwards  be  employed  upon  the 
second.  With  a  sufficient  equipment, 
the  entire  work  upon  both  should  be 
completed  in  six  years.  The  expense 
upon  the  above  plan  for  making  the  ex- 
cavations necessary  for  replenishing 
these  great  interior  basins  would  not  ex- 
ceed one-third  of  the  cost  which  would 
be  incurred  in  constructing  these  works 
by  the  usual  method,  so  that  the  outlay 
would  be  brought  within  reasonable 
limits.  The  material  excavated  near  the 
Black  Sea  should  be  deposited  in  the  sea 
in  embankments.  Each  of  these  lines  of 
embankment  should  extend  into  deep 
water,  where  they  should  converge  until 
the  opening  between  them  would  be  500 
meters.  As  material  would  be  abund- 
ant, the  embankments  may  be  broad, 
thus  insuring  permanence,  and  the  in- 
terior space  would  form  a  safe  and  capa- 
cious harbor. 

"At  the  Caspian  end  these  embank- 
ments should  also  be  formed,  but  they 
should  be  placed  in  such  a  position  that 
the  earth  washed  out  from  the  excavation 
should  not  enter  the  enclosed  space. 
This  would  necessitate  placing  this  har- 
bor upon  one  side  of  the  canal  and  the 
entire  separation  of  it  until  the  channel 
became  navigable,  after  which  the  water 
could  be  made  to  flow  through  it,  and 
the  opening  of  the  new  strait  into  the 
sea  could  be  closed. 

"  In  the  construction  of  the  interior 
harbor  it  might  be  lined  with  quays. 
The  facilities  for  doing  this  would  'be 
very  considerable,  because  there  would 
be  no  water  in  it  until  it  was  filled  from 
the  Black  Sea ;  therefore  the  expense 
would  be  much  less  than  that  which  at- 
tends the  construction  of  quays  under 
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the  usual  circumstances.  This  harbor 
should  be  the  commercial  seaport  of  the 
whole  of  the  interior  basins,  and  round 
it  would  grow  up  a  large  city. 

"  It  may  be  objected  to  this  plan  that 
the  alluvion  deposited  in  the  Caspian 
would  tend  towards  filling  it  with  solid 
matter,  and  so  accelerate  the  progress  of 
the  evil  influence  of  its  natural  tributa- 
ries. This  objection,  though  well  found- 
ed, is  trival.  The  amount  of  solid  sub- 
stances brought  in  during  the  period  of 
filling-  would  be  less  than  that  deposited 
by  the  rivers  during  the  same  period. 
Therefore  its  effect  upon  so  great  a 
body  of  water  would  not  be  perceptible 
unless  it  were  carefully  looked  for  ;  and 
as  the  economy  of  the  process  is  so  great 
we  can  well  afford  to  shorten  a  little  the 
interval  of  thousands  of  years  which 
must  elapse  before  its  dimensions  will 
again  be  reduced  to  their  present  area. 

"  The  surplus  material  removed  after 
the  formation  of  the  harbors  should  be 
formed  into  a  series  of  great  fortifica- 
tions. The  country  on  either  side  of 
this  channel  could  thus  be  made  impreg- 
nable to  attack  upon  land,  and  the  strait 
itself  would  be  more  strongly  fortified 
than  any  water  passage  in  the  world. 
As  this  great  basin  would  be  rendered 
secure  from  hostile  approach  by  sea,  it 
would  be  the  best  place  in  the  whole 
world  to  establish  dockyards,  armories, 
and  arsenals  for  building  and  repairing 
ships,  and  preparing  and  storing  arms 
and  ammunition. 

"  This  new  Mediterranean  would  be 
navigable  for  large  ships  from  the  bord- 
ers of  Persia  to  about  the  fiftieth  parallel 
of  north  latitude  along  the  estuaries 
formed  by  the  Ural  and  the  Volga,  and 
it  would  be  navigable  for  'smaller  sea- 
going ships  to  Orenburg,  on  the  Ural, 
and  a  point  still  further  north  in  the 
Volga.  The  access  thus  given  to  the 
forests  of  Eastern  Russia  and  of  Siberia 
would  soon  show  its  results  in  the  estab- 
lishment of  shipbuilding  there  upon  a 
large  scale.  The  ability  to  furnish  cheap 
transportation  for  the  coal  of  Southern 
Russia  to  the  Ural  and  the  Volga, 
where  it  would  meet  the  iron  ores  of  the 
Ural  Mountains,  would  lead  to  the 
establishment  at  these  heads  of  naviga- 
tion of  great  industries  in  the  production 
and  manufacture  of  iron,  while  the  facili- 
ty afforded  by  the  returning  colliers  for 


shipping  these  ores  to  the  Black  Sea 
ports  would  soon  show  results  in  the  es- 
tablishment of  kindred  industries  there 
also.  By  the  construction  of  lines  of 
railway  from  the  central  portions  of 
Western  Siberia  to  Orenburg,  the  ship- 
ment of  grain  and  other  heavy  agricul- 
tural productions  of  that  region  would 
greatly  increase,  because  these  require 
the  cheaper  water  transportation  to  stim- 
ulate increased  production.  By  railways 
from  Turkestan  and  Western  China  to 
the  river  Emba,  a  port  in  the  valley  of 
that  now  useless  stream  would  soon  come 
into  existence,  where  the  wool,  cotton, 
tea,  and  other  productions  of  those  coun- 
tries would  be  exchanged  with  the  Medi- 
terranean for  the  fruits,  wines,  and 
manufactures  of  that  region.  The  pro- 
ductions of  Persia  and  her  imports  also 
would  be  sent  to  the  harbor  formed  by 
the  Atreck  river,  instead  of  going  to  the 
Indian  Ocean  and  the  Persian  Gulf. 
And  thus  this  new  Mediterranean  would 
rival  in  importance  the  well-known  sea 
of  ancient  and  modern  times.  So  far  as 
Russia  is  concerned,  she  could  realize,  on 
this  new  navigation,  the  boast  of  the 
French  regarding  the  older  one,  who 
said  they  would  made  the  Mediterranean 
a  French  lake.  The  new  Mediterranean 
could  be  made  a  Russian  lake.  By  the 
adoption  of  a  similar  rule  to  that  applied 
by  the  United  States,  all  foreign  vessels 
would  be  excluded  from  these  waters. 
The  result  would  be  that  among  the 
fishermen  and  nomads  of  those  districts 
would  grow  up  a  race  of  sailors  to  navi- 
gate the  great  commercial  fleets  which 
would  soon  exist  there  ;  and,  besides 
this,  it  would  be  the  training^  school  for 
sailors  for  a  navy. 

"The  addition  of  nearly  one-half  to 
the  present  area  of  the  Caspian  would  at 
once  increase  the  rainfall  of  those  dis- 
tricts in  the  same  proportion,  and  the  re- 
sult of  evaporation  upon  land  would 
soon  enlarge  the  extent  and  increase  the 
quantity  of  rainfall  by  the  reversal  of 
the  process  already  described.  As  this 
continued,  one  of  the  first  effects  would 
be  to  dissolve  and  wash  out  the  salts  of 
the  steppes,  which  would  promote  their 
fertility  and  soon  render  them  valuable 
for  pasturage.  A  little  more  remote, 
but  none  the  less  important,  would  be 
the  effect  of  increased  rainfall  upon  the 
slopes  drained   into   the   Aral   Sea   and 
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Lake  Balkash.  By  this  indirect  process 
of  supply,  the  beneficial  influences  of  the 
new  strait  would  soon  begin  to  exert 
themselves — first,  in  promoting  fertility 
and  preventing  barrenness  ;  secondly,  in 
mitigating  the  se verity  of  the  winters 
over  a  very  great  region,  and  in  prevent- 
ing great  changes  of  temperature  in  the 
vicinity  of  these  bodies  of  water  ;  third- 
ly, in  so  deepening  and  enlarging  the 
water  areas  of  these  shrunken  and 
shrinking  lakes  as  to  give  better  and 
larger  opportunities  for  navigation,  so 
that  these  vast  regions,  now  relasping 
into  desert  wastes,  would  be  restored  to 
what  was  probable  their  primeval  condi- 
tion, as  the  abodes  of  countless  millions 
of  men  and  beasts  and  the  habitations  of 
plenty  and  prosperity. 

"To  realize  that  this  is  not  a  mere 
high  flight  of  imagination,  it  is  only 
necessary  to  contrast  this  region  and  its 
great  empty  reservoirs  with  that  of  the 
coresponding  latitudes  in  the  heart  of 
the  American  Continent.  With  about 
equal  reservoir  capacity,  the  region  sur- 
rounding the  great  lakes  is  one  of  the 
most  genial  and  fertile  on  the  globe. 
Were  its  reservoirs  as  empty  as  these  in 


Asia  it  would  be  equally  as  barren  and 
unproductive.  These  great  reservoir 
spaces  present  many  other  analogies  to 
those  of  the  American  Continent,  both 
in  respect  to  area  and  to  the  facilities 
for  extensive  commercial  operations,  and 
their  filling  would  in  time  bring  about 
results  equally  important  in  the  popula- 
tion and  the  wealth  of  the  surrounding 
districts  as  those  which  have  been  com- 
passed in  America  in  a  very  limited 
period  by  the  contact  of  civilization  with 
the  shores  of  the  great  lakes. 

"  Such  a  great  triumph  of  a  nation 
over  Nature  would  be  by  far  the  greatest 
conquest  in  the  annals  of  human  material 
progress,  and  the  monarch  who  should 
achieve  it  would  live  in  the  memory  of 
mankind  longer  than  any  other  recorded 
in  history.  And,  although  the  fruits  of 
success  might  not  be  enjoyed  by  the 
present  generation,  the  great  empire 
which  should  reap  and  inherit  the  accu- 
mulated result  will  be  the  more  power- 
ful and  healthy  through  it  and  the  more 
firmly  established  and  knit  together  by 
it  than  it  could  be  by  any  other  means, 
and  of  that  empire  it  would  be  the  most 
crowning  glory  and  achievement." 
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From  "The 

It  is  probable  that  the  iron  trade  of 
Great  Brit; tin  was  never  before  in  so  de- 
plorable a  condition  as  at  present.  It  is  true 
that  prices  have  ruled  a  little  lower  than 
they  do  at  this  moment,  and  that. orders 
were  fewer  and  smaller  ;  but  the  amount 
of  depreciation  which  a  trade  undergoes 
cannot  be  measured  by  prices  or  orders 
alone.  A  paucity  of  orders  and  minimum 
prices  may  be  matters  of  little  moment 
if  the  capital  and  plant  which  are  render- 
ed inoperative  are  small  and  cheap.  The 
present  position  of  our  iron  trade  cannot 
be  viewed  without  apprehension,  simply 
because  the  capital  invested  in  iron  and 
coal  mines,  blast  furnaces,  and  rolling 
mill  machinery  is  enormous.  The  failure 
of  the  iron  trade  of  this  country  is  a 
national  calamity.  It  is  not  an  affair  of 
a  few  hundreds  of  thousands  of  pounds, 
for  the  questions  involved  affect  nearly 


Engineer." 

every  member  of  the  community.  At  no 
time  in  the  history  of  England  had  the 
iron  trade  assumed  such  enormous  pro- 
portions as  those  which  it  reached  about 
two  years  ago.  The  sums  invested  in 
it  must  be  measured  by  millions  of  pounds 
sterling  ;  while  the  number  of  individu- 
als who  obtained  a  living,  directly,  or  in- 
directly, by  the  manufacture  and  sale  of 
iron,  was  greater  than  at  any  previous 
period.  Consequently  the  cessation  in 
the  demand  for  iron  exerts  an  influence 
for  evil  which  does  not  admit  of  compari- 
son with  previous  disasters.  Indeed,  it 
is  not  perhaps  too  much  to  say,  that  the 
demand  for  iron  which  exists  at  this  mo- 
ment would,  some  twenty  years  ago, 
have  been  sufficient  to  keep  most  of  the 
blast  furnaces,  mills,  and  forges  then  in 
existence  fairly  employed.  The  present 
collapse  is  disastrous,  because  the  means 
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of  production  rendered  valueless  are  so 
great,  and  the  number  of  hands  thrown 
out  of  work  is  so  large. 

It  is  easy  to  find  reasons  for  the  exist- 
ing   deplorable    condition   of    the   iron 
trade  ;  it  is  not  very  easy,  however,  to 
find  reasons  which  shall  be  deemed  con- 
clusive.    In  point  of  fact,  there  can  be 
no  doubt  that  we  must  seek  for  the  ori- 
gin of  the  evil,  not  in  one  source  but  in 
many.     It  would  be  impossible  to  con- 
sider the  whole  subject,  complex  as  it  is, 
within  the  limits  at  our  disposal  ;  nor 
are  we  certain  that  a  complete  enuncia- 
tion of  the  truth  would  be  productive  of 
any  good.     But  there  is,  after  all,  a  cer- 
tain melancholy  pleasure  in  knowing  the 
source  of  our  troubles,  even  though  the 
misfortune  does  not  admit  of  being  corn- 
batted  ;  and  we  think  an  explanation  of 
one  or  two  of  the  principal  reasons  why 
iron  is  at  present  so  cheap  may  interest 
our  readers.     It  is  as  a  matter  of  course 
understood  that   iron  is   cheap  because 
there  is  little  or  no  demand  for  it.     We 
cannot  stop  here,  however,  because  all 
questions  connected  with  the  iron  trade 
narrow  themselves  into  one — why  is  the 
demand  for  iron  so  small  ?     An  obvious 
reply  to  this  question  suggests  itself  in 
a  moment.     There  is  no  demand  for  iron 
because  there  is  no  speculation.     With 
nearly  100  millions  of  gold  locked  up  in 
the  Banks    of    Englands    and    France, 
while  war  clouds  gather  gloomily  over  the 
Eastern  horizon,  speculation  is  dead.    It 
may  be  proved  that  for  many  years  past 
it  has  been  practically  impossible  to  in- 
vest any  considerable  sum  of  money  in  a 
renumerative  way  without  the  aid  of  the 
engineer.     Railways,  mines,  steamships, 
docks,   factories,  roads,  all  things  from 
which  a  profit  is  to  be  derived  have  their 
origin,  it  may  be,  in  the  minds  of  the 
capitalist  and  the  speculator,  but  they 
owe  their  practical  existence  to  the  abili- 
ties of  the  members  of  our  profession. 
But  just  now  there  is  no  work  for  engi- 
neers, and  it  must,  we  think,  be  added 
that  engineers  have  not  recently  suggest- 
ed any  sound  speculations  in  which  capi- 
tal might  be  safely  and  profitably  invest- 
ed.    There  is  plenty  of  work  to  be  done 
both  at  home  and  abroad,  but  it  is  not 
done,  and  neither  engineer  nor  capitalist 
suggest  that  it  should  be  done.     Here, 
then,  is  one  potent  reason  why  the  de- 
mand for  iron  is  small  ;  but  this  is  not 


the  sole   reason.      Foreign   competition 
has   come  into   operation.     The  fact   is 
fully  recognized,  but  the  precise  mean- 
ing of  the  term  is  hardly  as  well  under- 
stood  as  it   might  be.     Ironmasters    in 
this  country  are  inclined  to  regard  the 
dealings  of  their  brethren  in  Belgium  or 
the  United  States  too  much  in  a  person- 
al light.     They  are  disposed  to  take  um- 
brage  at   the   efforts  of    men   who   are 
really  in  not  a  whit  better  plight  than 
we  are.     It  is  not  the  iron  trade  of  Eng- 
land alone,    but  the   iron   trade  of  the 
whole  world  that  is  in  a  depressed  con- 
dition.    The  supply   of  iron  is  greater 
than  the  demand  ;  and  it  does  not  ap- 
pear that  any  great  benefit  could  accrue 
at  the  present  moment  from  the  discov- 
ery of  a  system  of  making  iron  by  which 
the  cost  of  production  could  be  lessened, 
unless   the    operation    of    that   method 
could  be  limited  to  a  given  district  or 
country,  which  would  then  be  in  a  posi- 
tion to  undersell  its  fellows.    If  bar  iron 
could  be  made  and  sold  to  morrow  for 
£5  a  ton  in  England  and  on  the  Conti- 
nent, the  iron  trade  would  no  doubt  re- 
ceive an  impetus  which  would  for  the 
moment  prove  useful ;  but  in  the  end — 
and  the  end  would  be  quickly  reached 
— we  should  be  no  better  off  than  we  are 
at  present.     The  uses  of  iron  are,  after 
all,  comparatively  limited  ;  and  although 
it  is  true  that  if  iron  could  be  had  at  a 
very  low  price  it  would  be  used  as  a  sub- 
stitute for  wood  and  stone  as  it  is  not 
used  now,  it  must  be  borne  in  mind  that, 
on  the  other  hand,  the  moment  it  became 
apparent  that  a   profit  might  be   made 
out  of  iron,  new  works   would   be  put 
down,  and  the  production  of  the  metal 
would   be   enormously   increased.      The 
prime  truth  is  that  if  iron  is  to  be  dear 
it  must  be  scarce  ;  and  even  though  the 
metal  could  be  made  for  a  few  shillings 
a  ton,  the  position  of  the  trade  would 
not  be  improved.     On  the  contrary,  it  is 
well  known  that  when  wages  are  highest 
and  coal   dearest   the  greatest  profit  is 
realized  by  the  ironmaster,  provided  the 
value  of  iron  rises  in  the  same  way.     In 
other  words,  a  man  will  make  a  larger 
profit  out  of  1000  tons  of  iron  sold  at 
£10  a  ton  than  he  will  out  of  2000  tons 
of  iron  sold  at  £7  a  ton.     We  confess, 
therefore,  that  we  see  little  reason  to  be- 
lieve that  new  methods  of  making  iron 
can  materially  improve  the  prospects  of 
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the  ironmaster.  Englishmen  cannot 
hope  to  keep  the  best  modes  of  manufac- 
ture to  themselves  ;  and  although  they 
cannot  afford  to  permit  Belgium  or 
America  to  beat  them  in  the  race  for 
cheap  iron,  it  does  not  follow  that, 
having  got  cheap  iron,  they  will  be  bet- 
ter off  than  they  were  before.  It  is  true 
that  the  world  at  large  will  possible  be 
the  better  of  a  reduction  in  the  cost  of 
production,  but  even  this  is  open  to 
question.  We  are  not,  however,  dealing 
with  the  world  at  large,  but  with  the 
iron  trade  of  Great  Britain  alone. 

The  future  prosperity  of  the  iron 
trade,  then,  depends  not  on  producing 
cheaper  and  cheaper  iron,  but  on  the  de- 
mand which  may  exist  for  the  metal.  If 
iron  is  really  wanted  it  will  be  purchased 
at  any  price  in  reason.  We  cannot  call 
to  mind  'an  instance  in  which  speculation 
has  been  stopped  because  iron  was  dear. 
Who  ever  heard  of  a  railway  scheme 
being  abandoned  because  rails  rose  a 
pound  a  ton  in  price  ?  It  is  almost  im- 
possible to  arrive  at  any  trustworthy 
statistics  on  the  subject,  but  we  think  it 
will  be  found  that  even  a  considerable 
fall  in  quotations  for  iron  exerts  but  a 
small  influence  on  the  quantity  of  iron 
actually  sold.  This  statement  may  be 
misconstrued,  therefore  we  shall  put  it 
in  another  form,  namely,  that  the  whole 
quantity  of  iron  sold  during  a  year  in 
England  is  little  affected  by  the  price  at 
which  it  is  sold.  If  this  be  true,  then 
the  idea  that  if  iron  could  be  made  more 
cheaply  than  at  present  more  of  it  could 
be  sold  with  profit  is  a  delusion.  It 
would  not  be  a  delusion  if,  as  we  have 
explained,  the  production  of  cheap  iron 
could  be  confined  to  a  single  country — 
at  least  for  that  country  ;  but  such  a 
condition  in  the  present  day  is  impossi- 
ble, and  there  is  no  hope  for  the  iron 
trade  of  the  future  save  in  augmented 
demand. 

The  demand  for  iron  is  two-fold  in 
character.  It  originates,  firstly,  in  the 
requirements  for  new  undertakings,  and 
secondly,  in  the  need  for  repairs.  Until 
some  confidence  is  restored,  and  money 
is  once  more  available  for  the  construc- 
tion of  engineering  works,  there  will  be 
no  demand  under  the  first  head.  As  re- 
gards the  second,  there  is  reason  to  be- 
lieve that  the  demand  will  become  pro- 
portionately smaller  everv  year — not  ab- 
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solutely  smaller,  but  less  in  a  sense 
which  is  well  illustrated  by  the  iron 
trade.  At  one  period  this  trade  was 
well  supported,  even  in  so-called  bad 
times,  by  the  needs  of  the  railway  com- 
panies. Iron  rails  wore  out  quickly,  and 
had  to  be  replaced  ;  but  steel  rails  are 
sold  now  at  little  more  than  the  price  of 
iron  rails,  and  they  last  two  or  three 
times  as  long.  It  is  not  remarkable  that 
under  these  conditions  the  rail  trade 
should  be  bad  ;  the  introduction  of 
cheap  and  good  steel  rails  killed  a  goose 
which  laid  golden  eggs.  We  do  not  say 
that  it  was  not  for  the  good  of  the  na- 
tion at  large  that  the  goose  was  killed, 
but  it  is  none  the  less  certain  that  her 
death  has  been  a  heavy  loss  to  the  iron 
trade  of  the  country.  The  truth  is,  that 
better  iron  is  now  made  than  it  was  the 
general  custom  to  make  heretofore,  and 
this  iron  is  used  to  more  advantage  not 
only  on  railways,  but  in  ships,  and  build- 
ings, and  the  hundred-and-one  purposes 
to  which  the  metal  is  put,  and  the  result 
is  that  the  demand  for  iron  for  repairs 
is  reduced.  There  is  no  remedy  for  this 
condition  of  affairs,  but  ironmasters  may 
rest  assured  that  the  worst  enemy  with 
which  they  have  to  fight  is  steel.  If 
this  metal  ever  takes  the  place  now  held 
by  iron,  the  pig-iron  trade  of  the  world 
will  apparently  undergo  an  immense  re- 
duction in  its  dimensions. 


A  note  relative  to  the  influence  of 
living  vegetable  roots  on  putrefaction 
has  been  communicated  by  Dr.  Jeannel 
to  a  recent  number  of  the  Annates  de 
Chimie.  He  says  that  the  project  of 
utilizing  the  sewage  waters  of  Paris  by 
irrigating  the  surrounding  lands  gave  rise 
to  hygienic  apprehension  ;  this  problem 
seems  to  have  been  satisfactorily  solved 
by  the  fact  that  the  farmers  living  on 
the  soil  are  not  subject  to  maladies 
caused  by  the  decomposition  of  animal 
matter  ;  from  a  series  of  scientific  ex- 
periments, the  author  concludes  that  the 
roots  of  plants  in  vegetation  have  the 
effect  of  arresting  the  putrefaction  of  or- 
ganic matters  held  in  suspension  in  water; 
besides  acting  as  sources  of  oxygen, 
under  their  influence  ferments  and  ani- 
malcules of  putrefaction  disappear  and 
are  replaced  by  those  living  in*  water 
comparatively  salubrious. 
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PERMANENT  WAY  OF  RAILWAYS.* 

By  Mr.  E.  PEICE  WILLIAMS,  C.  E. 

From  "Engineering." 


When,  ten  years  since,  the  subject  of 
the   maintenance    and  renewals  of  per- 
manent way  was  discussed  at  the  Institu- 
tion, steel  rails  might  be  said  to  have  been 
on   their   trial.      In   the    few   instances 
where  they   had   been  used,  they  were 
laid  rather  as  an  experiment  at  stations, 
and  in  situations  where,  from   the   slow 
speed  of  the  traffic,  no  risk  was  incurred 
of  those  sudden  fractures  to   which,   it 
was  feared,  their  brittle  character  ren- 
dered  them   peculiarly   liable.     Experi- 
ence  had,   however,    shown   that   these 
fears   were   groundless,    and   that  steel, 
with  the  small  percentage  of  carbon  used 
for  rails,  was  a  material  greatly  superior 
to  iron,  both  in  strength  and  durability, 
and  not  more  liable  to  sudden  fracture. 
Steel   rails   had  now  almost  entirely  su- 
perseded iron  rails  on  the  main  lines   in 
this  country,  and  the  recent  reduction  in 
cost  of  manufacture  would  probably  lead 
to  steel  being  used  exclusively  for  rails. 
In  1865,  the  author  showed  that  the 
average   life   of   iron  rails  under  heavy 
traffic  was  then  only  three  years.     Since 
that  time,  the  goods  and  mineral  traffic 
on  some  %of  the  principal   English   rail- 
ways had  been  doubled,  and  even  trebled. 
As  might  be  expected,  this  had  led  to 
increased  expenditure  in  the  maintenance 
and  renewals  of  the  permanent  way,  but 
in  nothing  like  the  same  proportion — a 
fact  testifying  to  the  more  durable  qual- 
ity of  the  materials.     Thus  in  the  last 
ten  years  on  the  Great  Northern  Rail- 
way the  tonnage  had  increased  177  per 
cent.,  while  the  cost  per  mile  of  mainte- 
nance had  only  risen  forty-five  per  cent.  ; 
on   the   Midland   the   tonnage   had    in- 
creased   113  per  cent.,  and  the  cost  of 
maintenance   sixty-four   per   cent.,     the 
chief  portion  of  this  latter  increase  being 
for   materials.      On   the   South-Eastern 
and  the  London  and  Brighton  lines,  the 
relatively  small  increase  in  the  course  of 
labor  per  mile  was  observable,  but  there 
had  been  a  considerable  increase  in  the 
cost  of  staff  and  office  charges. 

In  1-868,  the  half-yearly  reports  of  the 
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railway  companies  were  required  to  be 
prepared  according  to  a  uniform  system. 
The  distinction  between  the  maintenance 
and  renewals  was  then  abolished.  The 
cost  of  maintaining  the  sidings,  points, 
and  crossings,  hitherto  included  in  the 
"  station  works,"  was  charged  against 
"  maintenance  of  way."  The  author  had 
arranged  the  tables  and  diagrams  in  ac- 
cordance with  this  new  system.  In  com- 
paring the  cost  of  maintenance  on  dif- 
ferent railways,  it  was  necessary  to  take 
into  account  the  gradients,  weight,  and 
speed  of  traffic  in  each  case,  as  also  the 
relative  mileage  of  single,  double,  and 
triple  lines,  length  of  sidings,  &c.  To 
afford  a  common  basis  of  comparison, 
the  author  had  given  the  cost  of  mainte- 
nance both  per  mile  of  railway  and  per 
mile  of  single  line  ;  and  much  more  uni- 
formity was  found  in  the  latter  than  in 
the  former. 

The  average  cost  of  the  maintenance 
and  renewals  of  the  permanent  way  on 
the  Great  Northern  Railway,  during  the 
year  1865,  was  £124  per  mile  of  single 
line,  the  net  cost  of  relaying  a  mile  of 
single  line  with  iron  rails  being  £1371 
Dividing  the  latter  amount  by  124,  gave 
eleven  years  as  the  average  "  money  life  " 
at  that  time  ;  in  other  words,  the  annual 
sum  then  spent  would  renew  the  entire 
mileage  of  the  railway  in  that  period. 
In  1875,  when  steel  rails  were  used,  the 
cost  of  maintenance  and  renewals  per 
mile  of  single  line  was  £184.78,  the  net 
cost  of  relaying  a  mile  of  single  line  be- 
ing £1626,  giving  a  "money  life"  of 
only  nine  years.  The  "  money  life  "  of 
this  permanent  way  had  therefore  dimin- 
ished during  the  last  ten  years,  a  result 
due  partly  to  the  rise  in  wages,  but 
chiefly  to  the  increased  amount  of  labor 
in  upholding  the  substructure  of  the 
road  ;  indeed,  the  cost  of  labor  in  "  main- 
tenance "  amounted  to  four  times  the 
labor  required  for  "  renewals."  On  com- 
paring the  average  cost  of  the  mainte- 
nance and  renewals  of  the  nine  principal 
English  railways,  it  appeared  that  on  the 
Lancashire  and  Yorkshire  Railway  it  was 
the  highest,  and  that  consequently  the 
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""  money  life  "  was  the  least,  viz.,  only 
6.66  years  ;  the  maximum  "money  life  " 
being  found  on  the  South  Eastern  and 
the  London  and  Brighton  Railways,  viz., 
10.50  and  10.38  years  respectively.  The 
average  annual  cost  per  mile  of  single 
line  of  the  nine  railways  alluded  to  dur- 
ing the  last  ten  years,  was  about  £158 
per  annum,  equivalent  to  an  average 
"money  life  "of  7.61  years,  assuming 
iron  rails  to  have  been  used  for  the  re- 
newals. During  1875,  the  average  cost 
of  maintenance  of  these  nine  railways 
had  been  £213.64  per  mile  of  single  line, 
which,  even  assuming,  as  was  not  the 
case,  that  steel  rails  had  been  entirely 
used  for  renewals,  gave  only  7£  years  as 
the  present  "  money  life  "  of  nearly  one- 
half  the  railway  mileage  of  the  kingdom. 
The  annual  cost  of  the  maintenance  of 
the  permanent  way  on  these  railways 
represented  2.10  per  cent,  interest  on  the 
ordinary  capital,  so  that  one  year's  in- 
creased "money  life"  would  be  equiva- 
lent to  an  addition  of  J  per  cent,  interest 
on  such  capital — a  fact  which  showed 
the  importance  of  the  efforts  to  render 
the  permanent  way  more  durable. 

The  actual  life,  or  duration,  of  the 
permanent  way  should  not  be  confounded 
with  the  "  money  life,"  the  latter  being 
merely  the  ratio  which  the  annual  cost 
of  maintenance  bore  to  the  cost  of  con- 
struction. In  the  author's  previous 
paper,  it  was  mentioned  that  some  iron 
rails  on  a  portion  of  the  Great  Northern 
Railway  had  only  lasted  2j  years.  The 
rails  which  replaced  these  in  1863, 
guaranteed  for  seven  years,  were  not 
taken  up  finally  till  1870  ;  in  the  mean- 
time, however,  a  great  portion  of  them 
had  been  renewed,  so  that  the  average 
life  was  only  about  5i  years.  The  life 
of  rails  was  entirely  a  question  of  ton- 
nage, and  of  speed  and  frequency  of 
the  trains.  Thus,  on  the  Loop  line  of  the 
Great  Northern  Railway,  from  Peter- 
borough to  Gainsborough,  which  was 
opened  in  1848,  and  where  the  traffic 
was  much  smaller  than  on  the  main  line, 
the  earliest  renewals  of  the  rails  oc- 
curred in  1868,  and  only  within  the  last 
year  had  the  up  line*  been  renewed 
throughout.  In  the  down  line  some  of 
the  original  rails  were  still  in  the  road 
after  twenty-eight  year's  wear,  during 
which  period  about  thirty-nine  million 
tons    of    traffic  had  passed    over   them. 


|  The   East   Lincolnshire   section   of    the 
j  Great   Northern   Railway    was    opened 
t  the    same    year    as     the     Loop.       Only 
j  twenty-one  per  cent,  of  the  up  line    and 
four  per  cent,  of  the  down  line  had  been 
renewed,  the  rails  still  in  the  road  hav- 
ing a  considerable   amount  of  wear   in 
them.     The  tonnage  over  these  rails  had 
been  13,400,000  and  14,300,000  tons  on 
the   up    and    down     lines     respectively. 
I  During  the  last  ten  years  85  per  cent,  of 
I  the  mileage  of  the  Great  Northern  Rail- 
way had  been  renewed,  and  the  average 
'  life  of  the  rails  was  nearly  sixteen  years. 
With  this  average  life  of  iron  rails,  and 
assuming  that  sleepers  lasted  eight  years, 
|  the  estimated  average  cost  of  renewals 
[per  annum  would  be  £128.90  per  mile  of 
single  line,  while   the   actual   cost   had 
I  been  £139.55. 

Steel  rails  were  first  laid  on  the  Lon- 
i  don    and    North-Western     Railway     at 
|  Camden   Town,   in  1862,  and  at  Crewe 
i  Station  in  the  following  year.     Diagrams 
|  were  exhibited  showing    the    wear   and 
;  amount  of   tonnage    which    had  passed 
i  over  the  latter.     On  an  average,  it    ap- 
!  peared  that  a  wear  of  one-sixteenth  inch 
|  of  the  tables  corresponded  to  a  traffic  of 
|  9,370,777  tons.     On  the  Great  Northern 
Railway  steel  rails  were  first  used  at  the 
J  coal  sidings  at  King's  Cross,  but  the  ton- 
nage over  them  could  not  be  ascertained. 
In  February,  1867,  steel  rails  were  laid 
in  the  up  and  down  lines  in  Maiden-lane 
tunnel.     On  the  down  line  the  traffic  was 
of  a  heavy  character,  consisting  chiefly 
of  shunting.     A  diagram  was  exhibited 
showing  the  worn  outlines  of  these  rails, 
the  tonnage  over  them,  and  the  chemical 
constituents    of    the    steel.     The    traffic 
corresponding  to  a  wear  of  one-sixteenth 
inch  of  the  tables  varied  from  5,251,000 
to   31,061,000   tons.      Similar   diagrams 
were  exhibited,  showing  the  wear,  the 
tonnage,    and   the    chemical  analysis  of 
steel  rails  on  other  portions  of  the  Great 
Northern   Railway.      Steel   rails     were 
I  first  laid  in  the  running  road  in  1866-7, 
|  on  the  up  line,  near  Hornsey.     A  tem- 
;  plate  of  one  of  these  rails  was  exhibited, 
showing  a  wear  of  only  0.15  inch  during 
j  a  period  of  9|  years,  the  traffic  having 
i  been  66,546,000  tons,  equivalent  to  27,- 
|  727,000  tons  for  every  one-sixteenth  inch. 
!  The  proportion  of  carbon  in  this  rail  was 
|  only  0.320  per  cent.    The  analyses  for  this 
:  communication  were  all  made  by  Mr  Riley. 
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The  Metropolitan  Railway  was  opened 
in  January,  1863,  as  far  as  Farringdon 
street,  and  the  extension  to  Moorgate 
street  in  1865.  The  greater  part  of  the 
steel  rails  had  been  worn  out,  and,  in 
some  cases,  twice  renewed,  owing  to  the 
enormous  traffic.  The  renewals  chiefly 
occurred  near  the  stations,  where  the 
brakes  attained  their  maximum  effect, 
that  was,  intermediate  between  the 
points  where  the  brakes  were  first  ap- 
plied and  the  station  platform.  Dia- 
grams were  shown  of  the  worn  outlines 
of  these  rails,  of  the  tonnage  over  them, 
and  also  of  the  chemical  analyses  of  the 
steel — the  most  noticeable  features  being 
in  the  case  of  the  rails  in  the  Clerken- 
well  tunnel,  where  a  considerable  dif- 
ference in  the  wear  was  observable  in 
the  wet  and  dry  portions  of  the  tunnel, 
although  the  amount  of  traffic  was  the 
same. 

In  a  recent  paper,-  the  process  of  ham- 
mering the  ingot  hadheen  recommended 
in  preference  to  first  cogging  it,  and 
then  rolling  it  into  the  finished  rail,  the 
latter  process  having,  it  was  stated,  the 
effect  of  injuring  the  metal.  The  author 
had  had  some  experiments  made  at  Mr. 
Kirkaldy's,  with  a  view  of  practically 
testing  the  relative  merits  of  the  two 
systems.  The  results  of  these  experi- 
ments showed,  that  the  rails  rolled  direct 
from  cogged  ingots  had  decidedly  the 
advantage,  being  about  2j  per  cent, 
stronger  on  the  average  than  those  rolled 
from  hammered  ingots.  On  the  Great 
Northern  Railway  rails  rolled  from 
"cogged  "  ingots  had  endured  ten  years 
of  the  heaviest  traffic,  and  were  still  in 
a  serviceable  condition. 

The  author  had  also  made  experiments 
as  to  the  relative  strength  of  deep  and 
ordinary  fish-plates.  The  results  showed 
that   the  average  strength  of  the  deep 


fish-plate  was  sixty-seven  per  cent,  of 
the  strength  of  the  solid  rail,  whereas 
the  average  strength  of  the  ordinary 
fish-plate  was  only  twenty-two  per  cent, 
Exj^eriments  were  likewise  made  to  de- 
termine the  transverse  strength  of  steel 
rails,  with  punched,  drilled,  and  partly 
punched  and  drilled  fish  bolt-holes  ;, 
likewise  steel  rails  which,  previous  to 
being  subjected  to  punching,  drilling, 
&C,  had  been  thoughened  by  being 
plunged  in  water  when  hot.  It  was  thus 
ascertained  that  the  strength  of  steel 
rails  not  subjected  to  the  toughening 
process,  with  holes  punched  cold  in  the 
ordinary  way,  was  65.39  percent,  of  that 
of  the  solid  rail  ;  whereas  the  strength 
of  the  rails  with  drilled  holes  was  98.68 
per  cent,  and  the  partly  punched  and 
afterwards  drilled  rails  97.80  per  cent,  of 
the  strength  of  the  solid  rail.  The  effect 
of  the  toughening  process  was  materially 
to  increase  the  strength  of  the  steel  rails, 
especially  the  rails  with  the  punched 
holes,  which  showed  an  increased 
strength  of  about  fifty-eight  per  cent. 
as  compared  with  the  untoughened 
punched  rails. 

In  conclusion,  the  author  expressed  a 
hope  that  in  future  steel  rails  would  be 
made  of  such  uniform  quality  as  would 
insure,  as  an  average,  the  maximum  en- 
durance already  met  with  in  some  of  the 
instances  referred  to — about  thirty  mil- 
lion tons  for  a  wear  of  one-sixteenth  of 
an  inch  of  the  tables.  With  such  a 
quality  of  material,  the  average  life  of  a 
steel  rail  would  be  about  300  million 
tons,  equivalent  on  the  most  heavily 
worked  portion  of  the  Great  Northern 
Railway  to  a  forty-two  year's  life.  The 
effect  of  this  increased  duration  would 
be  to  reduce  the  present  average  annual 
cost  of  renewals,  viz.,  £213  to  about 
£107  per  mile  of  single  line. 


THE  PROPER  DEFINITION  OF  STEEL. 

By  EICHAED  AKEEMAN,  Stockholm  School  of  Mines. 
From  "Iron." 


When  M.  Greiner's  proposal  for  a 
change  in  the  definition  of  "  steel "  was 
distributed  among  the  jurymen  at  the 
Vienna  Exhibition,  there  was  not  a  single 
voice  heard  to  raise  itself  in  support  of 


the  new  views,  but,  on  the  other  hand,  it 
must  also  be  admitted  that  during  the 
sittings  of  the  jury  none  took  the  trouble 
to  seek  to  oppose  them.  „  The  reason  of 
this  I  cannot  interpret  otherwise  than 
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that  the  proposal  was  considered  by  all 
as  of  little  value  and  not  worth  discuss- 
ing ;  but,  as  several  distinguisued  iron- 
metallurgists  have  since  shown  that  they 
shared  M.  Greiner's  idea,  there  may  pos- 
sibly be  some  danger  of  his  views  being 
adopted,  and  in  that  case  there  is  an  ob- 
ligation resting  on  those  who  differ  from 
him  to  endeavor,  as  best  as  they  may,  to 
oppose  an  alteration  which  they  think 
likely  to  be  a  source  of  many  misunder- 
standings and  mistakes.  As  I  entertain 
the  conviction  that  M.  Grenier's  proposal 
ought  merely  to  be  regarded  as  an  un- 
fortunate attempt  to  legalize  the  too 
common  misapplication  of  the  term, 
arising  from  ignorance  of  the  true  nature 
of  the  products,  by  including  under  it 
the  softest  kinds  of  Bessemer  and  Mar- 
tin metal,  I  hope  that  for  the  reason  al- 
ready stated  it  will  not  be  considered 
superfluous  if  I  attempt  to  show  that 
the  order  which  M.  Grenier  believes  that 
he  attains  by  this  alteration  will,  instead, 
considerably  increase  the  confusion, 
while  complete  clearness  will,  on  the 
contrary,  be  obtained  by  the  natural  de- 
velopment and  completion  of  the  old 
definition. 

The  supposed  advantage  of  the  new 
definition,  according  to  which  all  malle- 
able products  of*  the  iron  manufacture, 
which  are  obtained  in  a  state  of  fusion , 
are  steel,  consists  in  the  absence  of  all 
uncertainty  as  to  what  is  steel  and  what 
iron.  Still  more,  however,  the  support- 
ers of  the  new  views  with  their  new 
definition  of  steel  may  be  considered  to 
aim  at  fixing  an  unmistakable  boundary 
line  between  the  malleable  products 
which  are,  and  those  which  are  not,  ob- 
tained in  a  state  of  fusion  ;  but  this 
object  is  attained  equally  well,  not  to 
say  better,  by  giving  to  that  which 
Grenier  wishes  to  call  steel,  the  name  of 
u  ingot-metal." 

It  was  Mr.  E.  Williams  who  first  pro- 
posed that  Bessemer  rails,  to  distinguish 
them  from  rails  of  puddled  iron,  should 
be  called  "  ingot-rails,"  and  Tunner  has 
since  recommended  the  appellation  ingot- 
metal  for  all  malleable  iron  and  steel 
which  have  been  in  a  state  of  fusion. 
The  word  "ingot-metal,"  which,  undenia- 
bly better  than  the  word  "steel,"  expresses  j 
the  fact  that  the  product  has  been  in  a  ' 
state  of  fusion,  and  while  in  that  state 
been  run  into  ingots,  has  the  real  ad- 


vantage of  not  occasioning  any  change. 
For  this  appellation  does  not  cause  the 
least  disturbance  in  the  old  ideas  of  steel 
and  iron,  but  the  metal,  as  it  is  in  accord- 
ance with  the  old  views  to  be  consid- 
ered steel  or  iron  on  quite  other  grounds 
than  the  qualities  dependent  on  the  state 
of  fusion  itself,  would  come  to  be  called 
"ingot-steel"  or  "ingot-iron." 

On  the  contrary,  Grenier's  new  defin- 
ition of  steel,  without  fixing  the  bound- 
ary line  between  fused  and  unfused 
products  better  than  the  word  "ingot- 
metal,"  would,  during  a  long  succession 
of  years,  give  occasion  to  much  uncer- 
tainty and  many  doubts,  for  it  cannot  be 
believed  that  the  public  will  be  induced 
to  nmke  any  hasty  alteration  of  so  old 
an  idea  as  that  of  steel ;  but  it  is  plain 
that,  if  Grenier's  proposal  were  to  be 
adopted,  there  would  long  be  an  uncer- 
tainty as  to  what  in  every  individual 
case  was  meant  by  this  word,  inasmuch 
as  it  would  be  understood  by  some  ac- 
cording to  the  old,  and  by  others  accord- 
ing to  the  new,  definition.  The  sponsors 
of  the  new  definition  have  not  succeeded 
in  making  the  uncertainty  and  want  of 
clearness  by  which  their  proposal  is 
characterized  a  question  of  the  day ; 
but,  at  the  same  time,  while  they  try  to 
flatter  themselves  that  the  new  defini- 
tion will,  by  its  distinctness,  bring  about 
complete  clearness,  they  have  in  fact 
seen  themselves  compelled  to  retain  such 
appellations  as  cement  and  puddled 
steel,  steely  iron,  <fcc,  and  if  these  still 
continue  to  be  necessary  in  the  future, 
we  must,  in  case  their  new  definition  of 
steel  be  accepted,  give  up  all  hope  of 
clearness  being  attained  even  in  the  re- 
motest future. 

The  advocates  of  the  new  ideas  make 
a  great  ado  about  the  difficulty  of  being 
able  to  make  out  by  the  present  distinc- 
tions if  a  metal  should  be  called  steel  or 
malleable  iron,  but  they  may  be  sup- 
posed not  to  consider  in  connection  with 
this  that,  to  give  a  proper  idea  of  the 
qualities  of  their  "  steel,"  some  epithet 
must  be  added,  as  extra  soft,  soft,  half 
soft  to  half  hard,  hard,  .and  very  hard. 
What  objection  can  there  be  to  use,  in- 
stead of  this  scale,  the  following  : — Soft 
ingot  iron,  ordinary  ingot  iron,  hard  in- 
got iron,  soft  ingot  steel,  ordinary  ingot 
steel,  hard  ingot  steel ? 

The  boundary  line  between  ingot-iron 
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and  ingot  steel  lies  at  the  half -so  ft  to 
half -hard  steel  of  the  new  views  ;  but  it 
cannot  be  denied  that  of  different  per- 
sons, according  as  they  fix  their  atten- 
tion either  on  the  degree  of  tempering 
or  on  hardness  of  a  different  kind 
•and  on  the  capability  of  welding,  one 
may  possibly  be  inclined  to  reckon  the 
same  product  as  soft  ingot-steel,  which 
the  other  will  call  hard  ingot-iron,  but 
this  inconvenience  has  prevailed  all 
along  since  the  first  production  of  pud- 
dled steel  in  arranging  puddled  products, 
and  the  men  of  the  new  school  have  as 
little  succeeded  in  overcoming  this  diffi- 
culty, as  they  cannot  prevent  a  piece 
of  their  "  steel  "  which  is  called  soft  by 
one  person,  from  being  considered  half 
soft  by  another.  What  real  inconveni- 
ence, besides,  arises  from  a  rail  being 
called  by  one  an  ingot-steel  rail,  and  by 
another  an  ingot-iron  rail,  if  all  are 
agreed  that  it  is  an  ingot  rail  ?  and 
neither  the  books  of  works,  statistical 
returns,  tariffs,  nor  such  like  are 
grounded  on  the  ideas  of  steel  and  iron, 
but  on  ingot-metal  and  not  ingot-metal. 

Singularly  enough,  MM.  Grenier  and 
Philippart  consider  that  soft  ingot-iron 
for  boiler  plates  and  such  like  purposes, 
would  more  easily  win  confidence  if 
their  definition  were  accepted.  For  my 
part,  I  believe  quite  the  contrary,  for 
the  man  who  all  his  life  has  been  accus- 
tomed to  understand  by  steel  a  hard  and 
comparatively  brittle  product,  might 
well,  when  he  knows  that  he  requires  a 
soft  and  very  ductile  materia],  have 
more  confidence  in  an  untried  article 
offered  under  the  name  of  soft  ingot- 
iron,  than  in  another  called  soft  stee], 
which  appellation  for  the  most  part  con- 
tinues, to  denote  a  comparatively  hard 
product.  The  sense  of  security  must 
always  be  greater  if  the  appellation  in- 
got-metal be  adopted,  for  the  manufac- 
turer can  never  have  the  right  to  under- 
stand by  ingot-iron  a  product  so  hard  as 
that  which  he  can  call  soft  steel. 

When  Mr.  Holley,  to  show  the  impro- 
priety of  retaining  the  old  system,  asks 
whether  there  is  any  reason  to  call  that 
part  of  an  ingot  which  is  rolled  into  a 
rail  iron,  while  another  part  of  the  same 
ingot,  which  is  employed  for  the  produc- 
tion of  a  tempered  tool,  is  called  steel, 
he  is  altogether  beside  the  mark,  for  no 
one  has  proposed  that  the  difference  be- 1 


tween  iron  and  steel  should  consist  in 
the  former  being  tempered  and  the  latter 
non-tempered,  but  the  question  is  only 
whether  the  material  is  capable  of  taking 
a  temper.  If  the  ingot-rail  is  so  hard, 
it  ought  naturally,  as  well  as  the  tool 
made  from  the  same  ingot,  to  be  said  to 
be  of  steel  ;  but  if,  on  the  contrary, 
neither  the  rail  nor  the  tool  be  capable 
of  tempering,  while,  at  the  same  time, 
they  may  be  welded,  they  are  neither  of 
them  steel,  but  ingot-iron. 

A  further  reason  why  the  new  defini- 
tion of  steel  ought  not  to  be  received,  is 
that  between  ingot-metal  and  puddled 
metal — the  latter  of  which,  after  Wil- 
liams, we  propose  to  call  "piled  metal" 
— there  is  found  a  middle  class  of  iron 
and  steel  products,  comparatively  rare, 
indeed,  in  most  countries,  but  yet  highly 
deserving  of  attention,  namely  the 
metal  produced  in  the  hearth,  to  which, 
as  is  well  known,  the  Swedish  iron  be- 
longs. Hearth-refining  yields  a  middle 
product  between  piled  and  ingot  metal, 
which  I  propose  to  call  "  bloom-metal" 
inasmuch  as  it  is  produced  from  a  bloom 
which,  in  fact,  has  never  in  its  finished 
state  been  fused,  but  which,  to  distin- 
guish it  from  puddled  iron,  has  been 
produced  by  a  partial  and  successive 
fusion,  the  intention  of  .which  is  to  sep- 
arate the  greater  part  of  the  scoriae  by 
which  the  piled  metal  is  rendered 
impure.  Such  bloom-iron,  as,  for  in- 
stance, that  produced  in  the  Lancashire 
process,  is  certainly  not  so  homogeneous 
and  free  from  scoriae  as  ingot-iron,  but 
it  commonly  lies  closer  to  it  than  piled 
iron,  and  ought  therefore  rather  to  be 
placed  under  the  "  steel "  of  the  new 
views  than  under  their  "iron."  Prop- 
erly, however,  this  division,  which  has 
been  altogether  overlooked  by  Greiner, 
&c,  belongs  neither  to  their  steel  nor 
iron,  but  ought,  as  we  have  said,  to  form 
a  separate  middle  class,  "  bloom-metal." 

The  overlooking  of  the  last-mentioned 
middle  class,  perhaps,  besides,  has  also 
conduced  to  the  exaggeration  of  which 
MM.  Greiner  "and  Philippart  are  guilty 
when  they  state  that  the  tensile  strength 
and  the  ductility  of  that  which  they 
propose  to  call  "  steel,"  are  always  so 
much  greater  than  of  that  which  they 
call  "  iron,"  that  those  who  have  not 
themselves  had  an  opportunity  of  seeing 
whether  the  product  had  been  in  a  state 
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of  fusion  or  not,  may  easily  settle  this 
question  by  means  of  mechanical  tests. 
"Without  being  disposed  to  deny  that  the 
qualities  of  homogeneity  and  freedom 
from  scoriae,  distinctive  of  ingot-metal 
or  Greiner's  steel,  conduce  in  general  in 
a  very  considerable  degree  to  a  simulta- 
neous increase  of  both  the  absolute  ten- 
sile strength  and  the  ductility,  I  consider 
myself  entitled  to  maintain  that  experi- 
ence has  sufficiently  shown  that  so  many 
other  circumstances  are  found  to  have  an 
effect  upon  it,  that  it  will  beyond  all 
question  be  more  difficult  to  make  out 
by  means  of  mechanical  tests  whether  a 
product  ought  to  be  called  steel  or  iron, 
than  to  determine  by  trying  whether  it 
will  temper  or  weld  to  which  kind  it 
ought  to  be  reckoned  according  to  the 
old  idea  of  steel.  Indeed,  without  the 
help  of  such  trials,  it  is  in  most  cases 
easier  to  determine  whether  a  product 
according  to  the  old  views  ought  to  be 
called  steel  or  iron  merely  by  mechanical 
tests,  than  by  means  of  the  same  tests  to 
settle  the  question  according  to  the  new 
views,  for  the  increase  in  tensile  strength, 
with   the    accompanying    diminution  in 


ductility,  which  is  caused  by  an  increased 
content  both  of  carbon  and  of  some 
other  substances,  is  more  regular  than 
the  differences  between  the  tensile 
strength  and  ductility  of  products  ap- 
proximately of  the  same  hardness,  but 
produced  in  different  ways. 

The  examples  quoted  by  M.  Philippart 
indeed,  appear  to  contradict  this  state- 
ment, but  they  are  too  exceptional  for 
any  well-founded  conclusion  to  be  estab- 
lished by  means  of  them  alone  ;  while 
on  the  other  hand,  a  careful  study  of  the 
tables  belonging  to  Styffe's  experiments 
on  the  elasticity,  ductility,  and  tensile 
strength  of  iron  and  steel,  and  of  similar 
tables  published  by  Kirkaldy  and  several 
others  affords  support  to  the  statement 
made  above. 

Far  from  being  able  to  support  the 
adoption  of  the  new  definition  of  steel 
proposed  by  M.  Greiner,  I  must  instead, 
for  the  reasons  stated  above,  recommend 
a  development  and  completing  of  the 
old  idea,  as  a  result  of  which  the  pro- 
ducts obtained  from  iron  ores  will  be 
arranged  in  the  following  way  : 


Malleable. 


Non- 
Mallea- 
ble. 


Piled  Metal. 


Bloom  Metal. 


Ingot  Metal. 


Produced  by  the  |    Produced  in  the 

welding  together  of  j  hearth  either  from 

unf  used  particles,   ore  or  from  pig-iron. 


Produced 

in  a  state  of 

'fusion. 


Cement 

!   or  Blister 

Steel. 


Piled 
Iron. 


Piled 
Steel. 


Bloom    Bloom 
Iron.       Steel. 


Ingot        Ingot 
Iron.        Steel. 


Malleable 
Cast  Iron. 


Pi/ 


Piled  metal  may, 
besides,  be  produc- 
ed either  from  un- 
fused  iron  sponge 
obtained  directly 
from  ore,  or,  as  the 
case  commonly  is, 
by  puddling  pig- 
iron,  when  the  pro- 
duct, in  place  of 
piled  iron  or  piled 
steel,  may  also  be 
named  puddled 
iron  or  puddled 
s  teel. 


When  the  hearth 
process  by  which 
the  bloom  has 
been  produced,  is 
wished  to  be  stat- 
ed, for  bloom  is 
substituted  Cata- 
lan, Lancashire, 
Franche,  Comte, 
or  such  like. 


When  the  way 
in  which  the  ingot 
has  been  produced 
is  wished  to  be 
stated,  for  ingot  is 
substituted  Besse- 
mer, Martin,  Cru- 
cible, or  such  like. 


Produced      Produced 
by  cementa-jby  cementa- 


tion from 

piled  iron, 

bloom  iron, 

or  ingot 

iron. 


tion  from 
pig  iron. 
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THE  CANAL  DU  MIDI. 

From  "The  Engineer." 


A  glance'  at  the  map  of  France  will 
show  that  a  comparatively  narrow  strip 
of  land  separates  that  portion  of  the 
Mediterranean  known  as  the  Gulf  of 
Lyons  from  the  Bay  of  Biscay.  The  ex- 
treme width  of  this  strip  of  land, 
measured  in  a  direct  line  at  the  narrow- 
est place,  is  about  240  miles,  and  it  in- 
cludes some  of  the  richest  provinces  in 
Southern  France.  Ships  proceeding  to 
the  East,  because  of  the  interposition  of 
this  French  territory,  are  compelled  to 
sail  round  Spain,  and  enter  the  Mediter- 
ranean through  the  Straits  of  Gibraltar. 
This  represents  an  addition  to  the  length 
of  the  voyage  of  about  800  miles. 
Many  years  ago  a  proposal  was  made  to 
construct  a  canal  connecting  the  Bay  of 
Biscay  with  the  Gulf  of  Lyons  ;  nothing 
came  of  the  proposition,  which  has  been 
renewed  several  times.  The  last  propo- 
sition of  the  kind  emanates  from  M. 
Manier,  of  Oxford,  and  as  this  gentleman 
appears  to  have,  worked,  out  his  ideas 
with  care,  his  proposals  are  just  now  at- 
tracting a  good  deal  of  attention,  and 
deserve  some  notice  in  our  columns.  If 
our  readers  will  once  more  refer  to  a 
good  map  of  France  they  will  see  that 
water  communication  already  exists 
along  the  route  which  such  a  canal  as 
M.  Manier  proposes  must  take.  A  long 
inlet  or  arm  of  the  sea  runs  obliquely  in- 
land from  Roy  an  to  Bourg,  at  which 
place  the  Garonne  debouches.  This 
river  rises  in  the  Pyrenees,  and  at  Tou- 
louse is  a  stream  of  considerable  size. 
From  Toulouse,  in  an  opposite  direction, 
runs  the  canal  of  Languedoc,  which  en- 
ters the  Gulf  of  Lyons  near  Cette.  The 
accommodation  provided  for  boats  by  the 
Garonne  and  the  canal  is,  however,  very 
limited.  M.  Manier  proposes  to  con- 
struct a  great  ship  canal  which  should 
start  at  Bordeaux,  about  twenty  miles 
from  the  outfall  of  the  Garonne,  and 
run  thence  through  Agen,  Toulouse, 
Carcasonne,  Narbonne,  and  terminate  in 
the  Gulf  of  Lyons  somewhere  near  Nar- 
bonne.  The  length  of  the  canal  would 
be  from  Bordeaux  to  Agen  seventy 
miles,  from  Agen  to  Toulouse  sixty 
miles,    from    Toulouse     to    Carcasonne 


|  sixty  miles,  and  from  Carcasonne  to  the 
;  sea  thirty-five  miles.  The  entire  length 
of  the  work  would,  therefore,  be  not 
less  than  225  miles,  and  would  in  all 
probability  be  more,  because  an  approxi- 
mately straight  line  could  hardly  be 
maintained.  The  canal  would  be  300 
feet  wide  and  thirty  feet  deep  through- 
out. Taking  into  consideration  the 
great  length  of  the  work,  its  depth,  and 
its  width,  it  is  evident  that  M.  Manier's 
scheme  is  the  most  gigantic  of  its  kind 
that  has  ever  been  seriously  put  forward 
by  an  engineer.  It  is  difficult,  indeed, 
to  realise  the  magnitude  of  the  opera- 
tions contemplated,  while  it  is  impossi- 
i  ble  to  form  anything  more  than  an  ex- 
ceedingly rough  estimate  of  their  cost. 
We  are  unable  to  say  much  concern- 
i  ing  the  contour  of  the  ground  to  be  trav- 
;  ersed.  It  is  certain  'that  from  Toulouse 
J  to  the  Bay  of  Biscay  the  ground  falls 
!  continuously.  From  Carcasonne  the  in- 
cline is  in  the  opposite  direction  to  the 
Gulf  of  Lyons.  The  highest  point  in  the 
route  is  probably  reached  not  far  to  the 
south-east  of  Toulouse,  and  it  becomes 
apparent  that  unless  locks  are  construct- 
ed much  of  the  canal  would  have  to  be 
made  in  deep  and  impracticable  cuttings. 
It  is  almost  impossible,  however,  to  criti- 
cise M.  Manier's  scheme,  or,  indeed,  to 
deal  with  it  at  all  until  very  careful  sur- 
veys have  been  made  of  the  country  to 
be  traversed  right  and  left  of  the  pro- 
posed line  of  the  canal.  It  must  not  be 
assumed  that  because  the  Garonne  is 
navigable  for  small  craft  as  far  as  Agen, 
while  ships  of  considerable  dimensions 
can  reach  Bordeaux,  it  will  prove  in  any- 
way suitable  for  a  maritime  canal.  In- 
deed, it  is  quite  possible  that  such  diffi- 
culties might  be  encountered  in  straight- 
ening and  deepening  its  channel,  remov- 
ing rocks,  &c,  that  it  would  be  better 
and  cheaper  to  abandon  the  river  at 
once,  except  as  a  feeder,  and  construct  a 
totally  new  channel.  Nothing  is  more 
delusive  than  the  idea  of  utilizing  rivers 
in  the  formation  of  canals  ;  the  very 
presence  of  water  throws  great  difficul- 
ties in  the  way  of  attempts  to  modify 
the  bed  of  a  stream,  and  these   difficul- 
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ties  augment  with  the  dimensions  of  the 
river.  Even  if  we  take  for  granted  that 
the  Garonne  will  lend  itself  readily  to 
M.  Manier's  purpose,  this  would  take 
him  little  more  than  half  way  ;  for  the 
utilization  of  the  Languedoc  Canal  is,  of 
course,  out  of  the  question.  It  would  be 
simply  improved  off  the  face  of  the 
earth  if  it  were  touched  at  all.  It  may, 
however,  be  assumed  that  there  are  no 
obstacles  of  such  a  nature  that  they 
wTill  prevent  the  formation  of  a  naviga- 
ble canal  from  Bourdeaux  to  Narbonne 
— that  is  to  say,  no  mountain  range  has 
to  be  traversed  ;  a  furrow  has  not  to  be 
scooped  through  a  sandy  desert ;  no 
pestilential  marshes  have  to  be  crossed. 
The  climate  is  delightful  ;  the  supply 
of  labor  would  be  tolerably  abundant, 
and  the  quality  of  the  labor  very  fair,  j 
Materials  of  all  kinds  would  be  readily  \ 
accessible.  Nothing,  in  short,  stands  in  j 
the  way  of  the  construction  of  M. 
Manier's  canal  but  its  cost.  What  this 
would  be  it  is  impossible  to  say,  but  it 
cannot  fail  to  be  enormous.  What  j 
would  be  obtained  in  return  for  this  | 
outlay  ? 

It  is  clear  that  the  canal  can  only  be 
constructed  as  a  national  work,  or  as  a 
private  undertaking.  In  the  first  case 
indirect  returns  would  suffice,  and  profit, 
in  the  commercial  sense,  .  would  not 
necessarily  be  sought.  We  confess, 
however,  that  we  see  no  reason  why 
France  should  make  a  ship  canal  in  the 
way  proposed.  The  advantages  which 
she  would  derive  must  be  small,  so 
small  that  they  would  lack  national  im- 
portance. It  is  true  that  M.  Manier 
claims  that  his  canal  would  for  ever  free 
Southern  France  from  inundations,  on 
the  ground,  we  presume,  that  as  the 
Garonne  could  be  merged  and  lost  in 
the  ship  canal,  it  could  no  longer  over- 
flow its  banks,  and  this,  no  doubt,  would 
be  a  material  gain.  He  also  explains 
that  there  would  be  available  for  irriga- 
tion or  power  21,000,000,000  of  cubic 
yards  of  water  per  year.  We  venture  to 
think,  however,  that  these  statements 
have  not  the  solid  basis  of  fact  which 
would  alone  entitle  them  to  serious  con- 
sideration. The  flood  waters  now 
poured  into  the  Garonne  must  equally  be 
poured  into  the  canal,  and  they  may 
there  prove  a  source  of  serious  trouble 
and    perplexity.      The    existence    of  a 


strong  current  in  a  maritime  canal 
would  suffice  to  render  the  canal  useless 
for  its  intended  purpose,  to  say  nothing 
of  the  ruin  it  would  create  in  the  banks 
on  either  side.  Yet,  unless  a  sharp  cur- 
rent is  permitted  in  flood  time  to  trav- 
erse the  canal,  the  canal  must  be  made 
of  a  capacity  two  or  three  times  greater 
than  would  suffice  if  there  were  no 
floods.  There  is  no  escape  from  these 
difficulties.  Either  the  canal  will  be 
practically  independent  of  the  drainage 
of  the  country  which  it  traverses,  in 
which  case  it  will  not  prevent  inunda- 
tions ;  or  it  must  act  as  a  great  main 
drain,  in  which  case  water  will  run  at  a 
high  velocity  between  its  banks  in 
winter.  It  has  yet  to  be  proved,  in  a 
word,  that  it  is  possible  to  combine  the 
functions  of  a  river  and  of  a  ship  canal. 
As  regards  the  supply  of  water  for  irri- 
gation or  motive  power,  M.  Manier  is 
yet  more  obscure,  so  obscure  that  we 
have  no  means  whatever  of  criticising 
his  assertions.  At  the  best,  then,  it 
would  appear  that  the  only  national  ad- 
vantages France  could  gain  would  be 
the  prevention  of  inundations,  and  the 
supply  of  water  for  irrigation  or  power. 
This,  however,  will,  as  we  have  said,  in 
no  way  recoup  France  for  an  outlay  of 
many  millions.  If  we  consider  the  con- 
struction of  the  canal  as  a  private  specu- 
lation, it  is  all  but  impossible  to  arrive  at 
any  definite  conclusion.  As  regards 
local  traffic,  it  is  certain  that  the  canal 
could  not  compete  with  a  railway,  ex- 
cept, perhaps,  for  very  heavy  goods. 
But  we  have  yet  to  learn  that  any  traffic 
exists  between  the  different  towns  on 
the  route  of  the  canal  which  could  sup- 
ply more  than  an  infinitesimal  income. 
The  whole  profits  of  the  canal  must  then 
be  derived  from  the  tolls  levied  on  ships 
passing  from  the  Gulf  pf  Lyons  to  the 
Bay  of  Biscay  and  vice  versa;  and 
there  are  absolutely  no  reliable  data  as 
to  what  tonnage  would  pass  through  the 
canal  in  a  year.  The  canal  would  de- 
pend almost  entirely  on  England  for  its 
traffic.  M.  Manier  estimates  that  in 
1880  England  would  send  six  millions 
of  tons  through  it  ;  but  it  is  very  easy 
to  see  that  no  reliance  can  be  placed  on 
such  an  estimate,  for  the  simple  reason 
that  the  advantage  to  be  gained  would 
not  be  so  great  that  merchants  would 
consent  to  pay  a  high  tariff,  while  on  the 
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other  hand  a  high  tariff  might  be  essen- 
tial to  the  success  of  the  canal  as  a  mer- 
cantile speculation.  No  analogy  exists 
between  the  Canal  du  Midi  and  that  of 
Suez.  The  saving  effected  in  distance 
by  the  latter  is  a  question  not  of  hun- 
dreds but  of  thousands  of  miles,  and  the 
Suez  Canal  not  being  more  than  one- 
fourth  of  the  length  of  the  proposed 
French  canal,  a  tariff  of  one-fourth  the 
amount  required  to  maintain  the  French 
canal  would  suffice  to  defray  its  ex- 
penses.    It  is  unnecessary,  we   believe, 


to  pursue  the  subject  further.  We  have 
noticed  it  at  some  length,  because  it  is 
a  splendid  engineering  enterprise  ;  but, 
as  matters  stand,  it  is  simply  a  magnifi- 
cent dream.  Before  M.  Manier  can  ex- 
pect to  obtain  a  fraction  of  capital  he 
must  be  prepared  to  show  that  not  only 
can  the  Canal  du  Midi  be  made,  but  that 
it  can  be  maintained  and  worked,  we 
will  not  say  with  a  certainty  of  profit  ; 
but  he  must  at  least  convince  the  world 
that  a  fair  prospect  of  realizing  profit 
has  an  actual  existence. 


THE  CHEMICAL  TEST  OF  WATERS. 


From  the  "  Universal 

To  judge  of  a  water  for  drinking  pur- 
poses it  is  necessary  to  take  especially 
into  consideration  the  substances  which 
indicate  that  it  has  been  polluted  by  fec- 
ulent matter  ;  that  is  to  say,  by  organic 
matter  ;  ammonia,  nitrous  acid,  nitric 
acid,  chlorine  (arising  from  the  salt  which 
enters  into  our  food)  and  sulphuric  acid. 

The  report  of  the  Commission  ap- 
pointed by  the  municipal  council  of 
Vienna  to  take  into  consideration  the 
supply  of  water,  enumerates  the  condi- 
tions which  water  intended  for  the  use 
of  important  towns  ought  to  fulfill,  as 
follows  : 

1.  A  water  to  be  entirely  unobjection- 
able ought  to  be  clear,  pure  and  inodor- 
ous. 

2.  It  ought  to  contain  but  little  solid 
matter,  and,  moreover,  absolutely  no  or- 
ganized matter. 

3.  The  amount  of  alkaline  earths 
ought  not  to  correspond  to  more  than  18 
parts  of  lime  in  100,000  parts  of  water 
(0.18  grammes  C  a  O  (2.77  grams)  per 
litre). 

4.  The  compounds  directly  soluble  in 
water  ought  not  to  enter  but  to  a  small 
fractional  part  into  the  amount  of  saline 
matter.  The  nitrates  and  sulphates 
ought  not,  moreover,  to  be  found  in  it 
in  any  large  quantity. 

5.  The  chemical  composition  and  tem- 
perature of  the  water  ought  to  vary  but 
very  little  with  the  seasons. 

6.  All  influx  of  foreign  matter  ought 
to  be  avoided. 


Review  of  Mining." 

7.  It  is  only  water  from  a  fresh  spring 
which  satisfies  these  conditions  ;  and 
this  alone  is  fit  to  supply  water  for  drink- 
ing. 

8.  Water  suitable  for  industrial  pur- 
poses ought  to  fulfill  nearly  the  same 
conditions. 

9.  River  water  filtered  serves  for  man-, 
ufacturing  purposes  if  it  can  at  all  times 
be  obtained  pure  ;  but  it  cannot  be  used 
for  drinking',  since  it  does  not  fulfill  con- 
ditions 5  and  6. 

10.  All  water  that  is  inodorous  and 
which  does  not  contain  any  considerable 
quantity  of  putrid  matter,  will  serve  the 
purposes  of  watering  and  cleansing  the 
streets. 

According  to  Pettenkofer,  water  fit 
for  drinking  ought  not  to  contain,  in 
100,000  parts,  more  than  five  parts  of 
organic  matter  destructible  by  perman- 
ganate of  potassa  (50  milligrammes  per 
litre  corresponding  to  10  milligrammes 
k2  m?i2  o8=2.5  milligrammes  of  oxygen) 
and  Kubel  admits  only  from  3  to  4  parts. 
It  is  the  opinion  of  Almen  that  good 
water  ought  not  to  require  for  its  oxyda- 
tion  more  than  0.3  of  oxygen  for  100,000 
parts  of  water,  and  to  be  employed  for 
ordinary  purposes,  it  ought  not  to  require 
more  than  0.6  (l  part  of  oxygen  =  20 
parts  of  organic  matter).  These  last 
figures  are,  undoubtedly,  too  high,  or 
applicable  only  to  waters  of  turfy  soil. 
Reichardt,  admits  for  water  as  an  ali- 
ment only  from  2  to  4  milligrammes  of 
permanganate  per  litre._ 


THE   CHEMICAL   TEST   OF   WATERS. 


139 


In  the  bad  water  from  the  wells  at 
Dorpat,  Schmidt  has  often  met  with 
embryos  of  Distoma,  JBotryocephahis, 
&g.  Lersch,  maintains  what  might 
otherwise  have  been  doubted,  viz.,  that 
impure  water  often  propagates  the 
germs  of  helminthos,  especially  of  axa- 
rides,  tenias,  and  others  ;  the  infusoria 
and  similar  organisms  provoke  relaxa- 
tion. Following  Cohn,  water  which 
contains  green  flag  and  diatomus  is  free 
from  organic  matter  producing  azote  by 
decomposition,  those  organisms  not  being 
able  to  live  in  the  presence  of  such 
matter.  On  the  contrary,  water  which 
contains  monads,  bacteries,  and  in- 
fusoria, contains  azote  in  the  form  of 
organic  matter  in  fermentation  and  pu- 
trefaction. In  testing  water  microscopic 
researches  cannot,  then,  be  neglected. 

The  reports  of  the  commissions  of 
Vienna,  Berlin,  and  Carlsruhe,  make  it 
appear  that  the  nitrates  tend  to  diarrhoea. 
Muller  considered  tooVoo  of  nitrate  (40 
milligrammes  per  litre)  as  dangerous ; 
that  proportion  is  sufficient  to  enable  us 
to  discover  the  nitric  acid  by  means  of  a 
sulphate  of  iron  in  the  residuum  of  evap- 
oration of  10  cubic  centimetres  of  water. 
The  Commission  of  Vienna  admits  but 
4  milligrammes  ;  Keich  also  does  the 
same  ;  while  Frankland  goes  as  far  as  5 
milligrammes  of  azotes  19.2  :n\2  o.  =  22.5 
h  n  o3.  Ekin  has  proved  the  presence 
of  nitric  acid  in  water,  springing  from 
oolitic  beds  rich  in  fossil  remains.  Rain- 
water contains  as  much  as  13  milli- 
grammes per  litre  of  N"a  o3  ;  27  milli- 
grammes of  nitric  anhydride =31.5  mil- 
ligrammes hno3  =  7  milligrammes  n  = 
8.5  milligrammes  n  h3,  may  then  be  ad- 
mitted as  a  limit.  Reichardt  considered 
the  determination  of  ammonia  as  of 
little  importance,  and  Fleck,  attached  to 
it,  on  the  contrary,  a  special  importance. 
Ammonia  and  nitrous  acid  being  unques- 
tionably the  produce  of  putrefaction,  it 
is  reasonable  that  water  which  contains 
them  in  such  Considerable  quantities 
should  not  be  considered  as  drinkable. 

Reichardt  is  of  opinion  that  more 
than  8  milligrammes  of  chlorine  per  litre 
is  remarkable.  The  water  from  a  spring 
in  the  Thuringer-Wald  has  given  in  an 
analysis  1.5  to  2.1  milligrammes  of 
chlorine  ;  the  water  from  a  well  in  the 
vicinity  of  Hanover  contained  15  to  35 
milligrammes,  and  that  of  another  well, 


near  the  salt-works  of  Badenstadt,  56 
milligrammes.  We  may  consider,  from 
this,  35.5  milligrammes  of  chlorine 
(atomic  weight  expressed  in  milli- 
grammes) as  a  limit  for  Hanover. 

In  good  water  the  quantity  of  sulphu- 
ric acid  varies  from  2  to  50  milligrammes. 
Reichardt  considered  more  than  63  mil- 
ligrammes per  litre  as  dangerous,  the 
more  so  as  in  a  hygienic  point  of  viewy 
on  account  of  the  action  of  the  sulphates 
of  potassium,  sodium,  and  magnesium 
upon  the  constitution,  as  well  as  in  a 
manufacturing  point  of  view,-  on  account 
of  the  inconveniences  of  the  sulphate  of 
lime  and  magnesia,  80  milligrammes  of 
sulphuric  anhydride  =  98  milligrammes 
h2  s  o4  per  litre  (molecular  weight  ex- 
pressed by  milligrammes),  may  be  con- 
sidered as  a  limit  for  good  drinkable 
water. 

Johnson  says  :  "  It  is  very  clearly 
shown,  by  the  impurities  of  the  waters 
of  springs  and  rivers,  that  the  matter 
contained  in  those  waters  is  the  most 
favorable  to  the  wants  of  living 
creatures."  This  is  at  least  a  singular 
idea. 

Letheby  and  Wilson  give  it  as  their 
opinion  that  hard  water  is  clearer,  colder, 
contains  more  air  than  soft  water,  and  is 
less  capable  of  assimilating  itself  to  or- 
ganic substances  (?),  sustaining  the  life 
of  living  organisms  and  dissolving  iron 
and  lead.  In  a  physiological  point  of 
view,  calcareous  salts  preserve  living 
beings  from  several  injurious  influences. 
The  human  body  demands  a  certain 
quantity  of  phosphate  and  carbonate  of 
lime.  The  first  of  these  compounds  is 
furnished  in  sufficient  quantities  by  or- 
dinary food,  and  the  second  by  waters 
from  the  spring  and  the  river.  The  mor- 
tality of  large  towns  is  inversely  pro- 
portional to  the  hardness  of  the  water. 
The  average  hardness  of  the  water  of 
London  and  twenty-four  other  towns  of 
England  is  16°  English  ;  at  Edinburgh, 
Leith,  and  others  8°;  at  Dundee,  Glas- 
gow, &c,  from  1.3  to  3.8°.  In  the  towns 
of  the  first  group,  the  average  mortality 
is  from  21.9  per  thousand  ;  in  that  of 
the  second  group  24.9  per  thousand  ; 
and  in  that  of  the  third  26.1  per  thous- 
and. Water  at  6°  (=4.8°  German)  is 
suitable  for  all  domestic  and  manufac- 
turing purposes.  Berlin,  in  spite  of  the 
hardness  of  its  water  (14°  to  61°)  has  a 
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mortality  of  38.9  per  thousand  ;  at 
Magdeburg,  the  mortality  is  about  33 
per  thousand,  although  the  hardness  of 
the  waters  is  from  2*7°  to  70°.  The  law 
laid  down  by  Letheby  and  Wilson  is  not, 
then,  of  general  application.  This  need 
not  astonish  any  one,  for  we  have  seen 
the  great  hardness  of  waters  in  the 
neighborhood  of  towns  arising  often 
from  their  being  strongly  polluted. 

Boussingault,  considers  lime  as  essen- 
tial to  water  for  drinking,  but  Friedle- 
ben  has  discovered  in  the  data  of  Bous- 
singault errors  of  calculation,  and,  cor- 
recting these,  he  has  arrived  at  an  oppo- 
site conclusion.  The  Commission  of 
Vienna  gives  the  preference  to  a  soft 
water  containing  a  maximum  of  0.18 
grains  of  lime  per  litre.  Reichardt  is  of 
the  same  opinion  ;  he  remarks,  mean- 
while, that  a  sample  of  water  from 
Muscheikalk,  pure  in  every  respect,  has 
given  in  a  test  23°  of  hardness.  Schmidt 
also  prefers  a  soft  water.  According  to 
Frankland,  it  is  the  general  opinion  in 
England  that  the  water  is  more  whole- 
some in  proportion  as  it  contains  a  less 
quantity  of  salts.  In  Brazil,  and  also  in 
China,  the  same  opinion  prevails  ;  so 
much,  indeed,  that,  according  to 
Staunton,  the  Chinese  of  high  rank 
drink  distilled  water.  Grahn  considers 
water  free  from  all  foreign  substances  as 
the  best,  and  then  he  adds,  that  distilled 
water  is  insipid  and  indigestible,  which 
last  remark  is  evidently  incorrect. 
Lersch  enumerates  a  great  number  of 
diseases  attributed  to  the  use  of  hard 
wTater. 

As  regards  the  salts  of  magnesia,  it 
may  be  positively  stated  that  the  water 
in  which  they  exist  in  a  considerable 
proportion  is  dangerous.  The  limits  of 
a  good  drinkable  water  may  be  fixed  at 
40  milligrammes  of  magnesia  and  112 
milligrammes  of  lime,  and,  consequently, 
16.8°  of  hardness. 

We  have  yet  to  consider  the  gaseous 
elements.  We  say,  in  general,  and  not 
without  reason,  that  water  agreeable  to 
the  taste  cannot  be  wholly  free  from 
oxygen  and  carbonic  acid  (the  latter 
under  the  form  of  bicarbonates)  ;  but 
these  elements  are  not  indispensable  to 
render  the  water  fit  for  use.  The  waters 
from  ordinary  wells  do  not  generally 
contain  the  carbonic  acid  in  a  free  state. 


A  good  water  to  be  drinkable,  ought 
then  to  fulfill  the  following  conditions  : 

1.  It  ought  to 'be  pure,  without  color, 
and  inodorous. 

2.  Its  temperature  ought  to  vary  only 
between  narrow  limits  with  the  seasons 
(6°  to  12°). 

3.  It  ought  to  contain  but  very  little 
organic  matter  and  absolutely  no  organ- 
ism. 

4.  It  ought  to  contain  neither  ammo- 
nia nor  nitrous  acid  ;  the  nitrates,  sul- 
phates, and  the  chlorides  ought  not  to 
exist  in  it  in  a  large  quantity. 

5.  It  ought  not  to  be  too  hard  ;  it 
ought  not  especially  to  contain  the  salts 
of  magnesia  in  a  considerable  quantity. 

The  following  quantities  of  different 
substances  per  litre  may  be  admitted  as 
limits  for  a  good  drinkable  water. 

Organic  matter  :  0.25  of  the  equiva- 
lent expressed  in  milligrammes  (40  mil- 
ligrammes =2  milligrammes  0  =  8  milli- 
grammes K2  H?Z2  08). 

Nitric  acid  :  6.5  of  the  equivalent  ex- 
pressed in  milligrammes  (27  milli- 
grammes K"2  o5=31.5  milligrammes  h  n 

o3). 

Chlorine  :  1  equivalent  in  milli- 
grammmes  (35.5  milligrammes). 

Sulphuric  acid  :  2  equivalents  ex- 
pressed in  milligrammes  (80  milli- 
grammes s  o3  =  98  mil]igrammes  na  s  o4). 

Magnesium  :  2  equivalents  expressed 
in  milligrammes  (24  milligrammes  m#= 
40  milligrammes  m  g  o). 

Calcium  :  4  equivalents  expressed  in 
milligrammes  (80)  milligrammes  c  a  = 
112  milligrammes  c  a  o)  ;  then  we  have 
16.8°  of  hardness. 

Under  certain  circumstances,  a  water 
containing  1  equivalent  of  nitric  acid,  2 
equivalents  of  chlorine,  and  8  equiva- 
lents of  lime,  may  be  considered  as 
drinkable.  It  is  evident  that  the  whole- 
some state  of  water  cannot  be  ascer- 
tained by  the  determination  of  only  one 
of  its  elements.  Of  two  samples  of  water 
which  have  been  equally  polluted  by 
feculent  matter,  one  may  contain  but 
little  organic  matter  while  the  other 
will  contain  a  large  amount,  the  latter 
will  have  a  weak  affinity  for  nitric  acid 
and  ammonia,  while  the  former  will  con- 
tain a  large  proportion  of  those  com- 
pounds ;  this  will  depend  upon  the 
nature  of  the  soil.  The  tests  made 
from  only  one  point  of  view,  such  as  de- 
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composition  by  nitric  acid,  by  Reich  and 
Goppelsroder,  that  for  organic  matter  by 
Almen,  or  the  microscopic  test  proposed 
by  Bischoff,  can  have  only  a  limited 
value. 

When  a  person  has  to  form  an  opinion 


of  a  water  it  is  often  an  assistance  to 
compare  it  with  water  taken  from  a 
spring  in  the  same  geological  formation, 
and  which  is  known  to  be  quite  free  from 
fecal  matter.  According  to  Reichardt, 
a  litre  of  water  contains  on  an  average  : 


In  Granite 

Organic 
matter. 
'..  15.7 

Nitric  Acid. 
..       0.0       .. 
..       0.5       .. 
..       0.2       .. 
..       2.3       .. 
. .     trace     . . 

Chlorine. 

3.3       . 

2.5 

3.7  . 
trace  . 
16.1       . 

Sulphuric 
acid. 
3.9       .. 
.       24.0       .. 
.       13.7       .. 
.  0  to  340 
.  1108.2       .. 

Lime. 
9.7 
50.4 
129.0 
140.0 
766.0 

Mag- . 

nesia. 

2  5 

In  Schist 

0.0 

7  3 

In  Muschelkalk 

9.0 

29.0 

In  Dolomite 

5.3 

65  0 

In  Gypsum 

trace 

..     122.5 

Lastly,  the  storage  and  conveyance  of 
water  has  to  be  considered,  especially  in 
the  case  of  leaden  pipes.  Lissauer  has 
discovered  that  the  protecting  layer, 
which  forms  itself  by  the  prolonged  con- 
tact of  the  water  with  the  lead,  does 
not,  till  after  one  week,  attain  sufficient 
thickness  that  the  water  may  not  any 
longer  absorb  parts  of  the  metal.  The 
injurious  action  of  the  leaden  pipes  has 
not  yet  been  completely  elucidated. 

Water  from  marshes  has,  for  a  long 
time,  been  acknowledged  as  entirely  un- 
suitable for  drinking.  The  Koran  rep- 
resents the  use  of  stagnant  water  for  a 
beverage  as  one  of  the  modes  of  pun- 
ishment in  the  other  world. 

It  is,  then,  spring  waters,  and  waters 
from  sand  not  soiled  with  animal  matter, 
which  satisfy  the  conditions  of  a  good 
drinkable  water.  It  is  evident  that  of 
all  the  waters  of  the  city  of  Hanover, 
the  analyses  of  which  have  given  the 
most  favorable  results,  not  one  may  be 
cited  as  good,  and  very  few  are  passable. 
No  plan  for  a  supply  of  water  has,  for 
years,  been  proposed,  which  is  sufficient 
to  remedy  this  state  of  things. 

In  judging  of  water  intended  for  the 
supply  of  boilers,  it  is  necessary  to  take 
into  consideration — 

1st.  Matter  forming  incrustations 
which  are  dissolved  in  the  state  of  bi- 
'carbonates,  and  are,  for  the  most  part, 
precipitated  by  heat  in  the  form  of 
simple  carbonates,  as,  for  example,  car- 
bonates of  lime  and  magnesia  of  variable 
hardness.  Chevalet  and  A.  W.  Hoff- 
mann say,  that  in  a  litre  of  water  0.034 
grammes  of  carbonate  of  lime,  and 
0.106  grammes  of  carbonate  of  mag- 
nesia remain  in  solution. 

2d.  Matters  almost  insoluble,  which 
are,   in   consequence,   separated  by   the 


evaporation  of  the  water.  We  may 
cite  gypsum  as  an  example  of  this  kind. 
Helm  discovered  in  the  water  of  Prang- 
enau,  sulphates  of  sodium  and  potassa, 
but  not  of  gypsum  ;  lime  and  magnesia 
existed  only  in  the  form  of  carbonates. 

In  treating,  therefore,  the  sulphuric 
acid  as  a  sulphate  of  lime,  and  represent- 
ing the  remainder  of  the  calcium  as  a 
carbonate,  a  false  result  would  be  ob- 
tained. It  is  here  that  we  ought  to  de- 
termine the  quantity  of  crustaceous 
matters  which  can  be  separated  by  heat 
or  lime,  and  in  what  proportion  they 
exist.  These  being  found  in  the  form  of 
sulphates  must  be  separated  by  sodium, 
&c. 

I  cannot  comprehend  that  assertion 
that  t*he  springs  of  Fischborn,  near 
Frankfort,  contain,  in  100,000  parts, 
0.24  of  sulphuric  acid,  combined  with 
lime,  and  0.59  of  soda,  combined  with 
chlorine  and  carbonic  acid  ;  that  is  to 
say,  of  carbonate  of  soda  and  of  sul- 
phate of  lime  at  the  same  time.* 

For  water  for  manufacturing  purposes 
and  domestic  use,  the  capability  of  re- 
taining organic  matter  is  much  less  im- 
portant than  that  of  salts  of  lime  and 
magnesia,  that  is,  the  hardness  of  the 
water.  Soft  water  is  necessary  for  boil- 
ing vegetables,  especially  the  hard  lu- 
guminous  kind  ;  also  for  the  preparation 
of  tea  and  coffee  ;  and  for  washing  (100 
litres  of  water,  30°  of  hardness,  decom- 
posing 360  grammes  of  soap),  scouring 
silk,  for  manufacturing  paper,  for  tan- 
neries, dye-works,  and  for  factories  of 
paste,  &c. 

It  is  maintained  that  the  excellence  of 
the  Vienna  beer  is  principally  due  to  the 
use  of  soft  water  ;  the  English,    on    the 


*  It  is  not  impossible  if  the  soda  is  in  the  form  of  a  bi- 
carbonate. 
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contrary,  declare  that  the  gypsum  con- 
tained in  the  water  of  the  Trent,  is  nec- 
essary for  the  preparation  of  Burton  ale, 
so  celebrated  throughout  the  world. 
When  the  water  does  not  contain  gypsum 
it  is  added,  in  consequence  of  the  fer- 
ment not  being  fully  developed  except 
in  water  containing  gypsum.  A  strong 
fermentation  may  be  moderated  by  a 
larger  addition  of  gypsum  ("  Bier- 
brauer,"  iv,  71,  in  which  volume  some 
remarks  are  also  given  upon  the  injuri- 
ous effects  which  organic  matter,  am- 
monia, &c,  produce  in  the  manufacture 
of  beer).     The  alkaline  salts,  which  are 


very  soluble,  also  the  chlorides,  which 
liquefy  calcium  and  magnesium,  render 
walls  humid,  detach  the  plastering, 
and  spoil  the  tapestry  ;  a  plastering  im- 
pregnated with  saltpetre  is  irremedia- 
ble. 

A  person  may  say  that  the  hardness  of 
water  is  not  to  be  taken  into  considera- 
tion in  the  construction  of  buildings  ; 
but  water  abounding  in  chloride  and  ni- 
trate ought  never  to  be  employed  for 
that  purpose. 

It  is  scarcely  possible  to  point  out  the 
limits  in  which  waters  are  suitable  for 
domestic  and  manufacturing  purposes. 


DOUBLE-ENDED  SHIPS  OF  WAR. 


From  "The  Engineer." 


When  ships  are  so  constructed  that 
bow  and  stern  become  interchangeable 
terms,  and  it  is  a  matter  of  indifference 
which  extremity  goes  first,  they  are  said 
to  be  "double-ended."  Why  we  shall 
not  attempt  to  say.  The  most  familiar 
examples  of  this  type  are  to  be  found 
among  the  fleet  of  passenger  steamers 
which  navigate  the  Thames  above  Lon- 
don Bridge.  In  the  United  States  ves- 
sels of  great  size  constructed  in  this 
way  are  used  as  ferry  boats  ;  but .  the 
Bessemer  is,  perhaps,  the  largest  double- 
ended  boat  ever  built.  The  type  is  by 
no  means  unknown  to  naval  architects, 
and  these  gentlemen  understand  very 
clearly  what  are  the  best  lines  that  can 
be  given  to  craft  of  this  kind.  It  is 
hardly  necessary  to  say  that  it  is  impos- 
sible to  so  form  a  double-ended  ship  that 
she  can  be  propelled  at  a  given  velocity 
with  as  little  power  as  would  suffice  if 
she  was  built  on  ordinary  lines.  But 
when  due  care  is  exercised  to  obtain  a 
favorable  result,  a  very  high  speed  may 
be  got  from  a  double-ended  ship  without 
-an  extravagant  consumption  of  fuel.  In 
other  words,  although  the  type  is  not 
that  best  adapted  for  speed,  there  is  no 
inherent  defect  in  it  which  renders  the 
attainment  of  a  reasonably  high  veloci- 
ty, with  a  moderate  expenditure  of 
power,  impossible.  As  regards  sea-going 
qualities,  such  as  steadiness  and  dryness, 


a  double-ended  ship  can  be  built  which 
will  be  equal  in  most  respects  to  any 
ordinary  vessel.  In  a  word,  while  we  do 
not  dispute  that  double-ended  ships  have 
certain  disadvantages  important  enough 
to  prevent  their  extended  adoption,  we 
maintain  that  these  defects  are  in  no 
sense  so  grave  as  to  prohibit  the  employ- 
ment of  the  type  when  circumstances 
warrant  a  departure  from  ordinary  prac- 
tice. 

It  is  a  somewhat  remarkable  fact  that 
among  all  the  designs  for  war-ships 
which  have  been  discussed  by  British 
Admiralty  Boards,  the  double-ended 
type  has  been  totally  neglected.  As  we 
do  not  possess  access  to  the  pigeon-holes 
of  Whitehall — the  limbo  to  which  the 
rejected  communications  of  the  outside 
world  are  relegated — we  are  unable  to 
say  whether  designs  for  double-ended 
war-ships  have  or  have  not  been  submit- 
ted to  the  Admiralty  ;  but  whether  they 
have  or  have  not,  it  is  at  least  certain 
that  the  construction  of  a  ship  of  the 
type  on  a  large  scale  has  never  been 
seriously  discussed.  The  only  vessel  of 
the  kind  in  the  British  navy  is  the  little 
Waterwitch.  A  proposal  to  build  such 
a  ship  has  not  found  its  way  into  any 
Blue-book  or  published  official  document; 
and  so  far  as  we  are  aware,  this  is  the 
first  occasion  on  which  the  construction 
of  a  large  sea-going  double-ended  iron- 
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clad  ship  has  ever  been  suggested  in  a 
journal.     We  are  aware  that  a  thousand 
objections  may,   and    probably  will,  be 
urged  against  the  idea  ;  but  we  venture 
to  assert  that  the  more  carefully  the  sug- 
gestion is   considered,  the   smaller  will 
the  objections  to  it  become.     That  there 
are    objections   we    do    not    pretend    to 
deny  ;  but  if  it  can  be  shown  that  these 
objections  are  based  only  on  the  exist- 
ence of  defects  which  become  insignifi- 
cant under  the   given  conditions,  while 
very  important  advantages  are  obtained 
which  can  be  had  in  no  other  way,  we 
think  we  may  claim  to  have  made  out  a 
good  case  for  the  double-ended  ironclad. 
Now,  the  objections  to  the  double-ended 
system  are  that  the  form  is  unfavorable 
to  speed,  and  that  it  is  difficult  to  apply 
the  propelling  power  in  any  way  except 
by  paddle-wheels,  which  of  course,  can 
not  be  used  in  a  ship  of  war.     Very  few 
experiments  have  been   made   to  settle 
the  first  point.     It  is  true  that  the  fine 
lines  suitable  for  a  bow  are  not  the  rather 
full  lines  best  adapted  for  a  stern  ;  but, 
on  the  other  hand,  it  can  scarcely  be  de- 
nied that  these  very  fine  lines    are  far 
better  adapted   to  supply  a  screw  with 
water  than  are  the  lines  of  an  ordinary 
after  body.     Even  if  this  were  not  the 
case,  however,  it  remains  to  be  proved 
that  the  resistance  of  a  properly  design- 
ed double-ended  boat  is  really  seriously 
greater  than  that  of  a  properly  designed 
ship  of  the  usual  type.     For  the  purpose 
of    argument,    however,   we   may  grant 
that,  whereas  a  fast  ocean  steamer,  with 
a  displacement  of  5,000  tons,  will  attain 
a  speed  of  fifteen  knots  with  4,000  horse- 
power, a  5,000-ton  double-ended  ironclad 
will  only  attain   a  velocity  of  fourteen 
knots  with  the  same  power.     What  fol- 
lows ?    Are  we  to  assume  that  because 
the  form  of  our  double-ended  ship  is  so 
defective  that  she  steams  at  but  fourteen 
knots  instead  of  fifteen  knots,  she  is  to 
be  regarded  as  a  failure  ?     Such  an  argu- 
ment would  be   absurd.     It  is  open  to 
question   whether  it  would  be  possible, 
under  any  conceivable  circumstances,  to 
drive   Pop  off  k  a  or  circular  ironclads  at 
twelve  knots  an  hour  ;    but  there  is  no 
reasonable  doubt  that  double-ended  iron- 
clads could  be  built,  which,  other  things 
being    equal,   would    not    be  a  knot  an 
hour  behind  the  fastest  ironclads  in  the 
British  navy.     If  the  speed  of  such  ships 


was  limited  to  even  ten  or  eleven  knots, 
it  would  not  preclude  them  from  playing 
a  very  important  part  in  a  naval  engage- 
ment. The  objection  that  it  is  difficult 
to  supply  double-ended  vessels  with  in- 
struments of  propulsion  is  better  found- 
ed, and  deserves  more  consideration  than 
questions  of  relative  speed.  It  is  evident, 
however,  that  a  screw  may  be  fitted  in 
the  dead  wood  at  each  end,  and  that  the 
screw  for  the  time  being  working  at  the 
bow  will  not  be  much  worse  off  than 
that  at  the  stern  of  an  ordinary  ship.  It 
would  not  be  worse  off  at  all  were  it  not 
that  the  water  which  it  will  throw  astern 
must  run  along  the  sides  of  the  ship  and 
augment  skin  friction.  Having  regard 
to  the  fact  that  it  will  obtain  solid  water 
in  all  the  quantity  it  can  require,  it  will 
be,  in  one  sense,  much  more  efficient  than 
any  screw  working  at  the  stern  of  a  ves- 
sel can  be.  Apart  from  all  this.  Mr. 
Griffiths  may  be  able  to  combine  two 
screws  in  a  tunnel,  as  he  has  suggested, 
in  such  a  fashion  that  no  loss  of  power 
will  be  incurred.  It  is  obvious  tjiat  the 
engines  present  no  difficulties.  A  set  of 
boilers  about  amidships,  with  a  pair  of 
engines  forward  and  another  aft,  would 
drive  the  screws  independently  ;  and  a 
ship  so  fitted  would  have  the  advantage 
of  possessing  duplicate  propelling  me- 
chanism, so  that  if  one  screw  or  set  of 
engines  was  disabled,  the  other  would  re- 
main available.  We  think  we  shall  not 
claim  too  much  if  we  ask  our  readers  to 
admit  that  a  double-ended,  double-screw 
ship  can  be  built  which  will  be  able  to 
keep  her  station  with  any  save  one  or 
two  of  the  fastest  men-of-war  in  the 
world,  and  this  without  burning  so  much 
coal  that  she  will  have  to  seek  a  port 
before  any  of  her  consorts. 

The  advantage  possessed  by  a  double- 
ended  man-of-war  is  that  such  a  vessel 
would  possess  far  beyond  any  war  ship 
afloat  the  power  of  manoeuvring  ;  and 
while  she  would  be  quite  as  "  handy " 
and  as  easily  steered  as  any  other  class 
of  ship,  she  would  require  infinitely  less 
steering.  The  smartest  ironclad  afloat 
cannot  at  full  speed  be  turned  round  in 
much  less  than  six  minutes,  during  which 
time  she  will  traverse  nearly  a  mile.  A 
I  double-ended  ship  could  remain  within 
the  circle  thus  described  by  an  ordinary 
antagonist,  and  continually  keep  end  on 
to  her,   by  simply  moving  a  few  yards 
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ahead  and  astern  on  various  radii  or  di- 
ameters of  the  circle.  A  double-ended 
vessel,  again,  might  venture  into  a  har- 
bor or  channel,  certain  that  she  could 
get  back  without  turning  round  if  nec- 
essary, into  which  an  ordinary  vessel 
dare  not  enter.  If  she  attacked  and 
broke  the  enemy's  line  of  battle,  instead 
of  having  to  steam  away  and  lose  time, 
worth  millions  at  a  critical  period  in  a 
naval  action,  in  turning  round,  she 
would,  when  she  had  passed  the  enemy's 
ships,  be  in  a  position  to  repass  them  in 
the  opposite  direction  without  a  mo- 
ment's delay.  The  field  of  her  operations 
would  be  the  smallest  possible — a  matter 
of  incalculable  advantage  in  waters 
thickly  sown  with  torpedoes.  It  is,  how- 
ever, as  a  ram,  that  a  double-ended  ship 
would  possess  a  supreme  advantage.  If 
a  vessel  of  the  ordinary  type  misses  her 
blow  a  long  period  must  elapse  before 
she  can  get  the  chance  of  delivering 
another,  which  will  be  spent  in  turning 
round.  Not  so  with  the  double  ram. 
The  very  method  of  eluding  an  attack 
in  the  #irst  instance  adopted  by  a  foe 
may  leave  that  foe  helpless  against  a 
second  attack  from  a  vessel  which  has 
practically  no  limit  to  the  rapidity  with 
which  she  can  make  charge  after  charge. 
We  need  not  extend  our  arguments  in 
this  direction.  We  fancy  that  every 
naval  officer  will  see  at  a  glance  that  a 
double-ended  ironclad  would  be  all  but 
ubiquitous  in  a  naval  action,  the  shortest 
and  handiest  ships  ever  built  by  Mr. 
Reed  being  as  mere  logs  on  the  surface 
of  the  water  as  compared  with  a  ship 
which  never  required  to  be  turned 
round. 

It  will,  of  course,  be  argued  that  it  is 
impossible  to  make  a  double-ended  ram 
with  a  screw  and  a  rudder  at  each  end. 
This  has  to  be  proved,  and  we  do  not  be- 
lieve it  can  be  proved.  To  go  into  the 
reasons  which  lead  us  to  say  that  we  see 
no  insurmountable  difficulty  in  the  mat- 
ter would  be  out  of  the  question  here. 
We  are  not  writing  a  treatise  on  a  new 
type  of  ironclad,  but  simply  suggesting 
that  the  type  deserves  the  best  attention 
of  those  who  design  ships  of  war.  It 
will  suffice  to  say  here  that  rams  may  be 
so  constructed  that  they  may  be  used 
efficiently  without  endangering  screws 
far  behind  them,  that  it  is  not  essential 
that    such    steering    as   a   double-ended 


boat  would  require  in  action  should  be 
done  with  rudders,  and  that  even  the 
screw  might  be  dispensed  with.  The 
question  is  one  which,  for  the  present  at 
least,  may  safely  be  left  in  the  hands  of 
the  competent  naval  architects  who 
abound  in  England.  On  another  occa- 
sion we  may,  perhaps,  have  something 
more  to  say  on  the  subject. 


Lighthouse.  —  The    Dhu    Heartach 
Lighthouse  has  been  recently  completed 
upon  a  rock  off   the  Western  coast  of 
Scotland,  fourteen  miles  from  land.    The 
light   is    built    upon    a    trap-rock    two 
hundred  and   forty  feet   long,  and  one 
hundred  and   thirty  feet   broad,  which 
rises  about  thirty-five  feet  above  high- 
water  mark.     The   tower  is  in  form  a 
parabolic    frustum,    surmounted    by    a 
plain  cavetto,  abacus,  and  parapet,  the 
upper  course  of  which  is  one  hundred 
and    seven   and   a-half    feet  above   the 
foundation.     The  doorway  is  thirty -two 
feet  above  the  foundation.     Three  thou- 
sand one   hundred   and  fifteen  tons   of 
granite  have  been  used  in  the  construc- 
tion, one   thousand  eight   hundred  and 
forty  of  these  tons  being  used  for  the 
solid   base ;  the    stones    being    laid    in 
Portland  cement,  and  joggled  together 
with   cast   and   malleable   iron  joggles. 
Work  was  begun  in   1867  ;  but,  owing 
to   the   extreme   difficulty   of    effecting 
landings,   little    was    accomplished  ;   in 
1868    landings   were    effected    only   on 
thirty-eight    days,    and,   in    1869,    upon 
sixty  days.      Early  in  June,    1869,  the 
first  courses  of  the  foundation  were  laid  ; 
but,  even  though  cemented  and  joggled, 
a    gale    detached    more   than   a    dozen 
stones,  each  weighing  over  two  tons,  al- 
though  they  were  at  a  height  of  more 
than  thirty-five  feet   above  high  water 
mark.     All  the  cutting  and  fitting  was 
done   on    shore  ;  and  the   stones,    when 
properly  fitted,  were  placed  upon  light- 
ers, and  towed  out  to  the  rock.    In  1870, 
landings     were    effected    on    sixty-two 
days,  and,  in  1871,  on  thirty-seven  only. 
In  1872,   the   building   was   completed, 
and  the  light  put  in  :  this  is  one  hundred 
and  forty-five  feet  above  the  sea,   and 
can  be  seen  from  a  distance  of  eighteen 
nautical  miles.     The  cost  of  the  light- 
house,  exclusive  of  the  other  buildings  on 
the  mainland,  was  more  than  $357,000. 


ON   CONTINUOUS   BEIDGES. 


145 


ON  THE  THEORY  AND  CALCULATION  OF  CONTINUOUS 

BRIDGES. 

By  MANSFIELD  MERRIMAN,  C.  E.,  Ph.D.,  Instructor  of  Civil  Engineering  in  the  Sheffield  Scientific  School. 
Written  for  Van  Nostrand's  Engineering  Magazine, 

I. 


When  a  straight  bridge  consists  of 
several  spans,  each  entirely  independent 
of  the  others,  it  is  said  to  be  composed 
of  simple  girders.  If,  on  the  other  hand, 
it  consists  of  a  single  truss  extending 
from  one  abutment  to  the  other  without 
any  disconnection  of  parts  over  the  piers 
it  is  called  a  continuous  girder.  A  load 
placed  upon  any  span  of  a  continuous 
beam  influences,  to  some  extent,  each  of 
the  other  spans,  and  hence  its  complete 
theory  is  much  more  complex  than  that 
of  the  simple  one.  This  very  complexity 
however  has  rendered  the  subject  an  at- 
tractive one  to  mathematicians,  who, 
pursuing  science  for  science's  sake,  have 
investigated  the  laws  of  equilibrium 
which  govern  it.  These  laws  with  the 
many  beautiful  consequences  attending 
them  form  one  of  the  most  interesting 
chapters  of  mathematical  analysis,  and 
as  such  have  interest  and  value  inde- 
pendent of  their  application  in  engineer- 
ing art. 

It  is  the  object  of  the  present  paper  to 
present  in  as  simple  a  form  as  possible 
some  of  the  main  principles  and  laws 
most  needed  by  the  engineer,  and  to  il- 
lustrate their  application  as  fully  as 
space  will  permit  to  the  practical  de- 
signing of  continuous  bridges. 

Chapter  1. 

The  first  point  to  be  observed  in  con- 
sidering either  a  simple  or  continuous 
girder  is  that  all  the  exterior  forces 
which  act  upon  it  are  in  equilibrium. 
The  exterior  forces  embrace  the  weight 
of  the  girder  and  the  loads  upon  it  which 
act  downward,  and  the  pressures  or  re- 
actions of  the  supports  which  act  up- 
ward. In  order  that  these  may  be  in 
equilibrium,  it  is  necessary  that  the  sum 
of  the  reactions  of  all  the  supports  must 
be  equal  to  the  total  weight  of  the  girder 
and  its. load. 

Thus,  if  a  simple  girder  of  uniform 
section  and  weight  rest  at  its  ends  upon 
two  supports,  the  reaction  of  each  sup- 
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port  will  be  one-half  the  weight.  Exactly 
in  the  center  between  the  two  supports 
or  abutments,  let  us  suppose  a  pier  to 
be  placed  just  touching,  but  not  pressing 
against  the  beam,  which,  at  that  point, 
has  a  deflection  below  a  straight  line 
joining  the  two  abutments.  Then  the 
condition  of  things  is  in  no  way  altered, 
for  the  weight  being  W,  each  abutment 
reacts  with  a  force  j-W,  while  the  pier 
bears  no  load.  Raise  now  the  pier  so  as 
to  lift  the  girder  above  the  line  of  de- 
flection and  it  receives  a  part  of  the 
weight  W,  while  the  reactions  of  the 
abutments  become  less  than  ^W.  If 
the  pier  be  raised  higher  and  higher,  it 
will  at  length  lift  the  girder  entirely 
from  the  abutments  and  bear  itself  the 
whole  loadW.  In  every  position,  how- 
ever, the  sum  of  the  reactions  of  the 
three  supports  is  equal  to  the  total  load. 
For  example,  when  the  three  are  on  the 
same  level  it  may  be  shown  that  the  re- 
action of  each  abutment  is  -h  W,  and 
that  of  the  pier  \%  W. 

This  illustration  shows  also  that  small 
differences  of  level  in  the  supports  occur- 
ring after  the  erection  of  a  bridge  cause 
large  variations  in  the  reactions  of  its 
supports  and  in  the  strains  in  its  several 
parts.     A  simple  girder  having  a  deflec- 
tion of    one   inch,  would,  if  raised  one 
and  three-fifth  inches  at  the  center,  be 
entirely  lifted  from  the  abutments.     In 
the  first  case  the  upper  fiber  would  be  in 
compression,  the  lower  in  tension;  in  the 
second  case,  the  upper  would  be  in  ten- 
sion, the  lower  in  compression.      If  the 
center  were  raised  only  one  inch,  the  re- 
versal would  be  only  partial,  the  upper 
fiber  becoming  subject  to  tension  for  a 
short  distance  on  each  side  of  the  mid- 
dle.    This  fact  often  used  as  an  argu- 
ment against  continuous  bridges,  is  really 
an   objection    only  when  the   piers   are 
liable  to  settle  after  erection.   Differences 
of  level,  previously  existing,  do  not  act 
prejudicial  when  the  bridge  is  built  upon 
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the  piers,  and  with  a  profile  correspond- 
ing to  them. 

The  mathematical  theory  of  the  con- 
tinuous girder  enables  its  reactions  and 
internal  strains  to  be  found  for  any  as- 
sumed levels  of  the  supports,  provided 
only  that  the  differences  of  level  are  very 
small  compared  with  the  length  of  the 
spans.  However  interesting  such  inves- 
tigations may  be  in  themselves,  they  are 
of  little  importance  in  practice,  since  it 
has  been  shown  that  when  all  the  points 
of  support  are  on  the  same  level,  the 
greatest  economy  of  material  results.* 
In  all  that  follows,  then,  we  shall  regard 
the  girder  as  resting  on  level  supports, 
or,  what  is  the  same  thing,  that  it  was 
built  with  a  profile  corresponding  to  that 
of  the  piers. 

The  loads  upon  a  bridge  and  the  reac- 
tions of  the  supports  are  external  forces. 
The  equilibrium  between  them  is  main- 
tained by  means  of  ititemal  forces,  which, 
in  a  framed  truss,  are  transmitted  longi- 
tudinally along  the  pieces  as  strains  of 
tension  and  compression.  When  all  the 
external  forces  are  known,  these  internal 
forces  or  strains  can  he  readily  found. 
This  very  important  point  we  shall  now 
proceed  to  illustrate. 

Fig.  1  represents  a  portion  of  a  con- 

Fig.l. 
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tinuous  girder;  the  first  span  on  the  left 
is  called  lx,  which  also  represents  its 
length,  the  second  l2,  the  third  l3,  etc.; 
in  like  manner,  the  supports  beginning 
on  the  left  are  designated  by  the  indices 
1,  2,  3,  etc.,  and  their  reactions  by  R1} 
R2,  R3,  etc.  Let  the  load  per  linear  unit 
be  w,  supposed  uniformly  distributed, 
then  the  weight  of  the  first  span  will  be 
w  lx,  of  the  second  w  l3i  of  the  third  to  £„ 
etc.  If  there  are  four  spans  the  total 
weight  will  be 

w  lx  +  w  l%  +  w  l3 + w  lA 

and  from  the  fundamental  idea  of  equili- 
brium, we  must  have  the  equation 

R1+Ra  +  R,  +  R4  +  R6=«>  &+.J.H  +  0 
Each  of  the  reactions  is  then  a  fraction- 

*  Weyrauch  ;  Theorie  der  continuirlichen  Trdger,  p.  129. 
Winkler ;  Lehre  der  Elasticitdt,  p.  155. 


al  part  of  the  total  load,  and  by  methods 
hereafter  to  be  explained,  their  values 
may  be  readily  computed,  whatever  be 
the  number  of  spans.  Granting  for  the 
present  that  they  may  be  found,  let  us 
inquire  how  we  may  obtain  the  internal 
forces  or  strains  in  any  part  of  the  gir- 
der. 

In  the  span  l3  let  a  vertical  plane  be 
passed,  cutting  the  beam  at  a  point 
whose  distance  from  the  support  3  is  x*. 
All  the  internal  forces  acting  in  this  sec- 
tion may  be  considered  as  resolved  into 
two  components,  one  vertical  and  the 
other  horizontal.  The  sum  of  all  the 
vertical  components  is  a  force  which  pre- 
vents the  two  parts  of  the  beam  from 
shearing  asunder,  and  is  called  the  shear 
for  that  section  ;  the  horizontal  compo- 
nents acting  in  parallel  planes  are  the 
resisting  strains  of  tension  and  compres- 
sion in  the  horizontal  fibers,  and  the  sum 
of  their  moments  with  reference  to  any 
point  in  the  section  is  called  the  moment 
of  resistance,  or  simply  the  moment  for 
that  section.  The  internal  strains  in  any 
section  are  thus  completely  represented 
by  the  shear  and  moment.  For  example^ 
if  the  girder  in  Fig.  1  be  a  framed  truss 
of  which  Fig.   2  represents  the  span  lv 

Fig.  2. 
A H C  D  E        !    F  ft  h 


enlarged,  and  the  section  be  passed  cut- 
ting the  three  pieces  E  F,  F  e,  and  ef,. 
the  vertical  components  of  the  chord 
strains  will  be  zero,  and  that  of  the  di- 
agonal strain  eF  will  be  the  shear. 
Hence,  if  the  shear  be  known,  and  the 
angle  included  between  the  vertical  and 
a  diagonal  be  6,  we  have  only  to  multi- 
ply the  shear  by  sec.  6  to  find  the  strain 
in  the  diagonal.  Again,  let  the  section 
be  moved  to  the  left  so  as  to  pass  through 
the  point  e,  and  let  that  point  be  taken  as 
the  center  of  moments.  Then  the  mo- 
ment of  resistance  will  be  the  moment 
of  the  chord  strain  E  F.  Hence,  if  that 
moment  be  known,  we  have  only  to  di- 
vide it  by  the  depth  of  the  truss  to  get 
the  strain  in  E  F. 

The  internal  shear  and  moment  at 
any  section  are  easily  found  from  the 
fundamental  conditions  of  statical  equili- 
brium.     The    shear    being    an   internal 
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vertical  force  is  the  resultant  of 
the  exterior  vertical  forces  on  either 
side  of  the  section.  The  exterior  forces 
on  the  left  of  the  section,  for  instance, 
have  for  a  resultant  their  algebraic  sum  ; 
considering  the  upward  forces  as  posi- 
tive, and  the  downward  ones  as  negative 
we  have  from  Fig.  1,  their  sum 

8=Rl—wl1-\-H2—tol2  +  'R2—wx 
as  the  expression  for  the  shear  in  the 
section  x.  To  get  the  internal  moment 
for  the  same  section,  Ave  have  only  to 
consider  in  like  manner  that  it  is  equal 
to  the  sum  of  the  moments  of  all  the  ex- 
terior forces  on  either  side  of  the  section, 
for  if  otherwise,  there  would  be  a  ten- 
dency to  rotation.  The  moment  of  the 
force  Ri  with  reference  to  x  is  R, 
ft  +  l2  +  x) ,  of  R2  is  R2  ft  +  x) ,  of  the  load 
w/l5  iswl,  (i^, +  £,  +  &),  etc«  Thus  from 
a  mere  inspection  of  Fig.  1  we  write  the 
value  of  the  moment  M,  regarding  those 
moments  as  positive  which  cause  a  ten- 
sile strain  in  the  upper  fiber  at  x,  and 
those  as  negative  which  cause  a  compres- 
sive one.     The  expression  is 

M=  -U1(^  +  l2  +  x)-\-wl1(^ll  +  l2  +  x)- 
R2  (la  +  x)+wl2(il2  +  x)—'R2x  +  wx.%x 

Now  in  these  expressions  for  the  in- 
ternal shear  S  and  the  moment  M  at  any 
point  x,  the  lengths  £,,  l„  x  are  given  by 
the  conditions  of  the  case  in  hand,  and 
the  same  is  true  of  the  load  per  linear 
unit  w.  Hence  the  shear  and  moment, 
and  consequently  the  internal  strains  are 
easily  obtained  as  soon  as  the  reactions 
of  the  supports  are  known.  We  shall 
hereafter  give  methods  by  which  the  re- 
actions may  be  readily  determined. 

By  the  same  reasoning  if  we  pass  a 
section  in  the  span  l2,  (Fig.  1)  at  a  point 
whose  distance  from  the  support  2  is  x9 
the  shear  S  and  the  moment  M  for  that 
section  will  be 

S=R  — w  ^-f  R2— wx 

M=  — R:  ft  +  x)  +  w  lx  (i  lx  +  x) 

-R2a3+  — 

In  a  simple  girder  whose  length  is  lv  and 
each  of  whose  reactions  is  R  or  -J-  w  I  the 
shear  and  moment  for  anv  section  x  will 
be 

&=Tl—wx=io  (il—x) 

,,  -^  to  X*      w   ,      _ 

M=-Rs+— =2  (-lx  +  x>) 


When  the  number  of  spans  is  large, 
the  expressions  for  the  shear  and  moment 
as  above  deduced  become  long  and  in- 
volve much  arithmetical  computation. 
We  are,  however,  fortunately  able  to 
place  them  under  a  much  simpler  form. 
First  they  may  be  written  thus 

S  =  (R1—wl1  +  'R2  —  wl2  +  'Ra)—wx 

m=[-r1  ft+y+*^(u+y-iU+ 

4  w  F]-(R-w  I,  +K-w  Z2  +  R>  + 
iwx* 

'Now(R1—wl1  +  Ra—w/2  +  R3)isthe 
shear  in  the  span  l3  at  a  point  infinitely 
near  to  the  support  3  ;  let  this  be  called 
S3.  Also  the  quantity  enclosed  in  [  ]  in 
the  second  equation  is  the  moment  of 
the  exterior  forces  with  reference  to  the 
point  3  ;  let  this  be  called  Ms.  Then  the 
equations  become 

S=S3— wx 
M=M3-S3£c  +  -iw<c2 

Therefore  the  internal  shear  and  mo- 
ment at  any  section  can  immediately  be 
found,  without  the  necessity  of  determin- 
ing the  reactions,  provided  roe  knoio  the 
shear  and  the  moment  for  the  preceding 
support.  This  method,  due  to  Clapeyron, 
of  using  the  moment  at  the  supports  in- 
stead of  the  reactions  greatly  simplifies 
the  numerical  computations  of  a  continu- 
ous truss.  We  designate  the  moment  at 
3  by  M3,  the  reaction  being  R3,  or  the 
sum  of  the  shear  S3,  in  the  span  l3  and 
of  the  shear  S'2  in  the  span  1 2  both  infi- 
nitely near  to  the  support  3.  In  like 
manner  the  moments  at  the  supports  2 
and  4,  will  be  designated  by  M2  and  M  , 
the  shears  just  to  the  right  of  those 
points  by  S2  and  S4,  and  those  to  the  left 
by  S'j,  and  S'8.  In  general  for  any  sup- 
port whose  index  is  n,  we  have  (Fig.  3) 


Fig.  3. 
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on  the  left,  the  span  ?n_i,  on  the  right  the 
span  ln  ;  the  shear  infinitely  near  to  n 
on  the  left  is  S'n_i,  on  the  right  Sn  ;  the 
sum  of  S'n  —  i,  and  Sn  makes  the  reaction 
Rn  ;  and  the  moment  over  the  support 
is  Mn.  If  the  load  be  uniform  and 
equal  to  w  per  linear  unit,  the  internal 
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shear  S  and  moment  M  for  any  section  x 
are  given  by 

S=Sn  —  wx 

M=Mn—  Snaj  +  ^  wx* 

To  find  then  the  internal  strains  in 
the  diagonals  of  a  continuous  truss  due 
to  dead  load  only,  we  have  to  pass  a 
section  cutting  each  diagonal  and  find 
the  value  of  S,  this  is  the  shear  which 
the  strain  in  the  diagonal  must  resist 
and  multiplied  by  sec.  6  (6  being  the  in- 
clination of  the  diagonal  to  the  vertical,) 
it  gives  the  required  strain.  To  find  the 
strains  in  the  upper  chord  we  have  to 
take  the  lower  chord  apices  as  centers 
of  moments  and  compute  the  values  of 
M  ;  these  divided  by  the  depth  of  the 
truss  give  the  strains,  which  are  tensile 
if  M  is  positive,  compressive  if  M  is  neg- 
ative. To  find  the  lower  chord  strains, 
we  choose  the  upper  apices  from  which 
to  measure  the  values  of  x,  and  divide 


Shears 

Coefficients  of  wl, 


the  resulting  values  of  M  by  the  depth 
of  the  truss  ;  if  M  is  positive  these  give 
compressive  strains  ;  if  negative,  tensile 
ones. 

Everything  is  thus  known,  except  the 
shears  and  moments  at  the  supports,  and 
for  these  formulae  and  methods  will  be 
presented  in  Chapter  II,  by  which  they 
may  be  found  for  all  cases.  We  give 
here,  however,  two  tables  from  which 
they  may  be  found  for  the  common 
case  when  all  the  spans  are  equal,  and 
which,  by  a  simple  law,  may  be  extend- 
ed to  include  any  number  of  such  spans. 

As  before,  let  w  be  the  uniformly  dis- 
tributed load  per  linear  unit;  let  I  be  the 
length  of  each  span,  then  will  w  I  be  the 
weight  of  one  span.  The  shear  at  any 
support  is  a  fractional  part  of  w  I,  or 

Shear = A  w  I 

A  being  a  fraction  given  in  the  follow- 
ing triangle  : 


M>.  of  spans 
1 


Each  of  the  squares  composing  this 
triangle  represents  one  of  the  supports, 
and  its  left  hand  division  gives  the  left 
hand  shear  S'n_i,  and  the  right  hand  one 
the  shear  Sn  (Fig.  3).  Thus,  in  the  gir- 
der of  three  spans,  the  triangle  shows 
that  the  first  support,  beginning  at  the 
left,  has  on  the  left  no  shear,  and  on  the 
right  Yd  w  /,  that  the  second  support  has 
on  the  left  a  shear  of  ^0  w  £,  and  on  the 
right  one  of  {b  w  l-  Tne  sum  °f  the  two 
shears  for  any  supports  is  of  course  its 
reaction.     For  example,  a  girder  of  six 


equal  spans  has  at  its  middle  support  a 
reaction  of  { of  w  I. 

The  moment  at  any  support  will  be  a 
fractional  part  of  w  l2,  or 

Moment  =  ~Bwl^ 
B  being  a  fraction  given  in  the  following 
triangle  ;  in  which  like  the  preceding 
one  the  spaces  indicate  the  supports  of 
the  girder.  Thus,  the  fourth  horizontal 
line  refers  to  a  girder  of  four  spans,  the 
moments  at  the  first  and  last  supports 
being  0,  at  the  second  and  fourth  -A  w  l* 
and  at  the  middle  one  A  w  P. 
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No.  of  spans 


Moments 

Coefficients  of  wl 


The  triangles  can  be  extended  to  any 
required  length  by  the  application  of  the 
following  law  which  obtains  in  all  oblique 
columns.  Any  fraction  belonging  to  an 
even  number  of  spans,  may  be  obtained 
by  multiplying  both  numerator  and  de- 
nominator of  the  preceding  fraction  by 
two  and  adding  the  numerator  and  de- 
nominator of  the  fraction  preceding  that. 

33 
Thus  for  eight  spans,  the  fraction 


388 


is  equal  to 
2X12  +  9 


2X11  +  11 
2X142  +  104 


or  to 


104>  according  as  we  use  one 
oblique  column  or  the  other.  For  an  odd 
number  of  spans,  any  fraction  is  found 
by  adding  the  two  preceding  fractions, 
numerator  to  numerator  and  denomina- 
tor to  denominator.  Thus  for  seven 
spans, 

12         8  +  4  12         9  +  3  ' 

142      104  +  38        142~~104  +  38 

These  tables*  furnish  the  data  for  solv- 
ing all  questions  concerning  continuous 
girders  whose  supports  are  on  the  same 
level,  whose  spans  are  all  equal,  and 
which  are  loaded  uniformly  throughout 
their  entire  length.  The  reader  should 
first  acquire  facility  in  the  use  of  the 
tables.  We  give,  therefore,  a  few  ex- 
amples for  practice  : 

1.  In  a  girder  of  six  spans,  what  is  the 
reaction  at  the  second  support  ? 

*  These  triangles  were  first  given  by  the  author  in  the 
Journal  of  the  Franklin  Institute  for  March,  1875.  A  de- 
monstration of  the  laws  governing  them  may  be  seen  in 
the  same  Journal  for  April,  1875. 


A  TD  118  7 

Ans.  R2=—  w  I 


2.  In  one  of  eight  spans,  what  is  the 
reaction  at  the  middle  support  ? 


Ans. 


R  — -—  w  I. 

6     388 


3.  In  one  of  ten  spans,  what  is  the  mo- 
ment over  the  fourth  support  from  the 
left? 

Ans-  u*=m8wlt' 

4.  In  one  of  seven  spans,  what  are  the 
shears  S2  and  S'a  ?     (see  Fig.  3.) 


Ans.  S„ 


_75 

142 


wl 


•i-S-' 


5.  In  one  of  six  spans,  what  is  the  mo- 
ment M.  and  the  shear  S.  ? 


11 


63 


Ans.  M6=— -  wT     S=~wl\ 
6      104  6     104 

Having  thus  found  from  the  triangles, 
the  moment  MD  and  the  shear  Sn  for  the 
^tb  support,  the  shear  S  and  the  moment 
M  for  any  section  in  the  nth  span  are 
readily  found  from  the  formulae 

S=Sn  —  wx 
M=Mn  —  Sna?  +  i  wx* 
which  we  have  demonstrated  above,  and 


Fig.  3. 
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in  which  x  is  the  distance  from  the  sup- 
port n  to  the  assumed  section.      If  in 
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these  x  be  made  equal  to  I,  they  will,  of 
course,  give  the  shear  S'n  at  the  left  of 
the  n-\-lth  support,  and  the  moment 
Mn+i  oyer  that  support.  We  will  illus- 
trate their  use  by  a  few  examples  : 

6.  In  a  continuous  girder  of  three 
spans,  what  is  the  shear  and  the  moment 
at  the  center  of  the  middle  span  ? 

We  have  from  the  table  Sa=  —  wl  and 

2      10 
Hence 

S= —  w  l—wx 
10 

1  5 

M=—  wl*——w  lx+iwx* 

and  placing  x  equal  to  J  /,  we  have 

s=o   M=-^-wr 

40 

7.  In  a  girder  of  six  spans,  find  the 
shear  and  moment  at  the  center  of  the 
second  span? 

An,  8=^1     U=-£-s«P 

8.  In  one  of  four  spans,  what  is  the 
shear  and  moment  in  the  third  span  for 
x=\  I  and  23= j  I? 


Ans.     S: 


M: 


__3_ 
"14 

224 


w  I 


and  S=—  — -wl 
14 


w  r  and  M: 


224 


wl\ 


In  computing  a  framed  truss  we  need 
to  find  the  value  of  S  for  a  section  cut- 
ting every  diagonal  and  that  of  M  for 
one  passing  through  each  panel  apex, 
from  these  we  readily  derive  the  strains 
in  the  webbing  and  chords  by  the  rules 
explained  above.  A  single  example  will 
render  the  whole  process  clear.  (We 
here  treat  of  the  dead  load  only  ;  com- 
putations involving  the  live  or  rolling 
load  will  be  presented  hereafter.) 

Let  the  truss  represented  in  Fig.  2 
consist  of  seven  continuous  spans,  each 
sixty  feet  in  length.  Let  the  uniformly 
distributed  load  per  linear  foot  be  two 
hundred  pounds,  one  half  of  which  rests 
upon  the  upper  ehord  and  the  other  half 
upon  the  lower.  The  lower  chord  is  di- 
vided into  six  bays,  each  of  ten  feet,  and 
is  connected  with  the  upper  one  by  a 
Warren  system  of  diagonals.  The  depth 
of  the  truss  is  seven  feet.     Let  it  be  re- 1 


quired  to  compute  the  strains  in  all  the 

pieces  of  the  third  span,  due  to  this  dead 

load. 

We  first  take  from  the  triangles  for  a 

10 
girder  of  seven  spans,  S3=— —  wl     and 

11 
M=-—  wF.     We   have  for   our  case, 
3     142 

w=200  lbs.  and  l=Q0  feet.     Hence 

S3  =  5916  lbs.  andM3=55775  lbs.  ft. 

Inserting  these  and  the  value  of  w  in  the 
above  general  formula?,  we  have 

S=5916— wx 

M  =  557'75  — 5916  a?  +  100:«a 

as  the  value  of  the  shear  and  moment  for 
any  section  x. 

Now,  since  this  is  a  framed  truss,  and 
the  several  pieces  are  to  be   subjected 

Fig.  2. 
O  D  E       !    F  G  IT 


only  to  longitudinal  strains,  the  load 
should  not  be  strictly  uniformly  distrib- 
uted but  concentrated  on  the  upper 
chord  at  the  panel  points  B,  C,  etc.  and 
on  the  lower  chord  at  a,  b,  c,  etc.  Allow- 
ing that  each  of  these  points  receives  an 
equal  weight  and  that  a  and  g,  count  as 
but  one  point,  we  have  at  a  500  lbs.,  at 
g  500  lbs.  and  at  each  of  the  others  1000 
lbs.  In  finding  the  shear  for  the  diag- 
onal a  B,  we  pass  the  section  anywhere 
between  a  and  B  and  take  wx  as  500, 
for  B  b  wx  is  1500,  for  b  C  2500  and  so 
on  ;  these  subtracted  from  S3  give  the 
required  shears.  This  is  in  fact  nothing 
but  taking  the  algebraic  sum  of  all  the 
exterior  forces  between  the  left  hand  of 
the  truss  and  the  diagonal  under  consid- 
eration, for  S3  is  the  sum  of  those  forces 
from  the  left  end  to  the  beginning  of  the 
span.  For  the  diagonal  Fe  we  have,  for 
example, 


S=  5916  —  8500 


2584  lbs. 


Thus  by  successive  subtraction  we 
find  the  shears  for  all  diagonals.  Multi- 
plying them  by  the  secant  of  the  angle 
between  a  diagonal  and  the  vertical  or 

by  

Sec.  0=V26  +  49=I.229 
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and  we  have  the  required  strains.  To 
determine  their  character  we  have  simply 
to  consider  that  a  positive  shear  causes 

a   \         ensi  e.      y    strain  in  a  diagonal 
{  compressive  j  ° 

v,Mch  slopes  \ZZZid\  toward  the 
left  hand  support,  while  a  negative*  shear 
produces  the  reverse.  In  the  following 
table,  the  results  thus  determined  are 
recapitulated.  The  first  column  shows 
the  name  of  the  diagonal  corresponding 
to  Fig.  2,  the  second  gives  the  shears, 
the  third  gives  the  slopes,  +  indicating 
an  upward  inclination  toward  the  left, 
and  —  a  downward  one,  and  the  last 
column  gives  the  strains,  +  indicating 
tension,  and  —  compression.  In  forming 
the  last  column  from  the  two  preceding 
ones,  it  will  be  noticed  that  the  rule  of 
signs  is  observed  : 

Diagonals.    (See  Fig.  2.) 


Piece. 


Bb 

Cb 
Cc 
Dc 
Dd 
Ed 
Ee 
Ye 
F/ 

Grf 


Shear. 


+5416 
+4416 
+3416 
+2416 
+1416 
+  416 
-  584 
-1584 
-2584 
-3584 
-4584 
-55«4 


Slope. 


+ 
+ 
+ 

+ 
+ 
+ 


Strain. 


-6656  lbs. 

+5427 

-4198 

-4-2969 

-1740 

+  511 

+  718 

-1947 

+3176 

-4405 

+5634 

-6863 


We  will  now  pass  to  the  computation 
of  the  chord  strains.  In  the  above  ex- 
pression for  M  the  quantity  ^tox*  or 
100  x%  is  the  moment  of  the  load  between 
the  point  3  and  the  assumed  section  and 
its  value  is  the  same  whether  the  load  be 
considered  as  uniformly  distributed  or 
concentrated  at  the  apices  as  above. 
Hence  to  find  the  moments  for  the  upper 
chord  we  have  in  the  expression 

M  =  55775  -  5916  xf  100  x* 

simply  to  give  to  x  the  successive  values 
0,  10,  20,  etc.,  since  for  the  bays  A  B, 
B  C,  C  D,  etc.,  the  opposite  vertices  a,  b,  c 
etc.,  must  be  taken  as  centers  of  moments. 
Thus  if  the  bay  C  D  be  cut  rotation  will 
at  once  begin  around  the  point  c  ;  we 
take  then  x  =20  and  find  for  the  mo- 
ment of  the  strain  in  C  D, 


M=  -  22545  lbs.  ft. 

and  dividing  this   by  its  lever  arm  or 

seven  feet   we   have    3221    lbs   for  the 

strain.     The  character  of   the   strain  is 

found  by  recollecting  that  a  positive  mo- 

.  {       tensile       )      . 

ment  causes  a    \  >    strain  in 

{  compressive  j 

the     \  ™PPer^  (.   chord,   while   a  negative 


(  lower 

moment  produces  the  reverse.  If  we 
designate  then  tension  by  +  and  com- 
pression by  — ,  the  signs  of  the  strains 
in  the  upper  chord  will  be  the  same  as 
those  of  the  moments.  In  this  way  it  is 
easy  to  compute  the  following  results  : 

Upper  Chord.     (See  Fig.  2). 


Bay. 

Moment. 

Strain. 

AB 

+55775  lbs.  ft. 

+7968  lbs. 

BC 

+  6615 

+  945 

CD 

-22545 

-3221 

DE 

-31705 

-4529 

EF 

-20865 

-2981 

FG 

+  9985 

+1426 

GH 

+60845 

+8692 

For  the  lower  chord  the  calculation  is 
very  similar.  The  centres  of  moments 
are  taken  at  the  points  B,  C,  etc.,  the 
successive  values  of  x  are  5,  15,  25,  etc., 
the  strains  are  numerically  one-seventh 
of  the  moments,  and  their  signs  are  op- 
posite to  that  of  the  moments.  Thus  for 
the  bay  e/,  £=45,  M=  —  7945  lbs.  ft. 
and  the  strain  in  ef  is  1135  lbs.  tension.  ' 
The  results  are  in  the  following  table  : 

Lower  Chord.    (See  Fig.  2.) 


Bay. 

Moment. 

Strain. 

ab 

+28695  lbs.  ft. 

-4099  lbs. 

be 

-10465 

+1495 

cd 

-29625 

+4218 

de 

-28785 

+4112 

'f 

-  7945 

+1135 

fg 

+32895 

-4699 

and  the  strain  sheet  for  the  span  is  now 
complete. 

In  the  same  way  the  strains  for  each  of 
the  other  spans  may  be  readily  found. 
From  the  symmetry  of  the  truss  it  is 
evident  that  the  fifth  span  will  be  exact- 
ly the  same  as  the  third,  the  sixth  the 
same  as  the  second,  and  the  seventh  the 
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same  as  the  first.  For  the  fourth  span 
the  value  of  S  and  M  for  any  section  x 
are 

S=6000— w  x 

M=60848  —  6000^  +  100  a2 

and  the  strains  will  be  the  same  on  each 
side  of  its  center.  For  the  first  span 
S2  is  the  same  as  the  reaction  Rj  the  mo- 
ment M}  is  zero  and  we  have 

S=4732  —  wx 

M=  —4732  #+100  cca 

It  will  be  seen  then  that  the  compu- 
tation of  the  strains  in  a  continuous 
girder  is  exactly  the  same  as  in  a  simple 
one,  except  only  in  the  preliminary  de- 
termination of  the  shears  and  moments 
at  the  supports.  In  a  simple  girder  the 
end  shears  are  the  same  as  the  reactions, 
which  are  known  from  the  law  of  the 
lever,  and  the  moments  at  the  supports 
are  zero.  In  a  continuous  one  these 
quantities  must  be  determined  by  formu- 
lae, or,  for  the  case  of  equal  spans  uni- 
formly loaded,*  taken  from  the  triangles 
which  we  have  given  above.  They  may 
also  be  found  by  a  graphical  process. 

If  the  truss  above  discussed  were  built 
with  seven  simple  girders,  the  strains  in 
each  would  be  the  same.  It  may  prove 
interesting  then  to  compare  the  results 
above  found  with  those  for  a  simple  gir- 
der. The  mode  of  computation  is  essen- 
tially the  same  ;  the  end  shears  are  each 
one  half  the  total  load,  the  pieces  A  B 
*  and  G  H  in  Fig.  2  disappear,  and  for  any 
section  x  we  have 

S=6000— wx 
M=—  6000o:  +  100z2 

Considering  as  before  that  the  load  is 
concentrated  at  the  panel  points  we  have 
500  lbs.  at  a  and  g  and  1000  lbs.  at  B,  C, 
D,  b,  c,  d,  etc.,  respectively.  We  then 
find  the  shears  and  moments  and  from 
them  deduce  .the  strains  as  above  de- 
scribed. The  results  are  given  below 
compared  with  those  for  the  third  span 
of  the  continuous  truss. 

(See  Table  on  following  column.) 

Adding    these    strains    regardless   of 

sign  we   find   the   two   sums  to  be  the 

same.      It  can   be   easily  demonstrated 

that  for  the  dead  load  such  should  be 

*  Other  convenient  tables  for  concentrated  loads  and 
for  uniform  loads  over  one  span  only  are  given  in  the  ar- 
ticle above  referred  to  in  the  Journal  of  the  Franklin  In- 
stitute. 


Diagonals.    (See  Fig.  2.) 

Piece. 

Continuous 

truss. 

Simple  truss. 

Ba 

-6656  lbs. 

—6760  lbs. 

Bb 

+5427 

+5531 

Cb 

-4198 

—4301 

Qc 

+2969 

-+3072 

Be 

—1740 

—1844 

Bd 

+  511 

+  614 

E<? 

+  718 

+  614 

E« 

-1947 

—1844 

Fe 

+3176 

+3072 

F/ 

-4405 

—4301 

V 

+5634 

+5531 

G<7 

—6863 

—6760 

Sums 

....  44244  lbs. 

44244  lbs. 

the  case.  As  far  as  the  diagonals  are 
concerned,  the  two  structures  require  an 
equal  amount  of  material. 

Upper  Chord.    (See  Fig.  2.) 


Bay. 

Continuous 

truss. 

Simple  truss. 

AB 
BC 
CD 
DE 
EF 
FG 
GH 

+7968  lbs. 

+  945 

—3221 

—4529 

—2981 

+1426 

+8692 

—  7143  lbs. 
—11429 
—12857 
—11429 

—  7143 

Sums 

5....  29762  lbs. 

50001  lbs. 

Adding  the  strains  in  the  upper  chord 
we  observe  that  the  sum  for  the  simple 
truss  is  about  1.7  times  that  of  the  other. 
If  the  amount  of  material  is  to  be  pro- 
portional to  the  strain,  a  considerable 
saving  will  here  be  expected. 

Lower  Chord.    (See  Fig.  2.) 


Bay. 

Continuous 
truss. 

Simple  truss. 

ab 
be 
cd 
de 
*f. 

fg 

—4099  lbs. 

+1495 

+4218 

+4112 

+1135 

—4699 

—  3929  lbs. 

—  9643 
—12500 
—12500 

—  9643 

—  3929 

Sum....  19758  lbs. 

52144  lbs. 

The  lower  chord  in  the  simple  truss 
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would  then  be  subjected  to  about  2.6 
times  as  much  strain  as  in  the  continuous 
one. 

If  we  suppose  that  the  same  working 
strength  may  be  allowed  for  compression 
as  for  tension,  we  may  obtain  an  estimate 
of  the  saving  in  material  by  employing  a 
continuous  truss  instead  of  a  simple  one. 
The  amount  of  material  will  be  propor- 
tional to  the  strain  and  to  the  length  of 
the  piece  strained.  Regarding  the  bays  of 
the  chord  as  unity,  the  diagonals  will  be 
represented  in  length  by  0.86.  The  pro- 
portionate amounts  of  iron  will  then  be 
found  by  multiplying  the  above  sums  by 
unity  for  the  chords  and  by  0.86  for  the 
diagonals.     Thus  we  have  a 

Comparison. 


Continuous 
truss. 

Simple  truss. 

Diagonals 

Upper  Chord. . 
Lower  Chord. . 

38050 
29762 
19758 

38050 
50001 
52144 

Total 87570 

140195 

from  which  we  see  that  the  amounts  of 
material  in  the  two  cases  are  in  the  ratio 
of  the  numbers  87570  and   140195  or  as 

1  to  1.6.  For  this  particular  span  then 
a  saving  in  material  of  thirty-seven  and 
a  half  per  cent,  is  effected  by  using  a  con- 
tinuous truss  instead  of  a  common  one. 

It  is  capable  of  demonstration  that  for 
girders  subjected  only  to  dead  load,  the 
total  amount  of  strain  in  the  webbing 
will  be  the  same  for  simple  as  for  con- 
tinuous trusses,  and  also  that  under  the 
most  favorable  circumstances,  the  total 
strain  in  the  chords  of  the  first  is  to  that 
in  the  chords  of  the  second  as  ^2*7  *s  t0 

2  or  nearly  as  2.6  to  1. 

In  studying  the  theory  of  girders  many 
interesting  questions  arise  which  are  of 
little  importance  in  practice.  One  of 
these  is  the  determination  of  the  inflec- 
tion points.  At  these  points  the  curva- 
ture of  the  beam  changes,  the  strain 
passes  from  tension  to  compression  and 
the  moment  is  zero.  At  any  point  in  the 
nth  span  the  moment  is 

M  =  Mn-  Snx  +£  wx* 

Making  in  thisM  equal  to  zero  and  solv- 


ing the  equation  with  reference  to  x  we 
find 

Sn±i/San_2MP" 

noi1  til 


w 


10 


w 


For  a  girder  of  equal  spans  and  uniform- 
ly loaded  we  may  hence  write  for  the  two 
inflection  points, 

x=Al±l*Jx*-<z^ 

in  which  A  and  B  are  to  be  taken  from 
the  above  triangles,  A  always  being  taken 
for  the  right  hand  side  of  the  support 
under  consideration,  for  example,  in  a 
girder  of  eight  spans  the  inflection  points 
for  the  fourth  span  are  at  the  points 


195 


ft': 


r    \388/         388 


388  f     \388/        388 

or  for  £c=0.22  I  and  #=0.79  I. 

The  point  of  maximum  moment,  or 
the  point  near  the  center  of  the  beam, 
where  the  chord  strain  is  the  greatest  is 
more  important  and  readily  determined 
from  the  above  general  value  for  M. 
Differentiating  it  with  reference  to  x  we 
have 


—=—  =—  Sn  +  WX- 

dx 


:0 


that  is,  the  maximum  moment  obtains  at 

the  point  where  the  shear  is  zero.     Its 

S 
value  is  found   by  replacing  x  by 

which  gives 

Max.  M=Mn 


v: 


2w 


as  the  greatest  negative  moment. 

The  following  examples  will  enable 
the  reader  to  test  his  knowledge  of  the 
preceding  principles  : 

9.  In  a  girder  of  two  spans  uniformly 
loaded  what  are  the  maximum  positive 
and  negative  moments  ? 

Ans.  0.125  wT  and— 0.071  wl\ 

10.  In  one  of  three  spans  what  is  the 
maximum  negative  moment  in  the  mid- 
dle span  ? 

Ans.   —0.025  wF. 

11.  In  one  of  eight  spans  where  are 
the  inflection  points  in  the  fifth  span  ? 

Ans.  x=  0.21  Zand  #=0.78 1. 

12.  A  continuous  girder  of  three  spans, 
each  equal  to  fifty  feet,  is  divided  into 
five  panels  on  the  lower  chord,  and  has 
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bracing  similar  to  that  shown  in  Fig.  2. 
Supposing  a  load  of  five  tons  applied  at 
each  of  the  lower  panel  points,  what  are 
the  strains  in  each  of  the  pieces  of  the 
middle  span  ?  the  highest  of  the  truss 
being  six  feet. 

Ans.  Inab,  — 11.7  tons;  in  b  e,  + 1.7; 
in  Bb,  +13  ;  etc. 

In  this  chapter  We  have  treated  of  the 
continuous  girder  when  affected  only  by 
dead  load  or  its  own  weight.  In  the  fol- 
lowing chapters  we  shall  take  up  the  ac- 
tion of  the  live  or  variable  load. 

Chapter  II. 
A  continuous  girder,  loaded  in  any 
manner,  is  held  in  equilibrium  by  the  up- 
ward pressures  or  reactions  of  the  sup- 
ports, and,  as  we  have  seen,  these  reac- 
tions are  alone  sufficient  for  the  complete 
determination  of  the  strains  in  every 
part  of  the  girder.  But  if,  regarding  the 
question  as  one  of  pure  statics,  we  con- 
sider the  beam  as  rigid,  we  find  it  impos- 
sible to  determine  the  reactions  when  the 
number  of  supports  is  greater  than  two. 
This  does  not  arise  from  the  fact  that  in 
an  actual  case  the  question  is  indeterm- 
inate, but  simply  because  in  considering 
the  girder  as  rigid  we  have  restricted  the 
data  to  the  mere  weight,  neglecting  en- 
tirely the  physical  properties  of  the  ma- 
terial. By  taking  into  account  the  elas- 
ticity of  the  girder,  the  problem  becomes 
determinate  ;  we  find  the  reactions,  or 
what  is  equivalent,  the  shears  and  mo- 
ments at  the  supports,  and  from  these 
the  investigation  of  the  internal  forces 
or  strains  is  easy. 

THE    ELASTIC    LINE. 

When  a  girder  is  acted  upon  by  verti- 
cal forces,  a  change  of  shape  arises, 
which  causes  the  originally  parallel  fibers, 
to  be  on  one  side  lengthened,  and  on  the 
other  shortened.  Between  the  lengthen- 
ed and  shortened  fibers,  there  is  a  plane 
which  undergoes  no  change  of  length  ; 
the  central  line  of  this  plane  is  called  the 
neutral  axis  or  the  elastic  line.  Thus,  in 
the  bent  beam  represented  in  Fig.  4,mo 
is  the  neutral  axis,  the  fibers  above  it  be- 
ing shortened  or  compressed,  and  those 
below  it  lengthened  or  tensioned. 

We  derive  the  equation  of  the  elastic 
line  upon  three  hypotheses  :  1st,  that  all 
planes  perpendicular  to  the  neutral  axis 
before  ,the  bending  or  flexure,  preserve 


during  the  bending  their  perpendiculari- 
ty and  their  form  as  planes  ;  2d,  that  the 
change  of  length  of  a  body  subjected  to 
a  force  is,  within  certain  limits  called  the 
elastic  limits,  proportional  to  the  intensi- 
ty of  the  force  ;  and  Sd,  that  the  change 
of  shape  is  so  little  that  the  length  of  the 
neutral  axis  is  sensibly  the  same  as  its 
horizontal  projection. 

In  Fig.  4  we  have  a  longitudinal  sec- 
tion of  a  portion  of  a  bent  beam ;  the  two 
planes  a  b  and  de,  originally  parallel,  re- 
maining perpendicular  to  the  neutral 
axis  m  o,  and  intersecting  in  c  the  center 
of  curvature.  Hence,  drawing  fg  paral- 
lel to  ab  through  o,  the  lines  fd,  ge,  etc., 
denote  the  elongations  and  compressions 
of  the  respective  fibers,  and  we  see  from 
the  figure  that 

od:  od'  \:df:  d' f 

or  the  change  of  length  in  the  fibers  is 
proportional  to  their  distances  from  the 
neutral  axis.  This  is  the  consquence  of 
the  first  hypothesis. 

Fig.  4. 


Designating  by  H  and  H'  the  forces 
acting  in  the  fibers  df  and  d'f,  the  sec- 
ond hypothesis  says  that 

H  :  H' : ;  df- :  dl f 

Hence,  by  combining  these  two  propor- 
tions, 

H  :  H'  ;  ;  o  d  :  o  d' 

or,  the  horizontal  forces  are  directly  pro- 
portional to  their  distances  from  the 
neutral  axis.  Therefore,  if  we  denote 
the  distance  of  any  fiber  from  the  axis 
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by  z  the  strain  upon  it  by  H',  the  dis- 
tance of  the  remotest  fiber  by  e  and  the 
strain  upon  it  by  H,  we  have 


H'  :H  ; 


z  :  e 


or  H  '=  — 

e 


We  have  thus  far  considered  the  cross- 
section  of  the  fibers  as  unity.  If  the 
actual  section  be  a,  the. force  in  each  is 

XT 

evidently .     Each   of  these  forces, 

as  for  instance  H'  in  the  figure,  tends  to 
turn  the  beam  around  the  point  o  with  a 
lever  arm  o  d'  or  z,  and  its  moment  or  the 
measure  of  that  tendency  to  rotation  is 

IT  a  y 

the  product  of  the  force   by  the  dis- 

TT    „   Jt 

tance  z,  or .     The  sum  of  all  these 


moments  is 


e 


or,  since  2  az2  is  the  moment  of  inertia 
of  the  section  a  b,  we  have 

e 
as  the  expression  for  the  sum  of  the  mo- 
ments of  the  internal  forces,  H  being  the 
strain  in  the  remotest  fiber,  e  its  distance 
from  the  neutral  axis,  and  I  the  moment 
of  inertia  of  the  cross-section. 

The  line  df  denotes  the  change  of 
length  of  the  fiber  a  d  due  to  the  force 
H.  Hence  if  E  be  the  coefficient  of 
elasticity,* 

ad:  df.  ;  E  :  H 

Designating  the  radius  c  o  by  r  we  have 
from  the  similar  figures  o df  and  cad 
(since  mo—ad), 

ad  :  df.  \r  :  e 

Combining  these  proportions  we  find 

HE 

e  ~~  r 

and  hence,  for  the  value  of  the  internal 
moment,  we  have 

M=l-1 


*  The  Coefficient  of  Elasticity  is  the  ratio  of  the  force 
of  displacement  to  the  amount  of  displacement  taken 
upon  a  cube  whose  edge  is  unity ;   Hence  for  the  above 

case  E=H-^— .  The  term  modulus  of  elasticity  pro- 
perly relates  to  the  impact  of  bodies,  and  is  a  measure  of 
elasticity  in  the  common  sense  of  the  word,  unity  indi- 
cating perfect  elasticity  or  restitution  of  form."-  These 
terms  are  often  confounded  by  writers. 


The  radius  of  curvature  of  any  plane 
curve,  whose  length  is  it,  and  co-ordinates 
x  and  y  is* 

duz 


r= — 

dx  d?  y 

And  as  by  our  third  hypothesis  we  may 
place  du=dx,  this  becomes 

_dx* 
d*y 

which,  inserted  in  the  above  value  of  M, 
gives 

a)  d*y  -.  M 

as  the  differential  equation  of  the  elastic 
curve,  applicable  to  all  bodies  subject  to 
flexure,  which  fulfill  the  condition  im- 
posed by  the  third  hypothesis.  The  co- 
efficient of  elasticity  and  the  moment  of 
inertia  may  be  different  in  every  section. 

CONDITIONS    OF    EQUILIBRIUM. 

Let  us  consider  the  rth  span  of  a  con- 
tinuous girder  whose  length  is  lTf  and 
let  a  single  concentrated  load  Pr  be 
placed  on  this  span  at  a  distance  Mr  from 
the  left  hand  support  r.  This  load,  the 
loads  on  the  other  spans,  and  the  weight 
of  the  girder  itself,  are  held  in  equili- 
brium by  the  vertical  reactions  Rr— l, 
Rr>  etc.,  of  the  several  supports. 

Let  us  pass  a  section  between  the  load 
Pr  and  the  support  r+  1  at  a  distance  x 
from  the  rth  support.  As  shown  in  the 
last  chapter,  all  the  internal  forces  in  this 
section  are  represented  by  a  shear  S  and 
a  moment  M.  The  shear  S  is  equal  to 
the  algebraic  sum  of  all  the  external 
forces  upon  the  left  hand  side  of  the  sec- 
tion, and  the  moment  M  is  equal  to  the 
sum  of  the  moments  of  those  forces  with 
respect  to  the  section  as  a  center.  Hence, 
regarding  upward  forces  as  positive,  and 
a  moment  as  positive  when  it  tends  to 
cause  tension  in  the  upper  fiber  of  the 
section,  we  have 

(2)  S  =  Sr  -  Pr 

M=Mr  -  Sr  x  +  Pr  (x-Mr ) 

in  which  Sr  is  the  shear  at  the  right  of 
the  rth  support,  and  Mr  the  moment  at 
that  support.  In  like  manner  for  a  sec- 
tion between  r  and  Pr,  we  have 

S=Sr 

M  =  Mr  —  Sr  x 
*  See  any  work  on  the  Differential  Calculus, 
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The  internal  forces  at  any  section  can 
tjien  be  found  as  soon  as  the  shear  and 
moment  at  the  preceding  support  are 
known. 

If,  in  the  above  expression,  we  make  x 
equal  to  lV}  M  becomes  Mr_j_j,  and  we  de- 
duce 


(3) 


The  shear  and  moment  at  any  section 
can  then  be  determined  as  soon  as  Mr  and 
Mr  _j_  i,  the  moments  at  the  preceding  and 
following  supports,  are  known. 

These  conditions  of  equilibrium  are 
entirely  independent  of  variations  in  the 
dimensions  or  material  of  the  beam,  or 
in  the  relative  heights  of  the  supports  of 
the  girder. 

THE    EQUATION    OF   THE    ELASTIC   LINE. 

In  order  to  apply  equation  (1)  to  the 
case  of  continuous  girders,  we  have  to 
insert  for  M,  E  and  I  their  values  as  func- 
tions of  x  and  integrate  the  equation 
twice.  E,  however,  cannot  under  any 
ordinary  circumstances  be  a  function  of 
sc,  it  being  dependent  upon  the  elasticity 
of  the  material  alone,  which  is  nearly  the 
same  in  one  and  the  same  beam,  and  we 
hence  regard  it  as  constant.  In  a  beam 
of  uniform  section  I  is  constant,  and 
although  it  varies  in  common  bridge 
trusses,  we  shall  be  obliged  in  order  to 
bring  the  investigation  within  the  limits 
of  this  paper  to  consider  it  always  as  con- 
stant, taking  care  to  point  out  after- 
wards the  slight  error  thus  introduced. 
Inserting  then  in  (1)  the  value  of  M 
from  (2),  we  have 

day_Mr-STx  +  YT  (x-JclT) 
dx*-~  EI 

as  the  differential  equation,  applicable 
to  girders  of  constant  elasticity  and 
uniform  cross  section.  Integrating  this, 
the  constant  is  tn  the  tangent  of  the  in- 
clination of  the  elastic  line  at  the  sup- 
port r  and 

tA\  dV_  2Mra?-Srg8  +  Pr  {x-hlry 
(4)     Tx~trJr  2EI 

we  have  thus  far  taken  no  account  of 
the  relative  heights  of  the  supports. 
For  the  reasons  mentioned  in  the  last 
chapter,  we  shall  consider  them  as  all 
upon  the  same  level.  The  constant  for 
the  second  integration  is  then  0,  the 
origin  being  at  r,  and  we  have 


(5)  y—tx  x  + 


3  Mr  aa-Sr  x*  +  Yt(x-klty 
EI 

as  the  equation  of  the  elastic  curve  be- 
tween the  load  Pr  and  r+lth  support 
(Fig  5).  If  there  be  several  loads  we 
have  only  to  affix  the  sign  of  summation 
2  to  the  term  involving  Pr>  and  if  that 
term  be  omitted  we  shall  have  the  equa- 
tion between  the  load  and  the  rth  sup- 
port, since  for  any  section  between  those 
points  M=Mr— Sric. 

If  in  (5)  we  make  x=lT,  y  becomes  0, 
and  inserting  for  Sr  its  value  from  (3), 
we  find 

(6)  6EH=-2Mr/r-Mr  +  1Jr  +  Pr£ 

(2k-Sk*  +  k>) 

Thus  the  equation  of  the  curve  is 
completely  determined,  when  we  know 
Mr  and  Mr  + !  the  moments  at  the  sup- 
ports r  and  r+\.  These  may  be  found 
by  the  remarkable  theorem  of  three  mo 
ments. 

THE  THEOREM  OP  THREE  MOMENTS. 

In  Fig.  5  is  represented  a  portion  of  a 
continuous  truss.  Beginning  at  the  left 
hand  end,  the  lengths  of  the  spans  are 
denoted  by  ll9  Z2, lT,  etc.,  and  the  sup- 
ports are  designated  as   1,  2, r,  etc. 

Upon  the  spans  lT  —  \  and  lT  are  loads 
Pr_i  and  Pr,  whose  distances  from  the 
nearest  left  hand  supports  are  Jclx  —  \  and 
k  lTj  k  being  any  fraction  less  than  unity, 
and  not  necessarily  the  same  in  the  two 
cases.  The  equation  of  the  elastic  line 
between  Pr  and  the  support  r  4-  1  is 
given  by  (5),  and  the  tangent  of  the 
angle  which  the  curve  at  the  section  x 
makes  with  the  axis  of  abscissae  is  given 
by  (4). 

Fig.  5. 


■fcr--- 


Jr 

-A&-~»]Pr 


r-n  r  *-+! 

'  If  in  (4)  we  substitute  for  Sr  its  value 
from  (3),  and  for  tT  its  value  from   (6), 

and  make  x=l„  ~    becomes    £r_j-i    the 

'  dx  ~ 

tangent  of  the  inclination  of  the  curve 
at  r-f-1,  and  we  find 

6EI^r  +  i=Mr?r  +  2Mr  +  1Zr-Pr^-A;s) 

Now,  if  we  consider  the  origin  moved 
from  the  support  r  back  to  r*— 1,  we  may 
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derive  a  value  for  tr  by  simply  diminish- 
ing each  of  the  indices  in  the  above  ex- 
pression by  unity,  hence 

(7)  6EI«r=Mr_ifc_i  +  2Mr/r_i 

-Pr-lPrr- !-(*-«■) 

Equating  the  values  of  6  E  I  tx  given  by 
(6)  and  (7),  we  have 

(8)  Mr_i/r_i  +  2Mr(Zr_i  +  y+Mr^_iZr 
=Pr_i^_i(£-&s)+Pr^(2&-3&9  +  &8) 

which  is  the  most  general  form  of  the 
theorem  of  Three  Moments  for  girders 
of  constant  cross-section.  By  prefixing 
the  sign  2  to  the  terms  in  the  second 
member,  it  becomes  applicable  to  any 
number  of  single  loads.  For  uniform 
loads  icr  _  i  and  ioT  per  linear  unit,  we 
have  only  to  place 

Pr _ i  =  wT  _  i  d {k  lr  _  i)  ==  wr  _  i lx  —  i  dk 

Pr  =  wr  d  (Jc  lr)=wT  lT  d  k 
And  to  replace  the  sign  of  summation 
2  by  that  of  integration    f.      If  these 

loads  extend  over  the  entire  spans  lT  and 
lr  —  u  we  ta^e  the  integrals  between  the 
limits  k—0  and  k=l,  and  have 

Mr_iZr_i  +  2Mr  (Zr  +  ?r_i)  +Mr  +  i/r 

ICT  —  il*r  —  \  Wv    l*t 

=  -'  J  +        4 

which  is  the  theorem  as  first  announced 
by  Clapyron. 

For  each  support  of  a  continuous 
girder  an  equation  *may  be  therefore 
written  involving  the  moment  at  that 
support,  and  those  at  the  preceding  and 
following  support.  In  a  girder  of  s 
spans  there  are  s  -f  1  supports,  and  since 
the  moments  at  the  first  and  last  sup- 
ports are  zero  we  have  s—  1  moments, 
whose  values  may  be  found  by  the  so- 
lution of  the  s—  1  equations.  The  mo- 
ments give  the  shear  at  any  support,  and 
by  (2)  the  internal  forces  or  strains  may 
be  determined  for  every  section  of  the 
girder. 

REMARKS  ON  THE  PRECEDING  THEORY. 

The  laws  of  the  theory  of  continuity 
above  deduced  can  be  regarded  as  only  ap- 
proximate. Of  the  three  hypotheses  upon 
which  the  differential  equation  of  the 
elastic  line  is  deduced,  the  first,  although 
a  most  reasonable  assumption,  has  not 
been  definitely  verified  by  experiment, 


and  the  second  is  rendered  somewhat 
doubtful  by  the  extreme  difficulty  in 
delicate  experiments  of  assigning  the 
elastic  limits.  Nevertheless  they  are 
universally  regarded  by  all  writers  as 
sufficiently  accurate  to  form  the  basis  of 
a  working  theory,  and  must  continue  to 
be  thus  used  until  we  attain  to  a  more 
thorough  knowledge  of  matter  and  force. 
The  third  hypothesis,  however,  is  a  limi- 
tation of  the  data,  which  we  are  at  per- 
fect liberty  to  make,  since  we  know  that 
the  increase  in  length  of  the  girder  by 
deflection  is  too  small  to  be  practically 
measured.  We  may  conclude  then  that 
the  equation  (1)  is  an  extremely  close 
approximation  to  the  actual  law  govern- 
ing straight  elastic  beams.  From  the 
time  of  Navier  to  the  present  it  has 
been  so  accepted  and  used. 

The  next  hypothesis  or  limitation  of 
data,  which  we  make,  is  that  E,  the  co- 
efficient of  elasticity,  is  constant  through- 
out the  girder.  In  a  solid  beam  of 
ordinary  homogeneous  material,  there 
can  be  no  reason  for  supposing  it  other- 
wise. 

In  the  Journal  of  the  American  So- 
ciety of  Civil  Engineers  for  May,  1876, 
appeared  an  article  by  Charles  Bender, 
C.  E.,  in  which  the  use  of  continuous 
bridges  is  strongly  opposed.  One  of  his 
main  objections  is — that  the  theory  upon 
which  such  bridges  are  computed  is  un- 
reliable in  consequence  of  the  assump- 
tion of  a  constant  coefficient  of  elasticity, 
and  he  quotes  the  records  of  experi- 
menters to  show  that  values  for  the 
coefficient  of  iron  and  steel  have  been 
observed  ranging  from  17,000,000  to 
40,000,000  pounds  per  square  inch. 
These  limiting  values  are,  however, 
decidedly  exceptional,  but  even  grant- 
ing that  such  variations  may  exist 
in  materials  and  forms  like  soft  iron 
wire,  steel  rails  and  wrought  iron  eye- 
bars,  it  cannot  be  supposed  that  they 
will  occur  in  one  and  the  same  structure, 
where  the  material  is  of  one  kind,  of 
similar  cross  sections  and  which  has 
been  subjected  in  the  same  mill  to  the 
same  process  of  manufacture.  The  mere 
statement  that  Morin  has  observed  val- 
ues of  the  coefficient  of  elasticity  as  low 
as  17,000,000  has  very  little  weight  when 
unaccompanied  by  any  reference  to  the 
kind  of  iron  experimented  upon.  Let 
us  see  what  Morin  himself  actually  says 
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in  recapitulating  the  results  of   experi- 
ments upon  wrought  iron.* 

"  Iron  of  superior  quality,  which  comes 
from  standard  ores,  and  which  has  been 
manufactured  exclusively  with  charcoal, 
or  iron  from  sheet  metal,  many  times 
refined,  may  give  for  the  coefficient  of 
elasticity  values  as  high  as  E  =  28,- 
400,000,  or  even  E= 31,200,000  lbs.  per 
square  inch,  equal  to  those  furnished  by 
ordinary  steel.  Iron  of  ordinary  manu- 
facture reduced  with  common  coal,  and 
drawn  into  forms  like  rails,  T  irons, 
flanges,  etc.,  give  such  values  as 
E  =  24,100,000  and  E  =  25,600,000. 
Finally  the  most  soft  and  ductile  iron 
furnishes  values  as  low  as  E= 21,300,000, 
or  E=  19,800,000,  or  even  E= 17,000,000. 
It  is  well,  then,  in  calculations  upon  the 
strength  of  iron,  to  ascertain  the  quality 
of  the  material  and  the  process  of  manu- 
facture." 

Mr.  Bender  likewise  alludes  to  ex- 
periments upon  wrought  iron  bars  in 
which  the  coefficient  of  elasticity  was 
found  to  be  40,000,000,  and  it  seems  to 
be  implied  by  his  language  that  such 
values  are  of  common  occurrence.  The 
fact,  however,  that  a  standard  writer  on 
the  strength  of  materials,  like  Morin, 
regards  34,000,000  as  an  exceptionally 
high  figure  for  iron,  may  justify  us  in 
demanding  that  when  a  value  like 
40,000,000  is  quoted,  we  should  be  fur- 
nished with  some  details  concerning  the 
quality  of  such  iron,  the  process  of 
manufacture,  as  well  as  a  description  of 
the  testing  machine  and  the  manner  of 
measuring  the  small  extensions  or  com- 
pressions, from  which  the  coefficient  is 
calculated,  or  at  least  that  we  should  be 
referred  to  the  book  or  journal  where 
such  experiments  are  described.  And 
further  as  it  is  well  known  that  by  strain- 
ing a  bar  beyond  the  elastic  limits,  very 
low  values  of  E  can  be  deduced,  are  we 
not  justified  in  asking  similar  informa- 
tion concerning  experiments  which 
furnish  such  values  ? 

Undoubtedly  there  is  some  variation 
in  the  elasticity  of  different  pieces  of 
iron,  even  when  great  care  has  been 
taken  to  ensure  uniformity  of  material 
and  manufacture,  and  it  is  greatly  to  be 
desired  that  experiments  should  be  made 
to    determine   how    it   varies   with   the 


*Morin 
p.  443. 


Resistance  des  Materiauz,  Paris,  1862.    Vol. 


cross  section  and  length  of  the  piece. 
As  soon  as  such  a  law  of  variation  is 
discovered  (if  any  exist),  we  shall  be 
obliged  to  consider  E  as  variable  in  in- 
vestigating a  continuous  truss.  But  if 
no  law  exists  and  we  know  only  the  fact 
that  there  are  slight  variations  in  the 
elasticity  of  different  pieces  in  the  same 
truss,  what  is  to  be  done  ?  Nothing  but 
to  regard  E  as  constant,  being  well 
assured  that  the  distribution  of  the 
variable  pieces  throughout  the  structure 
will  be  governed  by  the  law  of  proba- 
bility, and  that  hence  the  girder  as  a 
whole  will  conform  closely  to  the. 
theoretic  form  of  the  elastic  line. 

The  next  argument  which  it  is  our 
duty  to  criticise  in  that  article  is,  that 
the  theory  of  continuous  girders  is  un- 
reliable, because  the  calculated  deflection 
does  not  generally  agree  with  the 
actually  measured  deflection.  The  ac- 
curacy of  the  computed  strains  must 
depend  upon  the  accuracy  of  the 
theorem  of  three  moments,  and  this  it  is 
asserted  depends  upon  the  calculated 
deflection.  And  because  the  deflection 
as  actually  measured  is  sometimes  no 
more  than  one-half  of  the  calculated 
one,  hence,  it  is  said,  the  same  differences 
may  occur  in  the  strains,  and  the  whole 
theory  is  unworthy  of  consideration. 

This  we  can  only  regard  as  a  striking 
instance  of  the  incompetency  of  prac- 
tical men  to  draw  conclusions  from  even 
simple  experiments.  The  reader  who 
has  followed  onr  presentation  of  the 
theory  of  the  elastic  line,  will  see  at 
once  that  the  value  of  the  deflection 
given  by  (5)  only  enters  the  discussion 
as  an  auxiliary  for  finding  (6),  the 
tangent  of  the  inclination  angle  at  the 
support.  The  process  supposes,  indeed, 
that  E  is  constant,  but  it  supposes  noth- 
ing whatever  concerning  the  value  of 
the  deflection  at  any  point.  When  we 
pass  to  the  next  span  and  find  again  in 
(7)  &]  second  value  of  the  tangent,  the 
actual  value  of  the  deflection  there  is 
likewise  not  considered.  And  when  by 
the  combination  of  (6)  and  (7),  we  de- 
duce (8)  in  which  E  does  not  appear,  its 
very  absence  is  a  proof  that  the  moments 
and  hence  the  strains  are  entirely  in- 
dependent of  its  value  or  of  the  actual 
deflection.  If  two  trusses  of  the  same 
spans,  height  and  form  are  continuous 
over  several  supports,  one  of  steel  hav- 
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ing  a  coefficient  of  elasticity  of  31,000,000 
lbs.  per  square  inch,  and  the  other  of 
wood  having  a  coefficient  of  only  one- 
twentieth  as  much,  the  reactions,  shears, 
moments  and  strains  would  be  the  same 
in  each.  The  measurement  of  the  actual 
deflections  of  these  bridges  under  given 
loads  is  only  useful  for  determining  and 
comparing  their  stiffness  or  elasticity,  or 
in  connection  with  theory  for  finding  the 
values  of  E  and  I.  The  theory  of  con- 
tinuity rests  not  upon  absolute  deflec- 
tions, but  on  relative  ones — on  the  form 
of  the  elastic  curve,  and  this  again  upon 
the  three  universally  accepted  hypotheses 
included  in  our  equation  (1),  with  the 
additional  assumption  that  the  coefficient 
of  elasticity  is  practically  constant. 

One  more  remark  and  we  close  for  to- 
day a  discussion  which  shall  be  resumed 
in  our  next  chapter.  Mr.  Bender  advises 
us  to  abandon]  the  theory  of  flexure,  to 
make  no  further  advance  in  bridge 
building,   to   remain   content   with    the 


simple  lever,  or  at  the  utmost  with  the 
continuous  (sic)  patent  hinged  truss. 
But  until  such  advice  is  enforced  by 
more  logical  arguments  than  we  have 
yet  seen,  we  "young  theorists"  must 
continue  our  work  in  support  of  a  theory 
and  system  which  is  universally  accepted 
as  only  slightly  deviating  from  the  exact 
existing  conditions,  which  is  applied  in 
the  erection  of  continuous  bridges  by 
every  nation  except  our  own,  and  which 
perhaps  if  carried  out  by  us  might  lead 
to  more  perfect  structures  than  the 
world  has  yet  seen.  The  great  majority 
of  coefficients  of  elasticity  quoted  in  his 
paper,  made  by  such  men  as  Staudinger, 
Baker,  Morin  and  Wohler,  were  in  fact 
found  by  measuring  the  deflections  of 
beams,  and  then  from  the  theory  of 
flexure  computing  the  value  of  E.  He 
accepts  those  values,  and  on  their  evi- 
dence condemns  the  theory  by  which 
they  were  deduced  !  Is  not  Morin's 
conclusion,  which  we  have  quoted  abovef 
by  far  the  most  reasonable  ? 


THE  ART  OF  MEASURING.* 

By  Dr.  C.  W.  SIEMENS. 
From  "Engineering." 


Regarding  the  question  of  measure- 
ment, this  constitutes  perhaps  the  largest 
and  most  varied  subject  in  connection 
with  the  present  Loan  Exhibition.  In 
mechanical  science,  accurate  measure- 
ment is  of  such  obvious  importance, 
that  no  argument  is  needed  to  recom- 
mend the  subject  to  your  careful  con- 
sideration. But  it  is  not  perhaps  so 
generally  admitted,  that  accurate 
measurement  occupies  a  very  important 
position  with  regard  to  science  itself, 
anH  that  many  of  the  most  brilliant  dis- 
coveries may  be  traced  back  to  the  me- 
chanical art  of  measuring.  In  support 
of  this  view  I  may  here  quote  some 
pregnant  remarks  made  by  Sir  William 
Thompson  in  his  inaugural  address,  de- 
livered in  1871  to  the  members  of  the 
British  Association,  in   which  he   says, 

*  Abstract  of  a  report  of  the  opening  address  delivered 
by  Dr.  C.  W.  Siemens  at  the  Mechanical  Section  of  the 
Conferences  in  connection  with  the  Exhibition  of 
Scientific  Apparatus  at  South  Kensington. 


"  Accurate  and  minute  measurement 
seems  to  the  non-scientific  imagination, 
a  less  lofty  and  dignified  work  than  look- 
ing for  something  new.  But  nearly  all 
the  grandest  discoveries  of  science  have 
been  but  the  rewards  of  accurate  meas- 
urement and  patient  long-continued  la- 
bor in  the  minute  sifting  of  numerical 
results.  The  popular  idea  of  Newton's 
grand  discovery  is  that  the  theory  of 
gravitation  flashed  upon  his  mind,  and 
so  the  discovery  was  made.  It  was  by 
a  long  train  of  mathematical  calculation, 
founded  on  results  accumulated  through 
prodigious  toil  of  practical  astronomers 
that  Newton  first  demonstrated  the 
forces  urging  the  planets  towards  the 
sun,  determined  the  magnitude  of  those 
forces,  and  discovered  that  a  force  fol- 
lowing the  same  law  of  variation  with 
distance  urges  the  moon  towards  the 
earth.  Then  first,  we  may  suppose, 
came  to  him  the  idea  of  the  universality 
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of  gravitation;  but  when  he  attempted 
to  compare  the  magnitude  of  the  force 
on  the  moon  with  the  magnitude  of  the 
force  of  gravitation  of  a  heavy  body 
of  equal  mass  at  the  earth's  surface,  he 
did  not  find  the  agreement  which  the 
law  he  was  discovering  required.  Not 
for  years  after  would  he  publish  his  dis- 
covery as  made.  It  is  recounted  that, 
being  present  at  a  meeting  of  the  Royal 
Society,  he  heard  a  paper  read,  describ- 
ing geodesic  measurement  by  Picard, 
which  led  to  a  serious  correction  of  the 
previously  accepted  estimate  of  the 
earth's  radius.  This  was  what  Newton 
required  ;  he  went  home  with  the  result, 
and  commenced  his  calculations,  but  felt 
so  much  agitated,  that  he  handed  over 
the  arithmetical  work  to  a  friend  ;  then 
(and  not  when  sitting  in  a  garden  he 
saw  an  apple  fall)  did  he  ascertain  that 
gravitation  keeps  the  moon  in  her  orbit. 

"  Faraday's  discovery  of  specific  in- 
ductive capacity,  which  inaugurated  the 
new  philosophy,  tending  to  discard  ac- 
tion at  a  distance,  was  the  result  of  mi- 
nute and  accurate  measurement  of  elec- 
tric forces. 

"  Joule's  discovery  of  thermo-dynamic 
law,  through  the  regions  of  electro- 
chemistry, electro-magnetism,  and  elas- 
ticity of  gases  was  based  on  a  delicacy 
of  thermometry  which  seemed  impossible 
to  some  of  the  most  distinguished  chem- 
ists of  the  day. 

"  Andrews'  discovery  of  the  continuity 
between  the  gaseous  and  liquid  states 
was  worked  out  by  many  years  of  labori- 
ous and  minute*  measurement  of  phenom- 
ena scarcely  sensible  to  the  naked  eye." 

Here,  then,  we  have  a  very  full  recog- 
nition of  the  importance  of  accurate 
measurement,  by  one  who  has  a  perfect 
right  to  speak  authoritatively  on  such  a 
subject.  It  may  indeed  be  maintained 
that  no  accurate  knowledge  of  anything 
or  any  law  in  nature  is  possible,  unless 
we  possess  a  faculty  of  referring  our  re- 
sults to  some  unit  of  measure,  and  that 
it  might  truly  be  said — to  know  is  to 
measure. 

To  resort  to  a  homely  illustration  of 
this  proposition,  let  us  suppose  a  traveler 
in  the  unknown  wilds  of  the  interior  of 
Africa  observing  before  him  a  number 
of  elevations  of  the  ground,  not  differing 
materially  from  one  another  in  apparent 
magnitude.    Without  measuring  appara- 


tus the  traveler  could  form  no  conclusion 
regarding  the  geographical  importance 
of  those  visible  objects,  which  might  be 
mere  hillocks  at  a  moderate  distance,  or 
the  domes  of  an  elevated  mountain 
range.  In  stepping  his  base  line,  how- 
ever, and  mounting  his  distance-measurer 
he  soon  ascertains  his  distances,  and  ob- 
servations with  the  sextant  and  compass 
give  the  angles  of  elevation  and  position 
of  the  objects.  He  now  knows  that  a 
mighty  mountain  chain  stands  before 
him,  which  must  determine  the  direction 
of  the  watercourses  and  important  cli- 
matic results.  In  short,  through  meas- 
urement he  has  achieved  perhaps  an  im- 
portant addition  to  our  geographical 
knowledge.  As  regards  modern  astron- 
omy, this  may  almost  be  defined  as  the 
art  of  measuring  very  distant  objects, 
and  this  art  has  progressed  proportion- 
ately with  the  perfection  attained  in  the 
telescopes  and  recording  instruments 
employed  in  its  pursuit. 

By  the  ancients  the  art  of  measuring 
length  and  volume  was  tolerably  well 
understood,  hence  their  relatively  extra- 
ordinary advance  in  architecture  and 
the  plastic  arts.  We  hear  also  of  power- 
ful mechanical  contrivances  which  Ar- 
chimedes employed  for  lifting  and  hurl- 
ing heavy  masses ;  and  the  books  of 
Euclid  constitute  a  lasting  proof  of  their 
powers  of  grappling  with  the  laws  regu- 
lating the  proportion  of  plane  and  linear 
measurement.  But  with  all  the  mental 
and  mechanical  power  displayed  in  those 
works,  it  would  seem  strange  that  no  at- 
tempt should  have  been  made  on  the 
part  of  the  ancients  to  utilize  those  sub- 
tle forces  in  nature,  heat  and  electricity, 
by  which  modern  civilization  has  been 
distinguished,  were  it  not  for  their  want 
of  means  of  measuring  these  forces. 

Hero,  of  Alexandria,  tells  us  that  the 
power  of  steam  was  known  to  the 
Egyptians,  and  was  employed  by  their 
priesthood  to  work  such  pretended  mir- 
acles as  that  of  the  spontaneous  opening 
of  the  doors  of  the  temple  whenever  the 
burnt  offering  was  accepted  by  the  gods, 
or,  as  we  moderns  would  put  it,  when- 
ever the  heat  generated  by  combustion 
was  sufficient  to  produce  steam  in  the 
hollow  body  of  the  altar,  and  thus  force 
water  into  buckets  whose  increasing 
weight,  in  descending,  caused  the  gates 
in  question  to  open. 
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Unfortunately  for  them,  the  Academia 
de  Cimento  of  Florence  had  not  yet  pre- 
sented the  world  with  the  thermometer, 
nor  had  Toricelli  shown  how  to  measure 
elastic  pressures,  or  there  would,  at  any 
rate,  have  been  a  probability  of  those 
clear-headed  ancients  applying  the  power 
of  steam  for  preparing  and  transporting 
the  materials  which  they  used  in  the 
erection  of  their  stupendous  monuments, 
and  for  raising  and  directing  the  water 
used  in  their  elaborate  works  of  irriga- 
tion. 

The  art  of  measuring  may  be  divided 
into  the  following  principal  groups  : 

1st.  That  of  linear  measurement,  the 
measurement  of  area  within  a  plane,  and 
of  plain  angles  ;  comprising  geometry, 
trigonometry,  surveying,  and  the  con- 
struction of  linear  measures,  distance 
meters,  sextants,  and  planimeters,  of 
which  a  great  variety  wijl  be  found  with- 
in this  building. 

The  subject  of  linear  measurement 
will,  I  am  happy  to  state,  be  brought  be- 
fore you  by  one  whose  name  will  ever 
be  remembered  as  the  introducer  into 
applied  mechanics  of  the  absolute  plane, 
and  of  accurate  measure,  I  mean  Sir 
Joseph  Whitworth.  It  is  to  be  regret- 
ted, I  consider,  that  Sir  Joseph  Whit- 
worth adopted  as  the  unit  of  measure, 
the  decimalized  inch,  instead  of  employ- 
ing the  centimeter,  and  I  hope  that  he 
will  see  reason  to  adapt  his  admiral  sys- 
tem of  gauges,  also  to  metrical  measure, 
which,  notwithstanding  any  objections 
that  could  be  raised  against  it  on  theo- 
retical grounds — that,  namely,  of  not 
representing  accurately  the  ten  millionth 
part  of  the  distance  from  one  of  the 
earth's  poles  to  its  equator — is,  never- 
theless, the  only  measure  that  has  been 
thoroughly  decimalized,  and  which  es- 
tablishes a  simple  relationship  between 
measures  of  length,  of  area,  and  of  capa- 
city. It  possesses,  moreover,  the  great 
practical  advantage  of  having  been 
adopted  by  nearly  all  the  civilized  na- 
tions of  Europe,  and  by  scientific  work- 
ers throughout  the  world.  Sir  Joseph 
Whitworth's  gauges,  based  upon  the 
decimalized  inch,  are  calculated  to  main- 
tain their  position  for  many  years,  owing 
to  the  intrinsic  mechanical  perfection 
which  they  represent,  but  the  boon  con- 
ferred by  their  author  would  be  still 
greater  than  it  is,  if,  by  adopting  the 
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;  meter  he  would  remove  the  last  and  only 
|  serious  impediment  in  the  way  of  the 
|  unification  of  linear  measurement 
I  throughout  the  world.  A  discussion 
|  will  probably  arise  regarding  the  rela- 
I  tive  merits  of  measurement  a  bout,  of 
!  which  Sir  Joseph  Whitworth  is  the  rep- 
|  resentative,  and  of  measurement  a  trait, 
which  is  the  older  method,  but  is  still 
maintained  by  the  Standard  Commis- 
I  sioners,  both  in  this  country  and  in 
!  France. 

The  second  group  includes  the  meas- 
ure of  volume  or  the  cubical  contents  of 
I  solids,    liquids,    and    gases,    comprising 
stereometric   methods    of   measurement, 
i  the  standard  measures  of  liquids,  and  the 
apparatus  for  measuring  liquid  and  gase- 
i  ous  bodies  flowing  through  pipes,  such 
,  as  gas  meters,  water  meters,  spirit  me- 
ters, of  which,  likewise,  a  great  variety 
j  of  ancient  and  modern  date  will  meet 
your  eye,  and  upon  which  Mr.  Merrifield 
will  address  you. 

Another  method  of  measuring  matter 
1  is  by  its  attraction  towards  the  earth,  or, 
!  thirdly,  the  measurement  of  weight, 
represented  by  a  great  variety  of  balan- 
ces of  ancient  and  modern  construction. 
These  may  be  divided  into  beam  weigh- 
ing machines  (which  appear  to  be  at|the 
same  time  the  most  ancient  and  the 
most  accurate),  into  spring  balances  and 
torsion  balances.  The  accuracy  obtained 
in  weighing  is  truly  surprising,  when  we 
see  that  a  mass  of  one  ten-millionth  part 
of  a  gramme  suffices  to  turn  the  scale  of 
a  well-constructed  chemical  balance. 
Perfect  weighing,  however,  could  only 
be  accomplished  in  a  vacuum,  and,  in 
accurate  weighing,  allowance  has  to  be 
made  for  the  weight  of  air  displaced  by 
the  object  under  consideration.  The 
general  result  is  that  the  mass  of  light 
substances  is  really  greater  than  their 
nominal  weight  implies,  and  this  differ- 
ence between  true  and  nominal  weight 
must  vary  sensibly  with  varying  atmo- 
spheric density. 

Weighing  in  a  denser  medium  than  at- 
mospheric air,  namely,  in  water,  leads 
us,  fourthly,  to  the  measurement  of  spe- 
cific gravity,  which  was  originated  by 
Archimedes  when  he  determined  the 
composition  of  King  Hiero's  crown  by 
weighing  it  in  water  and  in  air. 

Among  measures  of  weight  may  be 
noted  a  balance,  which  weighs  to   the 
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five-millionth  part  of  the  body  weighed, 
sent  by  Beckers  Sons,  of  Rotterdam  ; 
another  from  Brussels,  weighing  to  with- 
in a  fourteen-millionth  part  of  the 
weight,  in  weighing  small  quantities  ;  a 
balance  formerly  used  by  Dr.  Priestly  ; 
and  Professor  Hennessy's  standards,  de- 
rived from  the  earth's  polar  axis,  as 
common  to  all  terrestrial  meridians. 

Next  comes,  fifthly,  the  Measurement 
of  Time,  which,  although  of  ancient  con- 
ception, has  been  reduced  to  mathemati- 
cal precision  only  in  modern  i  times. 
This  has  taken  place  through  the  dis- 
covery by  Galileo  of  the  pendulum,  and 
its  application,  by  Huygens,  to  time- 
pieces in  the  seventeenth  century.  The 
most  interesting  exhibits  in  this  branch 
of  measurement  are,  from  an  historical 
point  of  view,  the  Italian,  German,  and 
English  clocks  of  the  seventeenth  cen- 
tury ;  the  timekeeper  which  was  twice 
carried  out  by  Captain  Cook,  first  in 
1776,  and  which,  after  passing  through 
a  number  of  hands,  was  brought  back  to 
this  country  in  1843  ;  and  an  ancient 
striking  clock  supposed  to  have  been 
made  in  1348 — it  has  the  verge  escape- 
ment, which  is  said  to  have  been  in  use 
before  the  pendulum.  The  methods  em- 
ployed in  modern  clocks  and  watches  for 
compensating  for  variation  of  the  ther- 
mometer and  barometer,  are  illustrated 
by  numerous  exhibits,  notably  the  as- 
tronomical clock,  with  Sir  George  Airy's 
compensation,  which  will  form  the  sub- 
ject of  a  special  demonstration  by  Messrs. 
Dent  and  Co. 

The  measurement  of  small  increments 
of  time  has  been  rendered  possible  only 
in  our  own  days  by  the  introduction  of 
the  conical  pendulum,  and  other  appara- 
tus of  uniform  rotation,  which  alone 
convey  to  our  minds  the  true  conception 
of  the  continuity  of  time.  Among  the 
exhibits  belonging  to  this  class  must  be 
mentioned  Sir  Charles  Wheatstone's  ro- 
tating mirror,  moved  by  a  constant  fall- 
ing weight,  by  which  he  made  his  early 
determination  of  the  velocity  of  electrici- 
ty through  metallic  conductors  ;  the  ro- 
tative cylindrical  mirror,  marked  by  suc- 
cessive electrical  discharges,  which  was 
employed  by  Dr.  Werner  Siemens  in 
1846,  to  measure  the  velocity  of  projec- 
tiles, and  has  been  lately  applied  by  him 
for  the  measurement  of  the  velocity  of 
the  electric  current  itself,  and  the  chrono- 


metric  governor,  introduced  by  him  in 
conjunction  with  myself,  for  regulating 
chronographs,  as  also  the  velocity  of 
steam  engines  under  their  varying  loads  ; 
Foucault's  governor,  and  a  considerable 
variety  involving  similar  principles  of 
action. 

Another  entity  which  presents  itself 
for  measurement  is,  sixthly,  that  of 
Velocity,  or  distance  traversed  in  a  unit 
of  time,  which  may  either  be  uniform  or 
once  influenced  by  a  continuance  of  the 
cause  of  motion,  resulting  in  acceleration, 
subject  to  laws  and  measurements  appli- 
cable both  in  relation  to  celestial  and 
terrestrial  bodies.  I  may  here  mention 
the  instruments  latterly  devised  for 
measuring  the  acceleration  of  a  cannon 
ball  before  and  after  leaving  the  mouth 
of  the  gun,  of  which  an  early  example 
has  been  placed  within  these  galleries. 
Other  measures,,,  of  velocity  are  to  be 
found  here,  ships'  logs,  current  meters, 
and  anemometers. 

In  combining  the  ideas  of  weight  or 
pressure  with  space  we  arrive  at,  seventh- 
ly, the  conception  of  work,  the  unit  of 
which  is  the  foot-pound  or  kilogrammeter, 
and  which,  when  combined  with  time, 
leads  us  to  the  further  conception  of  the 
performance  of  duty,  the  horse-power,  as 
defined  by  Watt.  The  machines  for  the 
measurement  of  work,  here  exhibited, 
are  not  numerous,  but  are  interesting. 
Among  these  may  be  mentioned  Prof. 
Colladon's  dynamometrical  apparatus, 
constructed  in  1844  ;  Richard's  patent 
steam  engine  indicator,  an  improvement 
on  Watt's,  and  Mr.  G.  A.  Hirn's  flexion 
and  torsion  pandynamometers. 

Eighth.  The  measurement  of  Electri- 
cal Units — of  electrical  capacity  of  po- 
tential— and  resistance,  forms  a  subject 
of  vast  research,  and  of  practical  import- 
ance, such  as  few  men  are  capable  of  do- 
ing justice  to.  It  may  be  questioned,  in- 
deed, whether  electrical  measurement 
belongs  to  the  province  of  mechanical 
science,  involving,  as  it  does,  problems 
in  physical  science  of  the  highest  order  : 
but  it  may  be  contended,  on  the  other 
hand,  that  at  least  one  branch  of  applied 
science,  that  of  telegraphy,  could  not  be 
carried  on  without  its  aid.  I  am  happy 
to  say  that  this  branch  of  the  general 
subject  will  be  brought  before  you  by 
my  esteemed  friend  Sir  William  Thom- 
son, than  whom  there  is  no  one  more 
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eminently  qualified  to  deal  with  it.  I 
may,  therefore,  pass  on  to  the  next  great 
branch  of  our  general  subject,  the  ninth: 
Thermal  Measurement. — The  principal 
instrument  here  employed  is  the  thermo- 
meter, based  in  its  construction  either 
upon  the  difference  of  expansion  between 
two  solids  or  on  the  expansion  of  fluids 
such  as  mercury  or  alcohol  (the  common 
thermometer),  or  upon  gaseous  expan- 
sion (the  air  thermometer)  ;  or  again,  it 
may  be  based  upon  certain  changes  of 
electrical  resistance  which  solids  and 
liquids  experience  when  subjected  to 
various  intensities  of  heat.  With  ref- 
erence to  these,  the  air  thermometer 
represents  most  completely  the  molecu- 
lar action  of  matter  which  is  the  equiva- 
lent of  the  expansibility.  I  shall  not 
speak  of  the  different  scales  that  have 
been  adopted  by  Reaumur,  Celsius,  and 
Fahrenheit,  which  are  based  upon  no 
natural  laws  or  zero  points  in  nature, 
and  which  are  therefore  equally  objec- 
tionable upon  theoretical  grounds. 
Would  it  not  be  possible  to  substitute 
for  these  a  natural  thermometric  scale  ? 
— one  commencing  from  the  absolute 
zero,  of  the  possible  existence  of  which 
we  have  many  irrefutable  proofs,  al- 
though we  may  never  be  able  to  reach  it 
by  actual  experiment.  A  scale  com- 
mencing in  numeration  from  this  hypo- 
thetical point  would  possess  the  advan- 
tage of  being  in  unison  throughout  with 
the  physical  effects  due  to  the  nominal 
degree,  and  would  aid  us  in  appreciating 
correctly  the  relative  dynamical  value  of 
any  two  degrees  of  heat  which  could  be 
named.  Such  a  scale  would  also  fall  in 
with  the  readings  of  an  electrical  resist- 
ance thermometer  or  pyrometer,,  of  which 
a  specimen  has  been  added  to  this  col- 
lection by  myself. 

When  temperature  or  intensity  of  heat 
is  coupled  with  mass  we  obtain  the  con- 
ception of  quantity  of  heat,  and  if  this 
again  is  referred  to  a  standard  material, 
usually  water,  the  unit  weight  of  each 
being  taken,  we  obtain  what  is  known  as 
specific  heat.  The  standard  to  which 
measurements  of  quantity  of  heat  are 
usually  referred  is  the  heat  required  to 
raise  a  pound  of  water  one  degree  Fah- 
renheit, or  the  cubic  centimeter  of  water 
one  degree  Centigrade. 

The  most  interesting  exhibits  in  this 
branch   of  measurement   are,    from   an 


historical  point  of  view,  the  original 
spirit  thermometer  of  the  Florentine 
Academia  del  Cimento,  and  the  photo-* 
graphs  of  old  thermometers;  the  original 
Lavoisier  calorimeter  for  measuring  the 
heat  disengaged  in  combustion;  Wedg- 
wood's and  Daniell's  pyrometers. 

As  illustrating  modern  improvement, 
may  be  instanced  a  long  brass-cased 
thermometer  showing  the  variations  in 
the  readings  when  the  bulb  and  when 
the  whole  thermometer  is  immersed  ;  a 
thermometer  with  flat  bulb  to  improve 
sensitiveness  ;  a  thermo-electric  alarum, 
for  giving  notice  when  a  given  tempera- 
ture is  reached  ;  an  instrument  for  meas- 
uring the  temperature  of  fusion  by  means 
of  electric  contact,  invented  by  Professor 
Himly ;  Dr.  Andrews'  apparatus  for 
measuring  the  quantity  of  heat  disen- 
gaged in  combustion  ;  Dr.  Guthrie's  dia- 
calorimeter  for  measuring  the  conductivi- 
ty of  liquids  for  heat,  and  a  thermomet- 
ric tube  by  Professor  Wartmann  for  de- 
termining the  calorific  capacities  of  dif- 
ferent liquids  by  the  process  of  cooling. 

Finally,  Joule  has  taught  us  how  to 
measure  the  unit  of  heat  dynamically, 
and  the  interesting  apparatus  employed 
by  him  from  time  to  time  in  the  various 
stages  of  the  determination  of  this  most 
important  constant  in  applied  mechanics, 
are  to  be  found,  rightly  placed,  not 
among  thermometers  and  other  instru- 
ments placed  in  the  physical  sections, 
but  among  the  instruments  required  in 
the  determination  of  three  great  natural 
standards — of  lergth,  time,  and  mass, 
and  their  combinations. 

Another  branch  of  the  general  subject 
is  the  Measurement  of  Light,  which  may 
be  divided  into  two  principal  sections, 
that  including  the  measurement  of  the 
wave-length  of  light,  of  different  colors, 
and  the  angle  of  polarization,  which  be- 
longs purely  and  entirely  to  physical 
science  ;  and  the  measurement  of  the  in- 
tensity of  light  by  photometry,  which, 
while  involving  also  physical  problems 
of  th.e  highest  order,  has  an  important 
bearing  also  upon  applied  science.  The 
principal  methods  that  have  been  hither- 
to employed  in  photometry  are  by  the 
comparison  of  shadows — that  of  Rumf  ord 
and  Bouguer  ;  by  employing  a  screen  of 
paper  with., a  grease-spot,  the  lights  to 
be  compared  being  so  adjusted  that  the 
spot  does  not  differ  in  appearence  from 
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the  rest  of  the  paper — Bunsen's  method  ; 
Elster's,  by  determining  in  combustion 
the  amount  of  carbon  contained  in  a 
given  volume  of  a  gas  ;  and  the  one 
lately  introduced  by  Professor  Adams 
and  Dr.  Werner  Siemens,  by  measuring 
the  variation  in  the  electrical  resistance 
of  selenium,  under  varying  intensities  of 
light. 

Before  concluding,  I  wish  to  call  your 
attention  to  two  measuring  instruments 
which  do  not  fall  within  the  range  of 
any  of  the  divisions  before  indicated. 
The  first  is  an  apparatus  designed  chiefly 
by  my  brother,  Dr.  Werner  Siemens,  by 
which  a  stream  composed  of  alcohol  and 
water,  mixed  in  any  proportion,  is  meas- 
ured in  such  a  manner  that  one  train  of 
counter  wheels  records  the  volume  of  the 
mixed  liquid  ;  whilst  a  second  counter 
gives  a  true  record  of  the  amount  of  ab- 
solute alcohol  contained  in  it.  The  prin- 
ciple upon  which  this  measuring  appara- 
tus acts  may  be  shortly  described  thus  : 
— The  volume  of  liquid  is  passed  through 
a  revolving  drum,  divided  into  three 
compartments  by  radial  divisions,  and 
not  dissimilar  in  appearance  to  an  or- 
dinary wet  gas-meter,;  the  revolutions 
of  this  drum  produce  the  record  of  the 
total  volume  of  passing  liquid.  The 
liquid  on  its  way  to  the  measuring  drum 
passes  through  a  receiver  containing  a 
float  of  thin  metal  filled  with  proof 
spirit,  which  float  is  partially  supported 
by  means  of  a  carefully-adjusted  spring, 
and  its  position  determines  that  of  a 
lever,  the  angular  position  of  which 
causes  the  alcohol  counter  to  rotate 
more  or  less  for  every  revolution  of  the 
measuring  drum.  Thus,  if  water  only 
passes  through  the  apparatus  the  lever 
in  question  stands  at  its  lowest  position, 
when  the  rotative  motion  of  the  drum 
will  not  be  communicated  to  the  alcohol 
counter,  but  in  proportion  as  the  lever 
ascends  a  greater  proportion  of  the  mo- 
tion of  the  drum  will  be  communicated 
to  the  alcohol  counter,  and  this  motion 
is  rendered  strictly  proportionate  to  the 
alcohol  contained  in  the  liquid,  allow- 
ance being  made  in  the  instrument  for 
the  change  of  volume  due  to  chemical 
affinity  between  two  liquids.  Several 
thousand  instruments  of  this  description 
are  employed  by  the  Russian  Govern- 
ment in  controlling  the  production  of 
spirits  in  that  empire,  whereby  a  large 


staff  of  officials  is  saved,  and  a  perfect- 
ly just  and  technically  unobjectionable 
method  is  established  for  levying  the  ex- 
cise dues. 

Another  instrument,  not  belonging  to 
any  of  the  classes  enumerated,  is  one  for 
measuring  the  depth  of  the  sea  without 
a  sounding  line,  which  has  recently  been 
designed  by  me,  and  described  in  a  pa- 
per communicated  to  the  Royal  Society. 
Advantage  is  taken  in  the  construction 
of  this  instrument  of  certain  variations 
in  the  total  attraction  of  the  earth, 
which  must  be  attributable  to  a  depth  of 
water  intervening  between  the  instru- 
ment and  the  solid  constituents  of  the 
earth.  It  can  be  proved  mathematically 
that  the  total  gravitation  of  the  earth  di- 
minishes proportionately  with  the  depth 
of  water,  and  that  if  an  instrument  could 
be  devised  to  indicate  such  minute 
changes  in  the  total  attraction  upon  a 
scale,  the  equal  divisions  on  that  scale 
would  represent  equal  units  of  depth. 

Gravitation  is  represented  in  this  in- 
strument by  a  column  of  mercury  resting 
upon  a  corrugated  diaphragm  of  thin 
steel  plate,  which  in  its  turn  is  supported 
by  the  elastic  force  of  carefully  temper- 
ed springs  representing  a  force  independ- 
ent of  gravitation.  Any  change  in  the 
force  of  gravitation  must  affect  the  posi- 
tion of  this  diaphragm  and  the  upper  lev- 
el of  the  mercury,  which  causes  an  air- 
bubble  to  travel  in  a  convolute  horizon- 
tal tube  of  glass  placed  upon  a  graduat- 
ed scale,  the  divisions  of  which  are  made 
to  signify  fathoms  of  depth.  Special 
arrangements  were  necessary  in  order  to 
make  this  instrument parathermal,  or  in- 
dependent of  change  of  temperature,  as 
also  independent  of  atmospheric  density, 
which  need  not  be  here  described.  Suf- 
fice it  to  say  that  the  instrument,  which 
has  been  placed  on  board  the  S.  S.  Fara- 
day during  several  of  her  trips  across  the 
Atlantic,  has  given  evidence  of  a  remark- 
able accordance  in  its  indications  with 
measurements  taken  by  means  of  Sir 
William  Thomson's  excellent  piano-forte 
wire-sounding  machine  ;  and  we  confi- 
dently expect  that  it  will  prove  a  useful 
instrument  for  warning  mariners  of  the 
approach  of  danger,  and  for  determining 
their  position  on  seas  the  soundings  of 
which  are  known. 

Another  variety  of  this  instrument  is 
the  horizontal  attraction  meter. 
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CERTAIN  IMPROVEMENTS  IN  BLAST  HEATING  APPARATUS.* 


By  JAMES  E.  MILLS,  B.  S. 


The  process  of  reducing  iron  ores  in 
the  blast  furnace,  involves  the  escape 
from  the  furnace  of  a  certain  proportion 
of  incompletely  oxydized  or  burned  car- 
bon in  the  form  of  carbonic  oxide  gas, 
even  when  charcoal  or  coke  or  anthacite 
coal  is  the  fuel  used,  and,  in  addition  to 
this,  nearly  all  the  volatile  matter  of 
bituminous  coal,  when  it  is  the  fuel  em- 
ployed. So  incomplete  is  the  combustion 
in  the  blast  furnace  that,  under  very  fa- 
vorable circumstances,  the  amount  of 
heat  developed  is  only  about  forty-five 
per  cent,  of  the  total  amount  due  to 
complete  combustion  in  the  case  of  coke 
or  anthracite  coal  or  charcoal ;  and  in 
the  case  of  bituminous  coal,  only  about 
forty-five  per  cent,  of  the  .amount  due 
to  the  complete  combustion  of  its  fixed 
carbon.  Of  the  heat  developed,  a  por- 
tion is  carried  off  as  sensible  heat  in  the 
escaping  gases,  and  only  about  one-third 
of  the  heat,  which  would  result  from 
complete  combustion  of  the  fuel  employ- 
ed, is  available  within  the  furnace  when 
the  fuel,  is  in  the  form  of  fixed  carbon, 
and  a  much  smaller  proportion  when  it 
is  bituminous  coal.  And  it  is  impracti- 
cable to  carry  the  combustion  or  oxyda- 
tion  of  the  carbon  much  farther  within 
the  furnace  than  is  now  done  in  the  best 
practice,  because  the  farther  oxydation 
of  the  carbon  would  prevent  the  deoxy- 
dation  of  the  iron  ore.  Consequently, 
the  greater  part  of  the  calorific  effect  of 
the  fuel  must  be  obtained,  if  obtained 
at  all,  by  burning  the  escaping  gases 
outside  of  the  furnace,  and  this  method 
of  economizing  fuel,  though  of  quite  re- 
cent date,  is  almost  universally  prac- 
tised. 

The  heat  thus  obtained  is  partly  used 
in  raising  steam,  and  so  converted  into 
power  to  drive  the  blast  engine,  and 
pumps,  and  other  machinery  of  the  plant, 
and  a  part  of  it  is  returned  to  the  fur- 
nace in  the  blast. 

The  apparatus  for  conveying  the  heat 
of  the  burning  gases  to  the  blast  (called 
hot-blast  stove)  is  not  without  general 
interest  to   engineers,   for,  except  appa- 

*  A  paper  read  before  the  Engineers'  Club  of  St.  Louis, 
Mo.,  April  5,  1S76. 


!  ratus  for  raising  steam,  perhaps  no 
means  of  utilizing  heat  has  been  devel- 
oped through  more  experimenting,  or 
'  experimenting  on  a  larger  scale,  since 
i  economy  in  the  use  of  heat  has  become 
:  an  exact  science. 

The  blast  passes  through  the  apparatus 
■  on  its  way  from  the  blowing  engine  to 
j  the   furnace,    and,    consequently,   under 
pressure  which  ranges  from  one  and  a- 
half  to  five  pounds,  or  even  more  to  the 
square  inch.     The  amount  of  air  to  be 
heated,  of  course,  varies  with   the  con- 
sumption of  fuel,  but  in  favorable  condi- 
tion of  working  of  furnace  is  from  3.75 
to    5    tons,  and   frequently  6.5  tons    or 
more  to  the  ton  of  pig  iron  produced. 
!  The  temperature  to  which  it  is  desirable 
I  to  raise  the  blast  in  a  well  designed,  well 
;  managed  furnace  is  at  least  900°  Far. 
Sir  I.  Lowthian  Bell,  the  great  practical 
i  investigator  of  the  causes  of  consump- 
j  tion  and  means  of  economizing  fuel  in 
I  the  blast  furnace,  considers  that  in  a  well 
i  designed  furnace,  of  proper  size,  there  is 
|  no  gain  in  raising  the  temperature  of  the 
j  blast  above  500°  C.  or  932  Far.     But  in 
j  some  furnaces,  at  least,  it  has  been  prov- 
|  ed  economical  to   raise  it  to  1,200°,  or 
even  1,400°  Far. 

In  designing  blast  heating  apparatus, 

therefore,  we   have   to   deal   with  very 

large    volumes   of    air   moving   rapidly 

|  under  pressure,  to  be  heated  to  very  high 

j  temperatures  with  fuel  in  gaseous  state  ; 

and  to  provide  against  excessive  friction 

|  and  loss  of  pressure  of  the  blast  in  pass- 

|  ing  through  the  apparatus,  and  against 

j  breakage   and   wear   by  expansion   and 

I  contraction  through  a  wide  range  of  tem- 

|  perature,  and  oxydation  by  exposure  of 

j  hot  metal  to  air,  and  the  warping  and 

|  fusion  and  other  destructive  effects  of 

the  high  temperature  upon  the  materials 

employed  in  construction. 

The  various  kinds  of  apparatus  em- 
ployed for  accomplishing  the  work  may 
be  grouped  in  two  classes.  In  one  of 
these,  the  gases  while  burning,  or  after 
being  burned,  while  still  retaining  the 
heat  of  combustion,  are  passed  over 
masses  of  fire  brick,  which  serve  to  catch 
and  store  up  the  heat  within  themselves 
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until  they  have  reached  the  proper  tem- 
perature, when  the  hot  gases  are  turned 
off,  and  the  blast  is  driven  over  them 
and  takes  from  them  the  required  heat. 
To  make  the  process  constant,  there  are 
two  at  least  of  such  masses  of  fire  brick 
through  which  the  burning  gases  and 
blast  are  alternately  passed.  As  a  struc- 
ture of  fire  brick  cannot  be  made  to  be 
air-tight  under  the  pressure  and  at  the 
temperature  produced,  the  masses  are 
enclosed  with  a  casing  of  plate  iron. 
Such  an  enclosed  mass  of  fire  brick  with 
its  channels  for  admission,  passage,  and 
exit  of  gas  and  air,  and  its  inlet  and  out- 
let pipes,  and  its  valves  for  regulating 
the  flow  and  changing  the  course  of  the 
gases  and  air,  in  its  most  developed  form, 
is  the  Whitwell  stove. 

In  the  apparatus  of  the  other  class, 
the  air  is  passed  continuously  through 
iron  pipes,  on  the  outside  of  which  the 
gases  are  burning,  and  consequently  re- 
ceive its  heat  through  the  iron  wall  of 
the  pipes.  The  pipes  are  arranged  in  an 
inclosed  chamber,  and  the  gases  are 
burned  in  the  same  chamber,  or  in  a  com- 
bustion chamber  beneath  it.  As  the  blast 
is  inclosed  in  pipes,  the  brick  walls  of 
the  chamber  or  stove  do  not  require  an 
iron  casing. 

The  quantity  of  gaseous  fuel  escaping 
from  the  furnace  is  so  large  that  the 
amount  of  heat  which  can  be  imparted 
to  the  blast  is  limited  by  the  ability  of 
the  material  employed  in  the  construc- 
tion of  the  stove,  pipes,  valves,  <fcc,  in 
which  the  blast  is  heated  and  conveyed 
to  the  furnace,  to  withstand  the  high 
temperature.  The  fire  briek  apparatus 
can,  of  course,  bear  much  greater  degrees 
of  heat  than  any  system  of  iron  pipes, 
and,  consequently,  in  the  stoves  of  the 
Whitwell  type,  the  blast  can  be  raised  to 
a  much  higher  temperature  than  in  the 
other  class.  The  disadvantages  of  stoves 
of  this  class  are  large,  first  cost,  consid- 
erable complication  of  parts,  and  great 
care  required  in  the  management  of 
them. 

The  stoves  with  iron  pipes  have  been 
much  the  larger  in  use,  and  on  account 
of  their  comparatively  small  first  cost 
and  simplicity,  will  probably  continue  to 
be  used  quite  generally,  at  least  at  char- 
coal blast  furnaces  ;  and  it  is  an  object 
of  importance  to  improve  the  stoves  of 
this  general  type  to  the  highest  practi- 


cable degree  of  efficiency  and  durability. 
They  have  gradually  developed  into 
rectangular  brick  chambers  with  the 
iron  pipes  conveying  the  blast  arranged 
in  straight  rows,  lengthwise  or  cross- 
wise of  the  chamber,  and  the  gases  ris- 
ing through  long,  narrow  slits  in  the  floor 
between  the  rows  of  pipes.  The  gases 
are  either  burned  in  the  spaces  between 
the  rows  of  pipes,  or  in  a  separate  cham- 
ber below  the  one  containing  the  pipes, 
from  which  they  pass  up  through  the 
slits  in  the  floor  to  the  spaces  between 
the  rows  of  pipes. 

There  are  two  kinds  of  pipes  in  each 
stove:  one  kind,  called  bed  pipes,  consist 
of  rectangular  boxes,  usually  divided  by 
a  partition  running  lengthwise  into  two 
parts.  These  lie  horizontally  on  the  floor 
of  the  chamber.  The  other  kind  are  of 
circular  or  elliptical  cross- sections,  and 
stand  vertically  upon  the  bed  pipes  and 
open  downwards  into  them.  They  also 
are  either  divided  into  two  parts  by  a 
diaphragm,  extending  from  the  bottom  to 
near  the  top  of  the  pipe,  as  in  the  so- 
called  pistol  pipe,  or  are  doubled  upon 
themselves,  as  in  the  so-called  syphon 
pipe.  In  the  case  of  the  pistol  pipe,  the 
diaphragm  rests  on  the  partition  of  the 
bed  pipe,  or  a  projection  of  it,  and  one 
apartment  of  it  opens  downward  into  one 
apartment  of  the  bed  pipe,  and  the  other 
apartment  of  the  vertical  pipe  into  the 
other  apartment  of  the  bed  pipe;  and  in 
the  case  of  the  syphon  pipe,  one  limb 
opens  into  the  bed  pipe  on  one  side  of 
its  partition  wall,  and  one  on  the  other 
side.  The  blast  enters  the  bed  pipe  on 
one  side  of  its  partition  wall,  and  passes 
up  through  an  apartment,  or  one  limb  of 
a  certain  number  of  vertical  pipes,  and 
down  through  the  other  apartment,  or 
other  limb  of  the  same  pipes,  to  the  bed 
pipe  on  the  other  side  of  its  partition 
wall,  thence  by  a  horizontal  connecting 
pipe  to  another  bed  pipe,  to  pass  through 
it  and  its  vertical  pipes  in  the  same  way, 
and  so  on  to  the  outlet  pipe.  There  are 
many  modifications  of  this  general  ar- 
rangement, but  the  essential  feature  of 
the  apparatus,  as  I  have  presented  them, 
are  common  to  all  the  best  stoves  of  the 
class  in  general  use. 

There  are  serious  avoidable  defects  in 
this  general  plan  of  stoves,  which  add 
to  the  first  cost,  and  give  rise  to  unnec- 
essary wear  of  the  pipes   by  oxydation 
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and  bending  and  cracking,  and  also  un- 
necessary strain  upon  the  walls,  and 
whenever  the  temperature  of  blast,  sus- 
tained by  one  of  these  stoves,  is  near  the 
point  of  safe  endurance  of  iron,  the  de- 
struction of  j)ipes  and  of  walls  is  a 
source  of  very  considerable  expense,  and 
frequently  of  delay. 

The  rectangular  form  of  the  chamber 
gives  rise  to  uneven  reception  and  radia- 
tion of  heat,  and  consequent  uneven  ex- 
pansion and  contraction  of  the  walls, 
and  renders  necessary  very  strong  bind- 
ing with  iron  rods  and  angle-iron,  and 
this  does  not  generally  prevent  consid- 
erable bulging  and  cracking.  The  ar- 
rangement of  pipes  in  rows  parallel  to 
two  sides  of  the  chamber  leaves  two  in- 
terspaces in  each  chamber,  bounded  on 
one  side  by  a  wall,  and  on  the  other  by 
a  row  of  pipes,  and  the  flame  in  each  of 
these  two  interspaces  presents  one  broad 
side  to  a  wall,  and  radiates  heat  directly 
to  it,  or,  as  is  usually  the  case,  the  flame 
is  omitted  from  these  two  interspaces, 
and  one  side  of  two  rows  of  pipes  is 
without  heat  directly  radiated  from  the 
flame.  When  the  gases  are  burned  in  a 
combustion  chamber,  one  side  of  two 
rows  of  pipes  is  out  of  the  direct  course 
of  the  hot  gases,  or  the  inner  surfaces  of 
two  walls  are  in  that  course.  Again, 
by  the  usual  arrangement,  or  any  con- 
venient arrangement  with  parallel  rows 
of  pipes,  one  side  or  end  of  the  chamber 
must  be  hotter  than  the  other. 

About  two  years  ago  it  became  neces- 
sary for  me  to  plan  a  hot-blast  stove  for 
a  charcoal  furnace,  to  be  built  for  the 
Midland  Blast  Furnace  Co.,  and  I  had 
an  opportunity  to  put  into  practice  an 
arrangement  which  I  arrived  at  in  the 
endeavor  to  avoid  the  defects  of  the 
common  plans,  and  secure  the  best  prac- 
ticable result  from  a  stove  of  the  class. 
The  stove  was  built,  and  has  been  well 
tested,  and  the  results  of  trial  have 
proven  the  advantages  of  a  plan  which 
is  theoretically — I  think  you  will  agree 
with  me — better  than  those  described  ; 
and  to  this  I  invite  your  more  particular 
attention. 

The  stove  proper  has  a  cylindrical  ver- 
tical wall,  and  a  hemispherical  roof  or 
dome,  like  some  potters  kilns.  The  ex- 
posed surface,  and  consequent  loss  of 
heat  by  radiation  and  convection  are, 
therefore,  the  least  practicable,  and  so 


also  is  the  amount  of  material  in  the 
wall.  The  absorption  and  loss  of  heat 
are  very  even  throughout  the  wall,  and 
consequently  the  different  parts  of  it  ex- 
pand and  contract  evenly.  The  cylin- 
drical form  also  reduces  the  necessary 
binders  to  simple  hoops  of  sheet 
iron. 

The  pipes  through  which  the  blast 
passes  are  placed  in  rows  arranged  radial- 
ly from  near  the  center  to  near  the  cir- 
cumference of  the  chamber ;  and  the 
gases  which  serve  for  fuel  are  admitted 
through  radial  slits,  one  in  each  sector  of 
the  floor,  and  burned  in  the  spaces  between 
the  rows  of  pipes.  Therefore,  each  sheet 
of  flame  presents  both  broad-sides  to 
rows  of  pipes,  one  on  each  side,  and 
each  row  of  pipes  receives  heat  directly 
radiated  from  flame  on  both  sides  of  it. 
There  are  six  such  rows  of  pipes,  and 
consequently  six  interspaces  and  six 
sheets  of  flame  in  the  stove  actually 
built. 

The  blast  coming  from  the  engine  en- 
ters a  drum  near  the  roof,  and  passes 
from  it  by  six  pipes,  extending  outward 
and  downward  near  the  roof  and  wall  of 
the  chamber  to  the  outer  end  of  each 
of  the  six  rows  of  pipes,  and  thence 
passes  through  the  six  rows  to  a  drum  in 
the  middle,  a  little  lower  than  the  drum 
before  mentioned,  and  thence  by  an  out- 
let pipe  towards  the  furnace.  The  slits 
admitting  gas  through  the  floor  approach 
one  another  as  they  approach  the  center, 
and  consequently  the  proportion  of  flame 
to  space  increases  toward  the  center  as 
far  as  to  the  inner  ends  of  the  slits.  To 
insure  complete  combustion,  there  is  a 
chimney  rising  from  the  middle  of  the 
dome.  The  air  for  combustion  is  admit- 
ted through  the  outer  wall  at  the  level 
of  the  floor  by  an  opening  opposite  the 
end  of  each  of  the  slits  which  admit 
gas.  The  tendency  of  the  hot  gases  and 
flame1  is  toward  the  middle  of  the  stove. 
The  blast  therefore  travels  in  six  streams 
toward  the  hottest  place  in  the  stove  un- 
til it  reaches  the  outlet  pipe. 

The  nearness  of  the  drum  and  pipes, 
which  first  receive  the  blast  to  the  roof 
and  outer  wall,  combines  with  the  direc- 
tion in  which  the  blast  travels,  and  the 
position  of  the  flame,  and  the  direction 
of  the  draught,  to  keep  the  outer  parts 
of  the  chamber  cool,  and  to  reduce  to 
the   minimum  the  loss  of  heat  through 
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the  walls,  and  the  destructive  effects  of 
heat  upon  them. 

I  will  now  describe  more  in  detail  the 
stove  which  was  built  on  this  plan,  and 
which  is  represented  by  the  accompany- 
ing drawings. 

The  inside  diameter  of  the  cylindrical 
building  is  18'  6",  and  the  radius  of  the 
dome  9'  3'.  The  height  from  the  floor 
to  the  edge  of  the  dome  is  12'  4",  and 
to  the  center  of  the  dome  21'  7". 

The  foundation  consists  of  a  wall  of 
sandstone  rubble  2  feet  high  and  18 
inches  thick. 

The  vertical  wall  is  of  fire-brick,  13-J" 
thick,  except  the  upper  one  foot,  which 
is  18"  thick,  projecting  outward  4-J-". 
The  dome,  which  is  also  of  fire-brick,  is 
9"  thick.  It  rests  on  the  inner  9"  of  the 
vertical  wall.  Outside  of  it  on  the  ver- 
tical wall,  and  flush  with  the  outer  sur- 
face of  the  latter,  are  laid  thirteen  courses 
of  red  brick,  thus  continuing  the  vertical 
surface  of  the  wall  on  the  outside  about 
31"  higher  than  the  lower  edge  of  the 
dome,  and  encircling  the  lower  part  of 
the  dome  to  that  height. 

The  walls  is  bound  by  three  hoops  of 
plate  iron,  £."  by  4",  one  at  the  upper 
edge  of  the  vertical  outer  surface  of  the 
wall,  one  at  the  level  of  the  lower  edge 
of  the  dome,  and  one  8'  from  the  ground. 

There  are  six  small  arched  doorways 
in  the  vertical  wall,  at  equal  distances 
from  one  another  opening  into  the  cham- 
ber mid-way  of  the  outer  side  of  the  in- 
terspaces between  the  rows  of  pipes. 
They  rise  from  the  floor  of  the  chamber, 
and  are  4'  high  to  the  crown  of  the 
arched  upper  end,  and  15"  wide  below 
the  spring  of  the  arch  on  the  inner  side, 
widening  outward  as  much  as  due  to 
radial  position  of  the  sides.  The  doors 
are  simple  plates  of  fire-brick  or  tiles 
bound  around  the  edge  with  a  wrought 
iron  band,  to  be  opened  and  closed  by 
being  raised  and  lowered  by  pulleys.  To 
afford  a  sloping  surface  for  the  doors  to 
rest  and  move  upon,  the  jambs  of  the 
doorway  and  a  portion  of  the  wall  above 
are  made  to  project,  beginning  at  a  point 
twice  the  height  of  the  doorway,  or  8' 
above  the  ground,  and  increasing  down- 
ward so  that  the  projection  at  the  ground 
is  9".  By  this  arrangement,  iron  doors 
exposed  to  flame  are  avoided,  and,  more- 
over, the  opening  for  admitting  air,  be- 
ing made  by  raising  the  door,  is  at  the 


bottom  of  the  chamber.  These  doors 
have  not  yet  been  put  on,  but,  instead, 
the  doorways  were  filled  in  with  fire- 
brick leaving  only  small  openings  at  the 
bottom  to  admit  air. 

On  both  sides  of  each  doorway  is  a 
peep-hole  of  the  size  to  be  closed  by  a 
brick  placed  in  endwise. 

The  doorways  are  large  enough  to  ad- 
mit the  passage  of  the  pipes  and  bed- 
pipes,  but  not  of  the  drums.  For  ad- 
mitting these,  a  portion  of  the  wall  is 
arched  over,  so  that  it  could  easily  be 
taken  out  and  replaced. 

The  flue  for  admitting  the  gas  passes 
around  under  the  floor  and  is  annular, 
and  its  middle  line  makes  a  circle  12'  in 
diameter  about  a  center,  directly  under 
the   center  of   the  chamber.      It   has  a 
branch  opening  into  it  from  the  furnace. 
Where  it  passes  under  the  walls  of  the 
building,  or  the  foundation  stones  upon 
which  the  pipes  stand,  it  is  arched  over, 
and   its  cross-section  is  18"  wide  up  to 
the  spring  of    the  arch,  and  l'  high  to 
the  spring,  and  1 '  9"  to  the  crown  of  the 
arch,  but  under  the  interspaces  between 
the  rows  of  pipes  its  walls  continue  ver- 
tical to  the  top,  and  it  is  covered  over 
with  broad  tiles,  excepting  a  slit  3'  long, 
nearly  in  the  direction  of  the  radii  of 
the  chamber,  and  3"  wide.     To  obtain 
the  length  of  three  feet,  the  slit  is  ex- 
tended by  a  groove  cut  into  the  wall  of 
the  flue  on  either  side.     The  slit  can  be 
narrowed  and  shortened  at  will  by  bricks 
placed  on  top  of  the  tiles,  and  moved 
from  outside  through  the  doors  by  a  rod. 
The  wall  of  the  flue  is  12"  thick.     The 
tiles  covering  the  flue  on  each  side  of  the 
slit  can  be  raised,  and  through  the  open- 
ings  thus  made,  a  man  can  reach   the 
ashes  and   dust  in  the  flue  with  a  hoe 
and  move  them  toward  the  branch  that 
comes  from  the  furnace,  and  from  the 
branch  they  can  be  easily  raised  outside 
of  the  stove.     To  facilitate  the  removal 
of   the  dust   and   ashes,    and   render   it 
practicable  while  the  stove  was  hot,  or, 
comparatively  so,  three   openings  were 
made  to  the  flue  from  outside,  but  they 
were  not  used  or  needed,  because,  on  ac- 
count of   the  proportion  of  the  area  of 
cross-section  of  the* flue  to  the  volume  of 
gas   moving   through    it,  the   dust  and 
ashes  did  not  accumulate  in  quantity  to 
materially  hinder  the  flow  of  the  gas. 
The  foundations  upon  which  the  pipes 
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stand  consist  of  six  stones,  one  under 
each  row  of  pipes,  placed  radially  like 
the  rows  of  pipes,  and  extending  from 
within  two  or  three  inches  of  the  wall 
of  the  chamber  to  within  one  foot  of  the 
center.  They  are  about  8'  long,  1'  deep 
and  2'  3"  wide,  except  at  the  inner  end 
where  one  vertical  edge  is  truncated  and 
the  stone  narrowed  to  fit  the  space  for 
it.  The  material  of  the  stones  is  sand- 
stone. fc 

A  wall  of  fire-brick  4j"  thick  is  carried 
up  from  the  floor  by  the  sides  of  these 
stones  between  them  and  the  spaces 
where  the  gases  are  burning,  and  still 
higher  by  the  sides  of  the  bed-pipes  and 
the  sleeves  at  the  foot  of  the  upright 
pipes,  to  a  height  in  all  of  about  three 
feet.  These  walls,  within  the  outer  walls 
of  the  chamber,  inclose  on  the  sides  the 
lower  part  of  the  spaces  between  the 
rows  of  pipes  where  the  gases  and  air 
enter  and  meet,  but  they  are  all  open 
above,  and  the  free  radiation  of  heat 
from  the  flame  to  the  pipe  is  but  slight- 
ly obstructed.  The  chimney  rises  forty 
feet  above  the  dome,  is  of  sheet  iron 
(No.  14)  and  is  lined  with  three  inches 
thick  of  fire-brick  from  the  dome  to  a 
height  of  10'.  Its  diameter  within  the 
lining  is  3',  and  above  the  lining  3'  6", 
till  within  2;  6"  of  the  top  where  it  nar- 
rows so  that  the  diameter  at  the  top  is 
2'  6".  There  is  a  damper  attached  at 
the  top,  and  for  two  lengths  of  sheets 
(about  5')  below  it  the  iron  is  yq"  thick. 
There  is  a  guy  band  12'  from  the  top. 
The  weight  of  the  chimney  does  not  rest 
on  the  dome  but  is  transferred  to  the 
upper  edge  of  the  vertical  wall  by  three 
pieces  of  rail-road  rails  which  serve  as  a 
tripod.  Their  outer  and  lower  ends  rest 
on  cast-iron  feet  lying  on  the  vertical 
wall.  At  their  inner  and  upper  ends 
they  are  attached  to  the  chimney  at  a 
point  8'  6"  above  its  lower  end.  Here 
also  is  a  sheet  of  iron  f-6"  thick  and  a 
wrought  iron  band  6"  X  Yi  anc^  the 
rivets  pass  through  the  flanges  of  the 
rails  and  the  band  and  iron  of  the  chim- 
ney. The  rails  are  stiffened  and  held  in 
place  by  rods  of  f  "  round  iron  inclosed 
in  \\"  gas  pipe,  and  extending  from  mid- 
way between  the  two  ends  of  each  rail 
to  the  lower  end  of  the  chimney.  This 
end  of  the  chimney  is  stiffened  by  a 
wrought  iron  band  4"xi'/  on  the  outside, 
and  a  piece  of  2"  angle  iron  on  the  in- 


side, the  latter  serving  to  hold  up  the 
brick  lining. 

The  pipe  which  conveys  the  blast  from 
the  engine  to  the  apparatus  is  of  wrought 
iron  J"  thick,  is  16"  in  diameter,  and 
opens  downward  into  the  top  of  the 
drum,  from  which  the  blast  is  distributed 
to  the  six  rows  of  pipes.  This  drum  is 
of  wrought  iron,  and  is  2'  10"  in  diame- 
ter, and  1'  3"  long  or  high.  It  is  situated 
directly  under  the  center  of  the  dome, 
and  its  lowest  surface  is  14'  9^"  above 
the  floor  of  the  chamber.  It  has  besides 
the  openings  for  inlet  and  outlet  of  blast, 
three  small  man-holes,  closed  with  small 
man-heads,  large  enough  to  admit  the 
hand  and  arm.  Around  the  periphery  of 
the  drum  are  six  cast  iron  thimbles,  to 
which  are  attached  by  flanges  and  bolts 
the  pipes  which  take  the  blast  to  the 
ends  of  the  rows  of  pipes.  These  also 
are  of  wrought  iron  J"  thick,  and  are 
7i"  in  diameter,  inside  measurement,  ex- 
cept at  the  lower  end  where  they  are  en- 
larged to  lap  down  over  the  upper  part 
of  the  short  pipes  or  thimbles  projecting 
upward  from  the  bed-pipes.  The  joint 
at  this  connection  is  rendered  tight  by  a 
sleeve  1*  long,  and  rust  packing. 

The  remaining  pipes  (syphons  and 
straight  pipes  and  bed  pipes)  and  the 
sleeves  and  the  drum  which  receives  the 
blast  from  the  six  rows  of  pipes,  and  the 
outlet  pipe  are  all  of  cast  iron,  f  "  thick. 

The  bed  pipes  consist  of  rectangular 
boxes,  21^"long,  10j"wide,  and  6"  high 
— all  inside  measurements — with  two 
short  pipes  or  thimbles  of  same  cross- 
section  as  that  of  the  syphon  pipes,  pro- 
jecting 4"  upward  from  one  of  the 
broadsides,  and  open  at  the  outer  or  up- 
per ends.  The  boxes  lie  on  the  opposite 
broadside,  and  are  placed  in  six  sets  of 
radial  rows,  each  set  consisting  of  seven 
boxes  in  two  rows,  one  of  four,  and  one 
of  three  boxes.  The  two  rows  are  so 
placed  side  by  side  that  one  thimble  of 
each  box  in  the  shorter  row  is  abreast  one 
of  a  box  in  the  longer  row,  and  the  other 
thimble  is  abreast  one  in  the  next  box  of 
the  longer  row.  The  two  rows  are  sepa- 
rated by  a  space  If"  wide,  and  the  boxes 
in  each  row  by  a  space  V  wide.  At 
each  end  of  the  long  row  is  a  thimble 
not  paired  with  one  in  the  shorter  row. 
To  the  one  at  the  outer  end  is  connected 
the  wrought  iron  pipe  which  brings  the 
blast  to  the  row,  and  the  one  at  the  inner 
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end  opens  into  the  straight  vertical  pipe 
which  takes  the  blast  to  the  drum  which 
receives  it  from  all  the  six  sets  of  rows. 
On  the  six  intervening  pairs  of  thimbles 
stand  the  syphon  pipes.  One  limb  of 
each  syphon  stands  on  a  thimble  of  one 
row,  and  one  on  a  thimble  of  the  other 
row,  and  by  the  arrangement  of  the 
boxes  or  bed  pipes,  each  bed  pipe  in  the 
short  row  receives  air  from  one  in  the 
long  row  through  one  syphon,  and  de- 
livers it  through  another  syphon  to  an- 
other box  farther  on  in  that  row,  and  so 
the  blast  passes  from  row  to  row  and 
forward  till  it  reaches  the  last  box 
of  the  long  row,  and  passes  from  it 
through  the  straight  vertical  pipe  to  the 
drum  which  delivers  it  to  the  outlet  pipe 
leading  toward  the  furnace. 

I  have  called  "  the  rows  radial.  The 
middle  line  of  the  long  row  of  boxes  or 
bed-pipes  is  exactly  radial  :  of  course 
the  other  row  is  not  exactly  radial  and 
the  divisions  of  the  floor  of  the  chamber 
between  the  sets  of  rows  are  not  exactly 
true  sectors  of  a  circle.  The  slit  for  ad- 
mission of  gas  is  placed  midway  between 
a  short  row  of  pipes  on  one  side  and  a 
long  row  on  the  other,  and  each  door  is 
opposite  a  slit. 

The  syphons  have  an  elliptical  cross- 
section  with  diameters  6£*  and  7f ",  in- 
side measurement.  The  centers  of  the 
two  ends  are  14f  "  apart,  and  the  pipes 
are  so  doubled  upon  themselves  as  to 
bring  the  long  diameters  of  the  two 
limbs  into  line.  It  is  11' §"  from  the 
lower  ends  to  the  top  of  the  curve  of  the 
outside  of  the  pipe  at  the  junction  of  the 
two  limbs. 

The  straight  vertical  pipes  at  the  in- 
ner end  of  the  rows  have  the  same  cross- 
section  and  are  11'  long. 

The  drum  which  receives  the  blast 
from  the  six  rows  of  pipes  and  delivers 
it  toward  the  furnace  through  the  outlet 
pipe  is  a  cylinder  3'  10 £"  in  diameter  and 
1'  long  or  high,  inside  measurement, 
with  a  pipe  or  thimble  1'  in  diameter 
(inside)  and  4"  long  projecting  from  the 
periphery,  which  connects  with  the  out- 
let pipe,  and  six  pipes  of  same  cross-sec- 
tion as  the  vertical  straight  pipes,  and 
two  feet  long  projecting  from  the  lower 
end.  These  pipes  rest  on  and  open  into 
the  six  upright  pipes.  The  centers  of 
their  inner  ends  are  each  1'  7"  from  the 
center  of  the  bottom  of  the  drum,  and  a 


line  connecting  them  would  form  a  hexa- 
gon with  sides  of  VI". 

The  outlet  pipe  is  1'  in  diameter  inside 
measurement. 

The  connections  of  the  different  cast- 
ings are  all  made  with  sleeves  and  rust 
packing,  the  space  between  the  sleeves 
and  the  pipes  filled  with  the  packing  be- 
ing \"  wide.  The  sleeves  therefore  have 
a  diameter  1"  greater  than  the  outside 
diameter  of  the  enclosed  pipes.  A  part 
of  the  sleeves  are  8"  and  a  part  of  them 
12"  long.  I  would  now  make  them  all 
of  the  latter  length  so  that  the  packing 
might  extend  6"  either  way  from  the 
joint,  and  for  this  purpose  would  make 
the  thimbles  on  the  bed-pipes  and  the 
one  on  the  drum  6"  instead  of  4"  long. 

The  amount  of  material  in  the  whole 
apparatus  is  as  follows  : 

Principal  Castings  (by  actual  weighing). 
42  bed  pipes  (average  weight,  228.88 

lbs.) 9613  lbs.. 

36  syphons  (average  weight,  1546.17 

lbs.) 55662  lbs. 

6  straight    vertical    pipes    (average 

weight,  703.5  lbs 4219  lbs. 

90  sleeves,  62-9"long  (average  weight, 

64. 9  lbs.) 4024  lbs. 

90  sleeves,  28-12"long(average  weight,     - 

85.9  lbs.) 2405  lbs. 

1  dram 2053  lbs. 

1  outlet  pipe* 955  lbs. 

1  sleeve  to  latter 184  lbs. 


Total 79115  lbs. 

Or  35 2y&  tons,  essentially  35£  tons. 

Wrought  iron  pipes  and  drum  and  in- 
let pipe,f  together  with  the  small 
cast-iron  man  heads  and  thimbles 
and  flanges  about 2200  lbs. 

Wrought  iron  of  the  chimney,  in- 
cluding cast  iron  damper  (by 
actual  weighing) 2382  lbs. 

Three    pieces  of    rail    forming    the 

tripod  of  chimney,  about 850  lbs. 

The  |"  round  iron  and  1\"  gas  pipe 

serving  as  braces  to  the  tripod. .     123  lbs. 

The  castings  on  which  the  rails  of 

the  tripod  rest,  about 253  lbs. 

The  wrought  iron  about  doors  and  at- 
tachments, about 400  lbs. 

Cast-iron  pulleys  to  doors,  about 300  lbs. 

The  three  draw-bands  or  hoops  en- 
circling the  wall  of  the  building 
(by  actual  weighing) 1060  lbs. 

The  fire-brick  work  in  the  building, 
including  as  much  of  the  flue  as 
is  under  the  building,  all  tiles, 
lining  of  chimneys,  &c,  about 
1315  cubic  feet,  or  calling  the  bricks, 
cubic  foot  20  bricks 26,300 

*  The  part  of  the  outlet  pipe  extending  from  the  drum 
to  the  outside  of  the  building. 
t  So  much  of  it  as  is  within  the  sto 
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The  red  brick,  150  cubic  feet,  or  . .  .3,000  brks. 
Stone  in  the  foundation  of  the  wall 

of  the  building 206i  c.  ft. 

The  six  foundation  stones  of  the  rows 

of  pipes 123  c.  ft. 

The  service  thus  far  actually  perform- 
ed by  this  apparatus  is  as  follows  : 

The  furnace  to  which  it  was  attached 
was  in  blast  137  days.  After  the  first 
three  days  the  blast  was  maintained  very 
steadily  at  900°  Far.  to  the  end  of  the 
campaign,  or  134  days.  The  amount  of 
air  or  blast  heated  to  this  temperature 
averaged  during  the  time  2723  cubic  feet 
per  minute  ;  and  for  a  considerable  por- 
tion of  the  time  was  over  3000  feet.  The 
reports  based  on  the  number  of  revolu- 
tions and  size  of  the  blast  engine  make 
the  amount  of  blast  very  much  larger, 
but  to  avoid  all  error  by  leakage  of  pipes 
and  other  causes  I  have  given  the 
amount  received  by  the  furnace  calcula- 
tor on  the  basis  of  fuel  consumed  and 
probable  composition  of  gaseous  pro- 
ducts of  combustion. 

The  Superintendent, — Mr.  William  E. 
Rowell — informs  me  that  in  arriving  at 
the  temperature  of  the  blast  he  carefully 
checked  the  readings  of  the  guage  by 
means  of  the  fusing  point  of  alloys. 


The  building  proper  shows  no  harmful 
effects  of  heat.  The  wrought-iron  pipes 
and  drum  are  also  I  believe,  as  good  as 
when  put  in.  No  one  of  the  cast-iron 
pipes  or  bed  pipes  is  cracked  or  burned 
through,  nor  is  the  drum.  One  or  more 
of  the  six  upright  pipes  are  somewhat 
bent  from  the  weight  of  the  drum  and 
outlet  pipe  bearing  upon  them  while  hot, 
and  I  would  in  future  take  this  weight 
off  by  a  small  fire-brick  pillar  rising  to 
the  drum  from  the  center  of  the  floor  of 
the  chamber.  Some  of  the  joints  leaked 
on  account  of  defective  packing.  The 
pipes  and  flues  were  not  cleaned  during 
the  campaign. 

The  apparatus  performed  all  that  was 
required  of  it  for  the  furnace  to  which  it 
was  attached,  without  at  any  time  being 
forced  to  the  limit  of  its  capacity  or  en- 
durance, and  yet  I  think  all  who  are 
familiar  with  the  subject  will  agree  with 
me  that  the  performance  recorded  is  un- 
usually large  considering  the  size  of  the 
stove  and  the  amount  of  material  used 
in  its  construction  :  and  that  it  with- 
stood the  effects  of  the  high  temperature 
maintained  during  the  campaign  with 
unusually  slight  wear  or  destruction  of 
parts. 


SOME  MODERN  IMPROVEMENTS  IN  HOUSE  BUILDING.* 


From  "  The  Builder. 


I  propose  to  depart  somewhat  from 
the  subject  advertised  in  the  syllabus, 
and  refer  to  some  of  the  modern  improve- 
ments in  house-building,  believing  that 
instead  of  describing  a  few  of  the  most 
recent  improvements  possibly  hardly 
tried,  it  would  be  more  profitable  to 
consider  the  relative  merits  and  demerits 
of  certain  materials  and  improvements 
that  have  stood  the  test  of  time  to  a 
greater  or  less  degree,  and  with  which 
we  all  have  some  acquaintance, — in  the 
hope  that,  in  the  discussion  that  will  fol- 
low this  paper,  members  will  give  the 
result  of  their  experience  ;  and,  with  a 
view  to  prevent  the  subject  becoming 
too  wide,  I  propose  to  limit  the  paper  to 

*  A  lecture  before  the  Architectural  AssociatioD,  by  Mr. 
J.  Douglass  Mathews. 


those   improvements     that     pertain     to 
house-building. 

It  may  be  assumed  that  the  object  of 
inventors  in  introducing  new  materials 
and  modes  of  workmanship  for  house- 
building may  be  classed  as  follows  :  1. 
To  promote  health  and  comfort.  2.  To 
cheapen  the  cost  of  building.  3.  To 
save  labor  in  the  work  of  the  household. 
The  first  is  necessary  to  render  a  house 
truly  a  home,  and  the  advance  in  scienti- 
fic knowledge  naturally  conduces  to  im- 
provements, especially  in  reference  to 
sanitation.  The  second  is  a  matter  of 
considerable  importance  in  these  days 
when  the  cost  of  labor,  and  consequently 
the  production  of  all  hand-made  articles, 
is  materially  increased.  The  third  is 
rendered   especially  desirable,  now  that 
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domestic  service  is  so  little  sought  by 
those  who,  in  the  natural  course  of 
things,  are  fitted  for  this  work.  In  or- 
der to  systematize  the  paper,  I  propose 
to  consider  the  subject  as  far  as  possible 
in  the  order  of  the  trades  engaged  in 
house-building,  and  without  further  pre- 
face proceed  to  commence  with  the 
foundations. 

It  is  generally  admitted  that  in  all 
foundations,  except  rock,  firm  gravel,  or 
compact  sand,  a  layer  of  concrete  should 
be  thrown  in  trenches,  the  extremely  un- 
certain nature  of  clay  especially  requiring 
it.  Much  alteration  is  now  made  in  the 
admixture  and  manner  of  using  this  ma- 
terial. Formerly,  ballast  and  stone,  or 
chalk-lime,  were  used  in  the  proportion 
of  three  or  at  most  four  to  one,  and  the 
concrete  thrown  from  a  stage  seven  feet 
high  ;  71010,  recent  experiments  show 
that  good  burnt  ballast,  broken  bricks 
not  exceeding  about  two  inches  square, 
and  a  little  sand  used  with  the  ballast,  j 
may  be  used  in  the  proportion  of  five, 
and  some  say  as  much  as  eight,  parts  to 
one  of  good  fresh  ground  or  selenitic 
lime,  and  that  the  concrete  sets  much 
better  in  bulk  if  it  is  shoveled  into  the 
trenches  in  layers  not  exceeding  one  foot 
in  thickness,  instead  of  being  thrown 
from  a  stage.  In  all  cases  where  there 
is  any  water  blue  lias  lime  should  be 
used,  or  Portland  cement.  A  great 
safeguard  to  prevent  damp  rising,  and 
to  render  a  house  warm  and  healthy,  is 
to  spread  a  layer  of  Portland  cement 
concrete,  about  four  inches  thick,  over 
the  whole  site,  especially  on  a  clay  site 
or  one  of  made  ground.  The  prevention 
of  damp  rising  in  the  walls  is  a  matter 
requiring  careful  attention.  The  plan  of 
using  a  double  course  of  slates,  with 
three  layers  of  cement,  is  good  if  the 
workman  can  be  trusted  to  make  the 
beds  perfect,  and  to  break  the  joints  of 
the  slates  ;  but  in  case  of  settlement  the 
slates  will  break  and  the  wet  find  its  way 
up  the  wall.  A  strong  coating  of  tar 
and  sand  is  a  good  damp  course,  but  the 
same  objection  in  case  of  settlement  ap- 
plies to  this.  Engert's  asphalted  felt 
damp  course  is,  I  think,  as  good  as  any  ; 
it  is  cheap,  easy  of  laying,  and  will  ac- 
comodate itself  to  settlement,  but  care 
must  be  taken  to  properly  lap  each 
sheet.  Taylor's  stoneware  perforated 
damp  course  is  advantageous,  being  per- 


fectly damp  proof,  and  affording  at  the 
same  time  ventilation  under  the  floor,  as 
well  as  acting  as  a  good  bonding  course 
near  the  base  of  the  wall, ;  but  its  cost 
will,  I  fear,  prevent  its  general  use  in 
house-building.  The  means  of  keeping 
a  basement  dry  is  a  problem  that  is  diffi- 
cult to  solve.  The  usual  plan  of  a  so- 
called  dry  area  is  at  all  times  unsatisfac- 
tory ;  often  the  covering  gets  broken 
and  the  rain  enters,  or  the  area  becomes 
wet  instead  of  dry,  thereby  causing  a 
damp  atmosphere  outside  the  wall,  which 
in  time  draws  through  it,  and  occasions 
the  wall  to  be  constantly  wet.  If  dry 
areas  are  used  they  should  have  a  field 
drain-pipe  laid  in  the  bottom,  connected 
with  the  main  drain,  a  strong  covering 
not  likely  to  get  broken,  proper  air- 
gratings  used  to  ensure  a  current  of  air 
all  round  ;  and,  in  case  of  ties,  the  ends 
of  the  bricks  should  be  coated  with  tar. 
A  good  plan  would  be  to  build  a  hollow 
wall  with  a  space  of  about  two  inches 
tied  in  with  vitrified  bricks,  and  liquid 
tar  and  sand  poured  in  to  fill  up  the 
cavity  between  the  two  walls.  It  would 
be  more  satisfactory  in  all  cases  if  ce- 
ment were  used  for  rendering  the  inside 
of  basement  walls  instead  of  plaster,  or, 
better  still,  asphalt. 

The  great  demand  for  bricks  in  the 
metropolis,  and  the  frequent  transforma- 
tion of  suburban  brickfields  into  "eli- 
gible building  land,"  cause  at  times  great 
scarceness,  and,  by  reason  of  land  or 
water  carriage,  always  considerable  in- 
crease in  the  price  compared  with  that 
formerly.  The  adoption  of  some  other, 
or  at  any  rate  additional,  material  for 
the  construction  of  walls  is,  therefore, 
forced  upon  us,  and  this  material  appears 
to  be  concrete,  which,  I  believe,  may  be 
considered  the  building  material  of  the 
future.  Of  its  use  in  former  times,  and 
its  advantage  as  a  building  material  for 
modern  dwellings,  I  have  had  occasion 
to  speak  before  in  this  room,  and  its  ex- 
tended use  during  the  last  ten  years  af- 
fords us  the  opportunity  of  finding  out 
its  merits  and  defects.  The  introduc- 
tion of  Portland  cement  and  selenitic 
lime  has  done  much  to  enable  this  mate- 
rial to  be  used  in  a  way  that  it  never 
could  have  been  had  ordinary  lime  only 
been  available;  but  it  may  be  a  question 
whether,  notwithstanding  the  increased 
strength  and  consequent  decrease  in  the 
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thickness  of  walls  obtained  by  the  ce- 
ment, it  is  desirable  to  risk  its  use  in 
such  small  thickness  as  some  suggest  and 
adopt,  as  the  whole  strength  of  a  con- 
crete wall  is  dependent  wholly  upon  its 
homogeneity,  which  may  be  disturbed  by 
imperfect  foundations  or  other  causes. 
The  methods  adopted  for  its  use  hither- 
to have  been  principally  in  the  monolith- 
ic form,  by  constructing  temporary 
trenches  by  means  of  sliding  uprights 
and  boards,  and  filling  in  about  two  feet 
each  day.  One  of  the  advantages  claim- 
ed for  this  process  is,  that,  as  the  scaf- 
fold is  supported  by  the  wall  built  the 
previous  clay,  should  there  be  any  fault 
in  the  cement  or  in  the  admixture  of  the 
concrete,  it  is  at  once  found  out.  The 
chief  drawback  is  the  expense  of  the  ap- 
paratus, which,  however,  would  be  great- 
ly reduced  in  proportion  to  its  extended 
use.  To  obviate  this  expense  an  appara- 
tus has  been  patented  whereby  the  boards 
used  for  the  roofs  or  scaffolding  may 
serve  as  temporary  trenches,  and  the  up- 
rights to  support  them  made  to  slide  as 
telescopes,  instead  of  being  set  up  so  fre- 
quently, as  by  the  other  plan  ;  but  this 
method  has  not  the  advantage  of  prov- 
ing bad  work  so  readily  as  the  other,  and 
in  concrete  building,  more,  perhaps,  than 
in  anything  else,  good  work  is  an  abso- 
lute necessity.  There  is  no  doubt  that 
the  only  way  to  use  concrete  as  an  eco- 
nomical material,  and  as  one  cheaper  than 
bricks,  is  in  the  monolithic  form  ;  but  I 
cannot  help  thinking  that  it  would  be 
safer,  if  not  more  lasting,  to  use  it  as  a 
filling  or  core,  the  wall  being  built  in 
such  a  way  that  proper  bond  may  be  pre- 
served, as,  for  instance,  by  cement  blocks 
cast  hollow.  Terra  cotta  might  be  also 
used  for  the  facing  only,  trusting  to  the 
concrete  for  the  strength  of  the  wall.  A 
system  of  this  kind  has  lately  been  in- 
troduced by  Mr.  Sellers,  of  Birkenhead, 
the  blocks  being  formed  of  a  concrete 
composed  of  sand,  stone,  and  Portland 
cement,  and  each  block  bonded  to  the 
other  by  means  of  a  kind  of  beaded 
tongue  and  groove.  Tiles  |_-shaped,  and 
of  the  size  and  texture  of  an  ordinary 
brick,  are  made,  which  are  built  in  courses 
as  bricks  on  the  outer  and  inner  face  of 
the  wall,  and  concrete  filled  between. 
Ordinary  bricks  have  been  used  as  an 
outer  and  inner  face,  with  bonding  bricks 
•or  courses  at  intervals,  and  the  caf  ity 


filled  in  with  concrete,  but  these  methods 
are  all  more  or  less  expensive,  and  can 
only  be  cheaper  than  ordinary  brick 
work  where  great  thickness  is  required 
for  strength  or  appearance.  In  passing- 
through  Staffordshire  and  other  iron 
counties,  one  cannot  but  be  struck  with 
the  apparent  waste,  not  to  say  deface- 
ment of  the  country  by  the  mountains 
of  scoriae  from  the  furnaces,  for  which 
little  or  no  use  has  yet  been  found,  but 
in  the  economy  of  nature  this  cannot  be 
intended  to  remain  long  without  a  pur- 
pose. Why  may  not  this  be  used  in  the 
manufacture  of  hollow  blocks  such  as  I 
have  mentioned?  The  answer,  doubt- 
less, would  be  that,  when  exposed,  the 
weather  would  act  on  some  of  the  in- 
gredients, and  disintegrate,  and  finally 
perish  them.  If  this  is  so,  is  there  no 
system  of  indurating  or  water-proofing, 
such  as  Ransome  or  Szerelmey  has  in- 
vented, or  as  some  equally  enterprising 
person  could  invent?  This  method 
would  admit  of  considerable  variety  of 
architectural  treatment,  as  the  blocks 
could  be  cast  with  any  ornament,  sunk 
or  otherwise,  and  would  have  advantage 
over  a  cemented  front  of  being  truthful 
in  appearance,  on  account  of  the  building 
being  erected  course  by  course.  Whilst 
speaking  of  architectural  treatment  I 
may  remark  that  some  of  Soane's  or  the 
Adams'  buildings  may  be  studied  with 
advantage  in  ornamenting  concrete,  as 
flat  or  slightly  projecting  features  are  far 
more  suitable  than  heavy  ones ;  and  for 
this  purpose  sgraffito  has  been  used  with 
very  good  effect  in  some  recent  buildings 
— an  example  which  will  no  doubt  be 
largely  followed.  One  great  impediment 
to  the  extended  use  of  concrete  by  archi- 
tects is  the  necessity  for  cementing  the 
external  face.  But  I  believe  this  arises 
a  great  deal  from  prejudice,  as  the  value 
of  cement  as  a  material  is  admitted  on 
all  hands  ;  and,  had  it  not  been  used  v 
largely  as  a  cloak  to  hide  bad  work  and 
materials,  and  in  a  manner  to  imitate 
stone,  I  venture  to  think  it  would  have 
been  considered  a  fair  and  legitimate 
method  of  facing  and  ornamenting  build- 
ings. 

The  necessity  of  adopting  some  new 
material  for  a  general  roof-covering  is 
almost  as  great  as  for  walling, — at  any 
rate,  if  the  supply  of  slates  continues  as 
short  and  the  price  as  high  as  at  present. 
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For  general  purposes  there  is  no  better 
material  than  slate,  chiefly  on  account 
of  its  lightness,  and  the  comparatively 
flat  j^itch  at  which  a  roof  can  be  con- 
structed, both  of  which  tend  to  lessen 
the  cost  of  the  timbers  of  the  roof.  For 
appearance  and  comfort,  tiles  are  prefer- 
able, but  they  require  a  sharper  pitch  in 
the  roof,  and,  being  much  heavier  than 
slate  are  more  expensive  both  in  origi- 
nal cost,  in  labor  in  laying,  and  in  the 
strength  of  roof -timbers.  A  lighter  roof 
is  formed  by  the  Broomhall  tiles,  which 
also  have  the  advantage  of  being  fixed 
easily  ;  but  the  price  is  too  high  for  gen- 
eral use.  Recently  the  Somerset  tiles — 
such  as  the  corrugated,  Roman,  &c, — 
have  been  much  used  about  London,  and, 
as  the  price  is  very  little  more  than  the 
ordinary  pantile,  and  the  labor  in  laying 
the  same,  they  have  been  largely  in  de- 
mand for  covering  small  houses.  If  a 
superior  tile  were  made,  of  a  better  and 
more  uniform  color,  they  would  doubt- 
less be  greatly  used.  These  tiles  require 
torching  on  the  inside  after  laying,  and 
their  chief  defect  is  the  very  small  lap  to 
each  tile. 

They  are  very  porous  ;  but  I  believe 
a  coat  of  tar  on  the  inside  is  a  great  im- 
provement. A  tile  has  lately  been  in 
troduced,  called  the  bonding  roll  roofing 
tile,  which,  according  to  the  description, 
has  the  advantages  of  breaking  joint, 
and  thus  preventing  wind-stripping,  a 
perfect  bed,  the  corners  not  cut,  and' the 
ease  with  which  the  new  tiles  can  be  in- 
serted. The  price  is  moderate,  and  if 
the  color  is  good,  it  appears  to  me  to  be 
likely  to  supply  the  demand  now  created. 
The  designs  for  the  tile  ridges  are  much 
improved,  and  the  cleverly-modeled  fini- 
als  and  terminals  lately  introduced  add 
wonderfully  to  the  effect  of  the  roof. 

Before  considering  the  construction  of 
floors  I  may  remark  generally  on  the 
difficulty  of  getting  well-seasoned  tim- 
ber. In  no  way  is  the  effect  of  compe- 
tition shown  more  strikingly  than  in 
this  :  timber  is,  in  many  cases,  brought 
direct  from  the  dock  to  the  ground,  cut 
up  and  used  at  once  in  the  building, 
shrinkage  ensues,  and  cracks  in  plastering 
of  partitions,  ceilings,  and  sometimes  in 
brickwork,  are  the  necessary  result. 
Formerly  a  builder  would  keep  timber 
for  years  in  his  yard  before  use  ;  but, 
except  with  large  firms,  capital  is   too 


I  valuable  to  allow  of  its  lying  idle  in  the 
shape  of  timber  stacks. 

There  are  many  advantages  in  the  use 
of    a  concrete  or  iron  floor  ;    and  here, 
again,  I  would  say  that  I  believe  concrete 
:  is  capable  of  further  development.     The 
system  of    fireproof    flooring   has   been 
much   cheapened    by  the   use   of    rolled 
joists,  filled  between  with  slabs  of  con- 
crete ;  but  the  cost,  however  economi- 
cally used,  compares  unfavorably  with 
!  an  ordinary  wooden  floor,  chiefly  on  ac- 
count of  the  boards  and  joists.    Homan's 
or  Phillip's  plan  of  laying  iron  joists  two 
feet  six  inches  apart,  filled  in  between 
;  with  concrete,  and  rendered  doubly  secure 
by  the  use  of  light  T  bars,  varying  from 
two  inches  to  twelve  inches  apart,  makes 
;  a  good   and   economical  floor.     A  plan 
adopted  by  Messrs.  Moreland  is  to  lay 
«  strong  iron  joists  or  girders  about  eight 
!  feet  distant,  with  light  iron  bow-string 
girders  about  two  feet  six  inches  apart. 
The  concrete  passing  through  the  inter- 
stices  of    the  iron  truss  forms  one  con- 
\  tinuous   slab  from  wall   to  wall.      The 
most     inexpensive     mode     of     forming 
concrete  floors  that  I  have  seen  is  that 
invented  by  Mr.  Allen,  and  used  in  the 
Waterlow  dwellings,  which  consists  of 
rolled  iron  joists  about  six  feet  or  eight 
i  feet   apart,   with   a    wrought   iron  bar, 
about  three  inches  deep,  laid   on  top  ; 
I  this  is  drilled  for,  and   light  iron  rods, 
I  about  one  and  a  half  inches  in  diameter, 
|  run  from  one  to  the  other,  and  the  whole 
!  is  encased  in  concrete  six  inches  deep. 
1  In  each  of  the  foregoing  the  ordinary 
!  wooden  floor  is  laid  above  with   shallow 
,  joists.   Mr.  Lascelles  has  recently  patent- 
ed a  plan  by  which  concrete  is  used  in 
slabs  or  tiles,  and  when  used  for  a  floor 
I  the  tiles  are  laid  on  iron  or  wooden  joists 
I  the  width  of  the  tile  apart.     The  slabs 
|  being  faced  on  both  sides  serve  for  floor 
and  ceiling  at  the  same  time.     I  believe 
in  some  concrete  houses  the  floors  have 
been  finished  with  Portland  cement,  and 
a  fillet  laid  round  the  room  flush  with 
the  floor  for  the  purpose  of  nailing  the 
|  carpets.    If  wooden  borders  are  required, 
parqueterie  or  ordinary  wood  could  be 
laid  round,  of  the  width  required,  and 
the  moderate  price  at  which  this  mate- 
rial can  now  be  obtained,  compared  with 
the  effect  produced,  is  a  great  induce- 
ment to  its  use.     If   an  entire  wooden 
floor    were   needed,    wooden   blocks    or 
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bricks  about  one  and  a-half  inches  thick 
(introduced  by  Mr.  W.  White),  similar 
to  those  often  used  in  schools  and 
churches,  make  an  excellent  floor.  In  all 
basement  floors  the  use  of  the  solid 
blocks,  properly  Burnetized,  is  recom- 
mended, because  thei  ruse  does  away 
with  the  need  of  ventilation  under  the 
floors,  which  is  often  very  imperfect,  and 
it  also  saves  at  least  twelve  inches  in 
the  height  of  the  walls  all  round. 

A  substitute  for  the  wood-framed 
quarter  partitions  is  much  to  be  desired. 
It  is  impossible  to  divide  all  the  rooms 
on  the  upper  stories  in  the  same  manner 
as  below,  and  therefore  brick  walls  can- 
not be  carried  through  the  house.  To 
meet  the  difficulty,  partitions  must  be 
used,  and  these  are  best  formed  as  a  truss, 
throwing  the  weight  on  the  walls  rather 
than  on  the  floor.  If  these  partitions  are 
formed  of  timber,  shrinkage  is  sure  to 
take  place,  and  with  it  cracks  in  the 
plastering  of  the  walls  and  ceilings, 
which,  to  say  the  least,  is  unsightly.  A 
truss  formed  of  iron  and  the  partitions 
built  in  hollow  bricks  or  concrete  blocks 
would  answer  the  purpose  if  cost  were 
not  an  object.  Wherever  partitions  are 
set  one  above  another,  or  on  brick  walls, 
it  is  best  to  use  nogged  rather  than 
quarter  partitions. 

One  of  the  advantages  of  railway  con- 
veyance is  the  increased  facility  for  pro- 
curing stone.  This  is  proved  by  its 
almost  universal  use  in  dressings,  even  in 
small  houses.  The  stone  to  be  adopted 
must,  of  course,  depend  on  the  locality, 
and  before  building  care  should  be  taken 
to  ascertain  the  relative  advantages  and 
disadvantages  of  the  local  stone. 

Two  or  three  kinds  of  artificial  stone 
are  manufactured,  and  which  are  really 
concrete.  Ransome's  Patent  Concrete 
Stone,  which  has  been  the  longest  in  use, 
has  for  a  time,  at  least,  I  believe,  ceased 
to  be  made  in  London.  This,  however, 
I  think,  arises  more  from  the  difficulty 
of  overcoming  the  prejudice  which  ex- 
ists with  all  new  materials  than  from 
faults  in  manufacture.  A  stone  of  a 
somewhat  similar  nature,  called  the 
"  Patent  Victorian  Stone,"  has  been  more 
successful,  probably  because  the  manu- 
facturers laid  themselves  out  more  for 
the  practical  than  the  artistic.  Much  of 
the  paving,  sinks,  &c,  made  by  this 
company,  some  years  ago,  have  stood 


the  test  of  time  well,  and  in  cases  where 
repetition  of  an  article  is  required  it 
competes  successfully  with  natural  stone. 
Another  artificial  stone,  which  is  con- 
crete, composed  of  coal  breeze  and  Port- 
land cement,  is  made  by  Mr.  Matthew 
Allen,  who  claims  for  it  extreme  dura- 
bility, and  recommends  its  use  in  steps, 
paving,  &c. ;  and,  being  a  moulded  ma- 
terial, the  cost  is  much  less  than  stone. 

Terra  cotta  as  an  ornamental  material 
has  not  found  favor  to  the  extent  its 
strength  and  durability  demand,  but  for 
ordinary  work  this  is  scarcely  to  be 
wondered  at,  as  the  expense  of  model- 
ing, moulds,  &c,  in  addition  to  the  ac- 
tual casting,  is  very  great,  so  that  even 
with  a  fair  amount  of  repetition  its  cost 
exceeds  that  of  stone,  and  this,  added 
to  the  uncertainty  in  delivery  and  risk 
of  imperfect  castings,  causes  it  to  find 
but  little  favor  with  the  ordinary  house- 
builder. 

The  introduction  of  selenitic  lime  is  a 
great  advantage  to  plasterers,  as  its 
quickness  in  drying  enables  each  coat  to 
be  followed  on  almost  immediately, 
thereby  saving  much  labor  in  shifting 
scaffolds,  &c.  Whether  it  fulfills  all  the 
advantages  claimed  for  it,  is  a  matter 
which  my  own  experience  will  not  allow 
me  to  say,  but  having  adopted  it  on 
several  occasions,  I  am  satisfied  with  the 
result. 

The  use  of  carton  pierre  has  largely 
increased  as  an  ornamental  material  to 
supersede  plaster,  and  the  castings  are  as 
a  rule  sharp  and  well  executed  ;  the 
lightness  of  the  material,  and  the  ease 
in  fixing  are  also  advantages  in  its  fa- 
vor, but,  like  all  cast  materials,  it  requires 
care  in  fixing,  because,  being  in  short 
lengths,  the  lines  are  not  always  perfect- 
ly true. 

It  is  somewhat  remarkable  that  no 
substitute  has  been  found  for  the  ordin- 
ary plaster  ceiling.  Two  materials 
more  opposed  to  each  other  than  timber 
and  plaster  could  hardly  be  found — the 
one  almost  naturally  deflecting,  and  the 
other  as  surely  cracking.  Possibly  the 
chief,  if  not  the  only,  reason  for  its  con- 
tinued use  is  that  plaster  is  in  a  great 
measure  fire-proof.  If  some  such  ma- 
terial as  carton  pierre  could  be  made 
fireproof  it  might  be  screwed  up  to  the 
ceiling  in  slabs,  and,  if  necessary,  the 
joint  covered  by  an  ornamental  moulding 
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or  rib  to  form  panels.  Since  writing  the 
foregoing,  I  find  that  a  system  has  lately 
been  patented  which  in  a  great  measure 
meets  my  suggestions.  Mr.  Hitchins 
forms  slabs  about  a  yard  square,  prepar- 
ed in  a  somewhat  similar  manner  to  car- 
ton pierre,  and  secured  with  zinc  nails  to 
the  joists  ;  the  slab  being  rough  has  a 
setting  coat  either  in  plaster  or  Parian 
cement  laid  on  in  the  usual  manner, 
after  it  is  fixed,  which  effectually  con- 
ceals the  joists.  The  edges  of  the  slabs 
being  bevelled,  each  one  forms  a  kind 
of  dovetail  into  the  others.  A  ceiling 
by  this  means  is  very  quickly  and  clean- 
ly put  up,  and  the  cost  is  very  little  be- 
yond that  of  ordinary  plaster. 

The  substitution  of  cement  for  wood 
skirtings  is  an  advantage,  preventing  a 
harbour  for  vermin  and  a  run  for  rats 
and  mice,  and,  if  used  with  a  concrete- 
floor,  these  undesirable  domestic  pests 
would  be  almost  exterminated. 

Notwithstanding  the  enormous  in- 
crease in  the  cost  of  almost  every  build- 
ing material  during  the  last  few  years, 
the  ordinary  joiner's  work  proves  in  a 
great  measure  an  exception  ;  this  is  ac- 
counted for  by  the  admirable  machinery 
which  has  from  time  to  time  been  invent- 
ed for  saving  manual  labor,  and  which 
has  now  arrived  at  that  state  of  perfec- 
tion that  a  door  may  be  prepared  in 
every  part,  even  to  the  sand-papering, 
by  machinery,  excepting  only  the  wedg- 
ing and  pinning  together  and  mitreing 
the  mouldings.  The  circular  band-saw 
affords  great  facilities  for  executing  or- 
namental fret  and  curved  work,  at  a  very 
moderate  price.  Machinery  being  now 
so  generally  used,  joiners'  work  should 
be  specially  designed  for  its  manufacture 
n  this  manner,  as  handwork,  such  as 
special  mouldings,  greatly  increases  the 
cost  without  in  the  ordinary  way  pro- 
ducing a. corresponding  effect,  and  es- 
pecially as  the  cost  of  making  a  special 
plane  for  working  mouldings  to  design 
is  in  most  cases  almost  nominal. 

In  no  part  of  the  inside  of  a  house  has 
more  care  been  of  late  bestowed  than  in 
the  design  of  the  staircase,  and,  it  must 
be  admitted,  with  satisfactory  results, 
the  newels  and  balusters  affording  a  good 
opportunity  for  architectural  treatment  ; 
but  it  is  worthy  of  remark  that  the  too 
frequent  use  of  sinkings  and  multiplica- 
tion of  small  mouldings,  although  effec- 
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tive  in  drawing,  and  possibly  in  execu- 
tion, should  be  avoided,  as  they  form 
capital  receptacles  for  the  accumulation 
of  dust,  which  in  a  short  time  becomes 
a  cake  of  mud. 

The  introduction  of  hand-painted  tiles 
has  been  the  means  of  causing  the  stereo- 
typed marble  chimney-pieces  to  be  in  a 
great  measure  superseded,  and  the  ad- 
mirable way  in  which  they  have  been 
used  in  connection  with  wood  has  given 
an  opportunity  for  design  that  will  not 
readily  be  given  up.  Some  excellent 
printed  tiles  have  been  made,  well 
drawn,  and  extremely  moderate  in  price, 
and  well  adapted  for  chimney-pieces  and 
wall  linings.  In  connection  with  chim- 
ney-pieces tile  hearths  may  be  mentioned 
as  an  improvement  not  only  m  appear- 
ance, but  also  on  account  of  their  clean- 
liness. 

Much  attention  has  been  given  of  late 
to  the  design  and  manufacture  of  stoves. 
Instead  of  being  limited  to  the  two  or 
three  descriptions  of  the  well-known 
register,  we  have  now  a  large  variety  of 
stoves,  all  claiming  advantages,  either  in 
economy,  in  heat,  or  in  saving  of  coals. 
The  wasteful  way  in  which  we  English- 
men use  coals  is  admitted  on  all  hands, 
and  when,  a  winter  or  two  ago,  the  price 
of  coals  became  so  enormous  as  to  pro- 
duce almost  a  famine,  the  direction  of 
stove  manufacturers  was  naturally  led  to 
devise  some  plan  for  their  more  economi- 
cal use.  Without  attempting  to  describe 
all  or  any  of  the  improved  stoves,  they 
maybe  classed  under  three  heads:  First, 
those  that  warm  the  air  admitted  from 
without  and  deliver  it  in  an  upper  room 
or  other  portion  of  the  house.  Second, 
those  that  provide  means  for  delivering 
the  warmed  air  in  one  or  more  parts  of 
the  room  in  addition  to  the  fireplace. 
Third,  those  that  by  polished  surfaces 
reflect  the  heat,  or  by  fire-clumps  or 
other  substances  retain  the  heat.  All 
these  descriptions  make  use  of  the  ordi- 
nary open  fire,  and  for  the  purpose  of 
house-warming,  as  well  as  for  comfort, 
it  is  not  probable  that  this  form  will  be 
speedily  abandoned.  At  the  same  time, 
notwithstanding  the  improvements  and 
the  economy  resulting  from  the  use  of 
the  heated  air  at  the  back  of  the  stove, 
which  was  formerly  lost,  a  considerable 
portion  passes  up  the  chimney  without 
being  available  for  the  purpose  of  the 
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house,  and  there  does  not  appear  to  be 
any  means  of  remedying  this,  unless  the 
smoke  is  again  passed  through  the  fire, 
as  is  the  case  with  the  smoke-consuming 
apparatus  fitted  to  boiler  furnaces.     The 
introduction  of  air  from  the  outside  of 
the  house  to  supply  the  stove  is  advocat- 
ed, and  doubtless  for  the  comfort  of  the 
inmates  it  is  better  that  the  fire  should 
be  fed  in  this  manner  rather  than  by.  the 
air  in  the  room;  but  I  believe  this  plan 
increases,   rather    than    diminishes,   the 
quantity  of    coals    consumed.     The  ex-  j 
tended  use  of  kitcheners  is  fast  super 
seding  the  open  fire-ranges,  although  the  i 
latter  have  advantages   that  will  com-  \ 
mend  them  to  some  people;  but  the  con- 
veniences* possessed  by  the  close  ranges  j 
give   great   facilities   for   cooking   in  a ! 
small  space.     It  is  somewhat  surprisiug  i 
that    the    independent   cooking-ranges, ! 
such    as    are    in    almost   universal   use 
abroad,  are   so  little  adopted.     Several 
kinds   have   lately   been   introduced   to 
stand  in  a  chimney-opening  without  any  j 
setting.     The  front  and  sides,  as  well  as 
the  top,  are  available  for  cooking  pur- 
poses, and  the  cost  is  much  less  than  the 
ordinary  range,  whilst  the  saving  in  fuel 
is  considerable.     Possibly,  now  that  the 
culinary  art  is  being  taken  up  as  an  ac- 
complishment for  ladies,  and  as  part  of 
the  higher  class  education  for  girls  in 
board-schools,  we  shall  have  correspond- 
ing improvements  in  kitchen-ranges. 

We  now  pass  on  to  the  plumber,  and 
in  this  trade  probably  more  than  any 
other  have  the  inventors  and  patentees 
been  hard  at  work.  The  recent  regula- 
tions of  the  Board  of  Trade,  requiring 
the  Metropolitan  Water  Companies  to 
furnish  a  constant  instead  of  an  inter- 
mittent water-supply,  within  a  certain 
number  (I  believe  now  about  nine)  years 
has  occasioned  an  entire  alteration  in 
the  system  of  water-fittings  to  houses. 
From  the  time  the  regulations  were  is- 
sued, all  new  buildings  were  to  be  fur- 
nished with  pipes  and  fittings  suitable 
for  a  constant  supply,  although  for  the 
time  being  the  supply  is  continued  as 
heretofore.  The  chief  end  gained  will 
be,  that  instead  of  water  being  rendered 
impure  by  storage  in  a  cistern,  it  will  be 
drawn  direct  from  the  main,  and  except 
for  a  supply  in  case  of  emergency,  cis- 
terns may  be  altogether  dispensed  with. 
The  service-pipes  being  always  charged, 


must,  of  necessity,  be  very  strong,  and 
therefore  the  heaviest  pipes  that  are 
made  are  used,  although,  where  f-inch 
pipe  was  formerly  used,  -^-inch  will  now 
be  sufficient.  The  ordinary  bib-cocks 
are  not  suitable  for  high-pressure,  be- 
cause with  a  full  way,  the  weight  of  wa- 
ter would  be  too  great  for  convenient 
use.  Screw-down  high-pressure  cocks 
are  substituted  ;  and  although  these  pre- 
vent the  force  of  water  at  once,  they  are 
open  to  many  objections,  chiefly  from 
the  slow  process  of  turning  the  water  on 
and  off,  which,  in  nine  cases  out  of  ten, 
to  save  trouble,  is  left  running,  and  thus 
occasions  a  considerable  waste.  Possi- 
bly some  day  we  shall  have  an  improved 
high-pressure  cock  invented  that  will 
remedy  these  objections.  Another  great 
alteration  is,  that  all  closets  must  be 
fitted  with  a  water-waste  preventer,  so 
called,  or,  in  other  words,  a  means  of 
storing  two  gallons  of  water  to  discharge 
into  the  water-closet  pan,  without  taking 
the  supply  direct  from  the  cistern  or 
main.  There  are  so  many  water-waste 
preventers  now  in  use  that  it  is  desirable 
to  find  what  is  generally  used  in  the  par- 
ticular district,  and  to  adopt  it,  as,  so 
long  as  the  water  companies -enjoy  their 
monopoly,  they  can  require  any  fitting 
they  may  please  to  be  used,  and  refuse 
to  lay  on  the  water  until  it  has  been  al- 
tered. In  some  of  these  preventers  I  be- 
lieve it  is  imperative  that  two  gallons  of 
water  should  be  discharged  every  time 
the  closet  is  used.  This  in  some  cases 
is  a  waste  of  water,  and  in  others  not 
sufficient,  especially  as  the  flush  is  so 
feeble,  by  reason  of  the  preventer  being 
fixed  so  near  the  apparatus.  The  use  of 
these  preventers  does  away  with  the  ex- 
pense of  a  regulator-closet,  which  is  an 
advantage,  and  the  simpler  and  less 
complicated  the  water-closet*  apparatus 
the  better  for  use. 

Earth-closets  have  now  been  adopted 
for  some  years,  and  where  the  soil  can 
be  made  use  of  in  the  garden  or  fields, 
they  are  advantageous.  The  chief  ob- 
jection to'them — viz.,  the  mixture  of  the 
liquid  with  the  solid  matter — has  been 
met  by  an  improved  arrangement  to 
carry  off  the  liquid  by  a  pipe  into  a  pit, 
where  it  is  filtered,  and  runs  into  an  over- 
flow drain,  or,  what  is  better,  is  used  for 
irrigation. 

The  increased  use  of  baths  has  created 
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work  for  plumbers,  and  the  advantages 
of  them  in  houses  are  very  great.  The 
waste-pipe,  if  not  properly  connected, 
is,  however,  often  a  source  of  evil  to 
the  inmates,  and  in  all  cases  should  be 
taken  outside  the  wall,  and  turned  into 
a  cesspool  or  gully,  so  that  no  direct 
communication  is  made  with  the  drain. 
The  most  expensive  part  of  a  bath  is  the 
supply  of  hot  water,  and  this  is  accom- 
plished by  two  or  three  methods,  the 
simplest  being  by  a  gas-stove,  or  a  bat- 
ten of  gas  under  the  bath;  but  this  is 
by  no  means  an  economical  plan,  as, 
although  the  first  cost  is  comparatively 
trifling,  the  consumption  of  gas  for  this 
purpose  soon  amounts  to  the  extra  cost 
of  providing  a  hot-water  apparatus. 
Another  plan  is,  to  fix  a  stove,  with 
boiler,  in  the  bath-room,  which  is  at- 
tended with  extra  trouble;  but  the  plan 
most  economical  and  easy  of  use  is  a 
wrought  iron  boiler  fixed  at  the  back  of 
the  kitchen-range,  and  pipes  laid  to  a 
hot-water  cistern  in  the  bath-room.  Al- 
though the  original  cost  of  this  plan  is 
the  greatest,  its  first  expense  is  also  its 
last,  as  the  kitchen  fire  is  utilized  for 
heating  the  boiler. 

When  opportunity  offers,  a  coil  of  hot- 
water  pipes  should  be  fixed  in  the  hall 
or  staircase,  communicating  with  the 
flow-pipe,  and  the  extra  expense  is  very 
trifling.  The  advantage  of  heat  in  the 
staircase  and  passages  is  almost  incalcu- 
lable; the  air  entering  the  rooms,  being 
warmed,  produces  an  equable  tempera- 
ture over  the  whole  house,  and  the 
chances  of  catching  cold  by  coming  di- 
rectly out  of  a  warm  room  into  an  air 
very  little  above  the  temperature  of  the 
external  air  is  greatly  reduced.  It  is  a 
great  convenience  in  every  house  to  have 
a  supply  of  soft  water  for  washing;  and 
even  in  London,  where  the  atmosphere 
is  much  purer  than  formerly,  I  believe 
this  is  practicable.  The  expense  in 
forming  a  water-proof  tank  under- 
ground, and  laying  special  drains,  has 
prevented  the  utilization  of  rain-water 
in  small  houses,  but  if  the  greater  part 
of  the  water  from  the  roof  were  collect- 
ed into  a  cistern  inside  the  house,  the 
cost  would  be  very  trifling. 

The  use  of  zinc  as  a  roof-covering  has 
lately  become  far  more  general  than 
formerly,  and  when  properly  laid  it  has 
proved  itself   a  useful   material  and   is 


much  cheaper  than  lead.  The  ready 
way  in  which  it  can  be  shaped,  and  the 
many  uses  to  which  it  is  capable  of  being 
applied,  will  doubtless  greatly  increase 
its  demand. 

A  word  or  two  on  drains  naturally 
follows  the  plumber's  work,  and  on  this 
subject  I  regret  so  little  advance  has 
been  ■  made  towards  perfection.  The 
glazed  earthenware  socket-pipe  is  very 
well  adapted  to  its  purpose,  if  care  in 
the  method  of  laying  could  be  insured, 
but  the  work  is  usually  intrusted  to  a 
workman  often  little  better  than  a  labor- 
er, with  whom  rests  the  responsibility  of 
laying  each  pipe  to  a  uniform  fall — that 
the  bottom  of  the  trenches  are  not  soft, 
that  the  pipes  are  carefully  jointed  all 
round  (in  nine  cases  out  of  ten  neglect- 
ed at  the  bottom,  causing  them  to  drop 
after  they  are  laid),  and  that  all  connec- 
tions of  soil  and  other  pipes  are  securely 
made,  and,  above  all,  that  the  drains  are 
properly  trapped.  All  these  things  are 
most  important,  but  their  position  makes 
it  difficult  to  properly  superintend  them, 
and  as  they  are  very  soon  hidden  out  of 
sight  after  they  are  laid,  everything  de- 
pends on  the  care  and  integrity  of  the 
workman.  A  great  deal  of  the  com- 
plaint of  bad  smells  arises  in  houses 
which  are  supposed  to  be  properly  drain- 
ed, by  their  faulty  laying  and  connec- 
tions, and  naturally  occasions  dissatis- 
faction to  all  concerned.  How  to  reme- 
dy this  I  know  not,  except  by  employing 
a  responsible  and  independent  person 
whose  sole  duty  it  is  to  do  work  of  this 
kind,  and  in  case  of  failure  subject  to  a 
heavy  fine.  This  is  perhaps  a  novel  idea, 
but  as  so  much  of  health  and  possibly  life 
is  due  to  the  perfectness  of  the  drains 
some  such  plan  is  desirable,  especially 
as  the  houses  in  which  the  least  care  is 
bestowed  are  often  tenanted  by  persons 
to  whom  the  want  of  it  proves  most 
fatal.  Drains  should  be  kept  as  far  as 
possible  out  of  the  house,  and  no  pipes 
except  the  soil-pipe  connected  with  them 
(and  I  believe  there  is  a  plan  whereby 
this  may  be  prevented,  but  I  do  not 
know  the  details).  All  waste-pipes 
should  be  carried  outside  the  house  into 
a  trapped  gully.  A  ventilating-pipe 
should  be  connected  with  the  soil-pipe, 
and  carried  well  above  the  roof  of  the 
house  and  clear  of  all  windows ;  and 
although   this   is  not   altogether   effec- 


180 


VAN  nostrand's  engineering  magazine. 


tual,  it  is  a  great  easement  to  the 
drains. 

The  almost  universal  use  of  gas  in 
houses  requires  special  provision,  and 
much  of  the  outcry  for  increased  venti- 
lation arises  from  its  use  :  so  long  as 
rooms  were  of  a  moderate  height,  and 
candles  or  oil  were  the  only  means  of  il- 
lumination, there  was  no  urgent  need 
for  ventilation,  but  now  that  the  tem- 
perature of  rooms  is  so  increased  by 
reason  of  the  gas,  some  method  of  get- 
ting rid  of  the  superfluous  heat  as  well 
as  the  impure  air  should  be  provided. 
If  instead  of  the  lights  branching  out 
from  the  chandelier  they  turned  inwards 
from  a  ring  under  a  kind  of  glass-trum- 
pet mouth  tube  communicating  with  a 
ventilator,  much  benefit  would  arise.  As 
this,  however,  would  alter  the  style  of 
gasfitting,  there  would  doubtless  be  an 
objection  to  its  use  ;  failing  this,  a  hop- 
per in  the  depth  of  the  floor  over  a  per- 
forated ceiling-flower  and  a  ventilating- 
pipe  carried  into  the  flue  of  the  room 
above,  produces  a  manifest  improvement 
in  the  comfort  of  the  room.  Rickett's 
ventilating  burner  is  a  very  good  proof 
of  my  suggestion,  as  wherever  it  is  used 
it  gives  great  satisfaction.  I  dare  not 
go  further  into  the  subjcet  of  ventila- 
tion, this  being  a  topic  sufficient  for  a 
special  paper,  which  I  trust  some  one 
will  favor  us  with  during  the  next  ses- 
sion. 

A  great  outcry  was  raised  by  some 
architects  against  the  use  of  plate  glass, 
and  although  it  seriously  affects  a  de- 
sign, its  advantages  are  so  great  that  the 
public  are  not  at  all  likely  to  dispense 
with  its  use,  nor  to  be  content  with  it  in 
small  squares,  divided  by  very  heavy 
sash  bars.  As  a  kind  of  compromise, 
plate  glass  is  by  some  used  in  the  lower 
portion  of  a  window,  and  painted  or 
tinted  glass  in  ornamental  designs  in  the 
upper.  This  arrangement  has  caused 
the  subject  of  ornamental  glazing  to  be 
taken  up,  and  instead  of  the  matted  or 
embossed  glass  formerly  universally 
used,  a  good  effect  is  produced  by  glaz- 
ing in  tinted  glass  in  ornamental  pat- 
terns, or  by  slightly  painting  the  glass 
in  such  a  manner  that  its  transparency 
is  not  lost. 

A  process  has  lately  been  invented  to 
render  glass  non-fragile,  and  many  things 
are  promised  by  its  use,  but  as  the  manu- 


facture of  toughened  glass  is  in  its  in- 
fancy, very  little  has,  I  believe,  yet  been 
done  of  service  to  the  house-builder. 

The  decorative  treatment  of  iron  has 
been  well  developed  recently.  Much  of 
the  wrought  iron  work  is  really  artistic, 
and  the  designs  for  cast  iron  are,  as  a 
rule,  adapted  to  the  material  rather  than 
as  formerly  producing  in  cast  iron  a  de- 
sign only  fitted  for  wrought  iron.  Not- 
withstanding the  favor  in  which  graining 
has  been  held  for  a  long  time,  public 
taste  seems  now  to  incline  towards  orna- 
mental painting,  and  the  effect  produced 
by  a  room  artistically  decorated  is  very 
pleasing,  and  far  less  monotonous  to  the 
eye  than  the  repetition  of  graining.  The 
use  of  varnish  gives  the  work  painted  in 
this  way  all  the  advantages  that  former- 
ly only  belonged  to  grained  work. 

Design  in  paper-hangings  has  lately 
shown  great  improvement  ;  instead  of 
patterns  of  leaves  and  flowers,  and 
watered  satins  served  up  with  a  few  al- 
terations and  different  colors  year  by 
year,  some  of  the  best  designers  in  our 
profession  have  turned  their  attention  to 
the  subject,  and  the  appreciation  of  their 
designs  is  proved  by  the  fact  that  old- 
fashioned  patterns  are  fast  giving  place 
to  the  modern  ones.  One  of  the  great- 
est improvements  is  the  use  of  the  dado 
and  frieze  as  a  means  of  decoration,  and 
as  a  common-sense  way  of  papering  a 
living-room  and  stair-case,  and  with  or- 
dinary care  in  the  selection  of  color, 
either  in  complement  or  contrast,  the 
effect  cannot  be  other  than  satisfactory. 
And  now,  Mr.  President  and  gentlemen, 
I  have  worked  through  the  several  trades 
in  house-building.  I  am  aware  there  is 
much  more  that  I  might  have  brought 
forward,  but  I  fear  that  I  have  already 
tired  you  with  so  much  detail ;  but,  as  I 
expressed  at  the  commencement  of  the 
paper,  my  object  was  to  elicit  the  opin- 
ion and  experience  of  those  present  on 
the  improvements  in  house-building  gen- 
erally. I  now  leave  the  matter  in  your 
hands,  thanking  you  for  the  attention 
and  patience  with  which  you  have  been 
pleased  to  favor  me. 


The  Settle  and  Carlisle  Railway  is 
seventy-two  miles  long  and  has  cost 
£50,000  per  mile,  or  £3,600,000.  It  has 
steel  rails  throughout  of  82  lbs.  per  yard. 
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EXPERIMENTS  ON  THE  FRICTION  BETWEEN  WATER 

AND  AIR. 


By  Dr.  RITTER  VON  LANG. 


Proceedings  of  the  Eoyal  Society. 


The  method  adopted  for  estimating 
the  mutual  friction  of  water  and  air  con- 
sisted in  connecting  a  glass  tube  of  eight 
centims.  in  length  and  0.72  internal  di- 
ameter with  the  pipes  which  supply 
Vienna  with  water  at  a  pressure  of  four 
atmospheres.  Arrangements  for  securing 
a  vertical  position  for  the  tube  insure  a 
perfectly  continuous  jet,  devoid  of  any 
broken  surface;  and  a  glass  tube  sur- 
rounding this  jet,  with  its  axis  coincid- 
ing with  that  of  the  jet,  acts  as  an  aspi- 
rator into  and  along  which  air  is  drawn 
through  a  lateral  feeding-tube.  The 
amount  of  this  indrawn  air  correspond- 
ing to  the  fall  of  a  given  amount  of 
water  was  determined  by  observing  the 
rate  at  which  a  film  of  soap  was  borne 
along  the  feeding-tube  ;  and  the  velocity 
of  the  water  causing  the  indraught  was 
calculated  from  the  diameter  of  the 
water  column  and  the  quantity  of  water 
discharged  along  it  in  a  given  time  ;  but 
after  having  once  determined  the  form 
of  the  slightly  conical  water  column,  the 
amount  of  water  discharged  was  the 
only  datum  required  for  the  calcula- 
tion. 

The  influence  of  a  greater  or  less  sec- 
tion of  the  air-feeding  tube  on  the  vol- 
ume of  the  aspirated  air  was  carefully 
determined,  while  also  the  absence  of 
any  appreciable  retardation  due  to  the 
soap  film  was  established. 

Neglecting  the  slightly  conical  char- 
acter of  the  surface  of  the  water 
column,  and  assuming  (as  the  result  of 
experiments  in  which  the  motion  of  a 
smoke  cloud  was  observed)  that  the 
movement  of  the  air  was  throughout  in 
lines  parallel  to  the  axis  of  the  tube 
along  which  it  flowed,  and  showing  that 
the  pressure  does  not  vary  along  the 
length  of  the  tube,  the  author  proceeds 
to  discuss  the  hydro  dynamic  equations 
expressing  the  conditions  of  the  problem 
(the  motion  of  the  air  being  uniform  and 
independent  of  time),  and  represents  the 
volume  of  air  A  passing  through  the 
tube  in  a  second  as  : 


A=W 


R2 


,2>-2  (log.  R— log.  r 


)■ 


TV  being  the  weight  of  water,  in 
grammes,  discharged  in  a  second,  r  the 
radius  of  the  jet  in  turns  of  the  micro- 
meter screw  (6.8  turns  of  which  corre- 
spond to  1  centim.),  R  being  the  radius 
of  the  aspirating  tube. 

The  results  obtained  by  observation 
accorded  well  with  those  given  by  this 
equation,  so  long  as  the  value  of  R  did 
not  exceed  the  limit  within  which  the 
suppositions  regarding  the  motion  of  the 
air  hold  good. 

The  question  was  considered  whether 
the  results  might  not  be  brought  into 
even  closer  accord  with  theory  by  the 
assumption  that  a  slipping  action  takes 
place  between  the  air  and  the  water-jet 
on  the  one  hand,  and  between  the  air 
and  the  tube  on  the  other,  instead  of  the 
assumption  previously  made  that  the  air 
adhered  alike  to  the  water  and  to  the 
tube  in  its  passage.  The  result  of  the 
calculation,  however,  led  to  no  nearer 
approximation;  and,  finally,  experiments 
with  other  materials  for  the  tube  and 
gases  (namely,  coal-gas  and  carbonic 
anhydride)  were  made,  without  resulting 
in  any  marked  difference  from  the  re- 
sults obtained  with  air  and  gas. 


MM.  Pierre  and  Puchot  show,  says 
the  Chemical  JVeivs,  that  if  commercial 
hydrochloric  acid  cooled  down  to  a  tem- 
perature of  22  deg.  Cent. — equivalent  to 
7^  deg.  Fah. — is  supersaturated  with 
dry  hydrochloric  acid  gas,  an  abundant 
crystallization  ensues.  These  crystals 
are  decomposed  on  exposure  to  the  air, 
with  the  evolution  of  dense  white 
fumes.  In  water  they  dissolve  rapidly. 
Their  composition  is  four  equivalents  of 
water  to  one  of  hydrochloric  acid.  The 
authors  claimed  to  have  attained  the 
temperature  of — 35  deg.  Cent.  ( — 31 
deg.  Fah.)  with  mixtures  of  snow  and 
hydrochloric  acid,  which  they  recom- 
mend as  a  freezing  mixture. 
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REPORTS  OF  ENGINEERING  SOCIETIES. 

The  Eighth  Annual  Convention  op  The 
American  Society  of  Civil  Engineers. 

The  Convention  was  called  to  order  by  the 
Chairman,  Mr.  Thomas  C.  Clarke.  A  paper 
on  the  "  Erection  of  the  Verrugas  Bridge,"  by 
L.  L.  Buck,  published  in  the  regular  proceed- 
ings of  the  society,  was  presented  by  Mr. 
Virgil  C.  Boge,  and  received  with  much  in- 
terest by  the  members.  G.  S.  Morison,  then 
presented  a  paper  on  the  "New  Portage 
Bridge,"  which  was  published  in  the  January 
proceedings.  Mr.  W.  J.  McAlpine  was  then 
called  upon  to  contribute  to  the  discussion  of 
a  paper  by  Clemens  Herschel,  upon  "Waves 
of  Translation  that  emanate  from  a  Sub- 
merged Orifice,"  published  in  the  July,  1875, 
Proceedings  of  the  Society  by  that  gentlemen. 
Gen.  T.  G.  Ellis  made  some  remarks  on  the 
subject. 

After  this  followed  a  discussion  upon  Gen. 
T.  G.  Ellis's  paper  on  the  "Description  and 
Results  of  Hydraulic  Experiments  with  Large 
Apertures,  at  Holyoke,  Mass.,  in  1874,"  pub- 
lished in  the  February  Proceedings  of  the 
Society.  Mr.  Clemens  Herschel  offered  a  few 
remarks  commendatory  of  the  paper.  Gen. 
Ellis  then  made  some  remarks  upon  a  criti- 
cism of  his  work  published  in  one  of  the 
scientific  papers.  His  remarks  demonstrated 
the  extreme  care  with  which  his  experiments 
were  made,  and  only  added  testimony  to  the 
great  reliability  of  his  results.  He  even  went 
so  far  as  to  carefully  find  the  exact  value  of 
the  force  of  gravity  at  the  place  where  he 
experimented. 

A  report  of  a  committee  upon  an  "  Uniform 
System  of  Gauging  Streams"  was  then  sub- 
mitted by  Gen.  Ellis,  the  chairman.  The 
sense  of  the  committee  was  expressed  in  the 
remark  that  no  uniform  system  could  be 
established,  as  the  method  of  gauging  must 
be  adapted  to  the  conditions  of  each  stream. 
The  report  was  signed  by  but  two  members  of 
the  committee  of  three.  Then  followed  re- 
marks upon  "  Notes  and  Suggestions  upon  the 
Croton  Water  Works  and  Supply  for  the 
Future."  Mr.  J.  J.  R.  Croes  stated  that  it  was 
not  safe  to  depend  upon  inadequate  masonry 
aqueducts  set  in  embankments  where  the  em- 
bankments are  depended  upon  to  resist  the 
pressure,  as  they  have  all  settled  and  cracked 
longitudinally  throughout  great  lengths  of 
such  conduits.  He  recounted  several  instances 
of  these  failures,  and  his  opinion  was,  that 
the  masonry  should  be  strong  enough  to  resist 
the  whole  pressure. 

The  paper  entitled  "Notes  on  the  Improve- 
ment of  the  Mouth  of  the  Mississippi,"  by 
W.  M.  Roberts,  published  in  the  December, 
1875,  proceedings,  was  then  submitted.  Capt. 
James  B.  Eades  not  being  present,  Mr.  E.  L. 
Corthell,  First  Asst.  Eng.  So.  Pass  Jetty 
Works,  gave  an  account  of  many  interesting 
matters  connected  with  the  work.  It  was  a 
matter  of  remark  that  this  was  the  anniversary 
of  the  commencement  of  the  jetty  improve- 
ment. Mr.  Corthell's  paper  consisted  of  an 
extended  series  of  tables  showing  a  great  num- 
ber and  variety  of  very  interesting  facts  con- 


nected with  the  important  national  work 
under  his  superintendence.  His  remarks 
showed  the  great  result  obtained  in  one  year, 
and  gave  rise  to  a  conviction  that  it  is  ^a 
question  of  no  very  long  time  when  we  shall 
possess  a  magnificent  entrance  to  our  greatest 
river.  This  great  question  about  which  so 
many  theories  have  been  advanced  is  fast 
being  settled  by  experiment. 

The  next  paper  which  was  read  by  the 
secretary,  was  upon  the  same  subject  by  Capt. 
C.  W.  Howell,  of  the  U.  S.  Engineers,  showing 
the  failure  of  the  Jetty  System,  arguing  that 
such  would  be  the  case  from  the  facts  that 
have  been  obtained  in  the  case  of  certain 
foreign  rivers.  A  reply  to  this  paper  was  then 
made  by  Col.  W.  Milnor  Roberts,  the  author 
of  the  original  paper  under  discussion.  He 
corrected  many  of  the  statements  of  Captain 
Howell,  and  made  a  forcible  reply  to  that 
gentleman's  paper.  He  strongly  referred  to 
the  fact,  above  noted,  that  the  question  of  the 
success  of  the  Jetty  Sj^stem  at  the  Mississippi 
is  fast  being  settled  by  experiment  and  not  at 
the  expense  of  the  Government. 

It  was  stated  that  Capt,  Eades  in  the  past 
year  had  changed  the  depth  upon  the  Missis- 
sippi from  seven  or  eight  feet  to  nearly 
eighteen  feet,  and  that  several  of  the  largest 
ocean  steamers  had  recently  passed  in  and  out. 
Col.  Roberts  read  an  extended  and  very  valu- 
able communication  upon  the  subject  of  the 
Mississippi  Jetties  which  -"he  had  prepared 
without  reference  to  the  discussion  of  his 
paper.  This  additional  paper  showed  a  very 
extensive  and  searching  knowledge  of  the 
subject.  He  was  followed  by  Gen.  J.  G.  Bar- 
nard who  was  connected  with  the  surveys  at 
the  mouths  of  the  Mississsippi  almost  from 
the  commencement  of  the  agitation  for  the 
improvement  of  the  entrance  to  the  river,  and 
for  many  years  afterward.  He  recounted  the 
history  of  the  Canal  Project  for  accomplish- 
ing the  object  arrived  at.  He  became  of  the 
opinion  that  although  a  canal  might  be  built, 
it  would  not  furnish  the  desired  relief.  He 
was  satisfied  of  the  greatly  superior  desira- 
bility of  an  open  river  mouth.  This  conviction 
gained  ground  among  the  people  till  it  became 
evident  that  it  was  demanded  that  the  experi- 
ment of  an  open  river  mouth  communication 
should  be  tried.  Then  followed  an  account 
of  the  early  efforts  in  making  this  kind  of 
improvement.  The  first  was  by  dredges  and 
was  followed  by  an  attempt  to  build  jetties. 
These  efforts  were  followed  by  various  experi- 
ments and  theories  till  the  time  of  the  present 
experiment  which  gives  such  hopeful  promises 
of  success.  The  speaker  long  ago  had  no 
doubt  that  jetties  could  be  constructed  and 
maintained.  He  contributed  some  further 
facts  regarding  the  history  of  this  discussion 
and  then  closed. 

After  a  recess  of  an  hour  the  "Report  of 
the  Committee  on  Tests  of  American  Iron  and 
Steel,"  W.  Sooy  Smith,  Chairman,  was  sub- 
mitted. Mr.  Smith  appealed  to  the  society  to 
exert  itself  to  secure  a  suitable  appropriation 
to. carry  on  the  test  for  another  year.  There 
were  facts  cited  to  prove  the  necessity  of  a  con- 
tinuance of  these  experiments,  and  a  statement 
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was  made  tending  to  show  that  there  was  a 
great  deal  of  opposition  to  this  work,  that  the 
very  existence  of  the  Board  was  threatened. 

Mr.  Chester  said  that  he  was  assured  by 
private  information  that  Congress  was  much 
better  disposed  towards  the  subject  than  was 
imagined,  and  he  therefore  moved  that  means 
be  taken  to  provide  the  society  with  more 
extended  and  reliable  information  about  the 
matter. 

Mr.  Clemens  Herschel  reported  "On  the 
Metric  System  of  Weights  and  Measures." 

Mr.  Coleman  Sellers  opposed  the  adoption 
of  the  Metric  System  by  compulsion  or  law,  in 
a  well  chosen  speech  and  brought  forward 
many  facts  to  support  his  position.  He 
favored  the  legalizing  of  the  system,  but 
thought  that  the  pressure  for  its  adoption 
shoufd  come  from  the  people  and  not  be  forced 
upon  them. 

Prof.  J.  E.  Hilgard,  of  the  Coast  Survey, 
followed  Mr.  Sellers.  He  stated  that  it  would 
be  dangerous  to  the  introduction  of  the  System 
to  urge  a  compulsory  law  upon  Congress. 
His  reason  was  that  it  was  very  difficult  to  get 
any  attention  to  the  matter  from  the  members 
of  Congress.  He  believed  it  was  best  to  use 
it  and  teach  it  as  far  as  we  could  till  those  who 
had  learned  it  should  become  legislators,  when 
something  could  be  done. 

Mr.  Herschel  offered  two  resolutions  as  fol- 
lows: Resolved  that  the  Society  appoint  a 
committee  of  five  to  draft  a  memorial  to  Con- 
gress concerning  this  matter,  and,  Resolved 
that  the  American  Society  of  Civil  Engineers 
will  forward  by  all  legitimate  means  the  adop- 
tion of  the  Metric  System  in  the  government 
offices. 

A  motion  was  made  by  Mr.  Chestei  to  vote 
on  these  resolutions  by  letter  ballot. 

Mr.  Robert  Briggs  and  Prof.  DeV.  Wood, 
opposed  the  passage  of  the  motion  on  the 
ground  of  want  of  discussion.  Mr.  Herschel 
urged  that  the  adoption  of  the  motion  would 
favor  the  most  complete  information  of  the 
individual  members  upon  the  subject.  Mr. 
Briggs  still  opposed  the  motion.  Mr.  Chester 
then  withdrew  his  motion. 

A  motion  was  then  adopted  to  appoint  a 
committee  of  five  to  consider  these  resolutions 
and  report  at  the  next  Annual  Convention. 

Here  followed  a  report  on  Railroad  Ac- 
counts and  Returns  by  W.  P.  Shinn,  in  which 
was  given  valuable  information  and  principles 
of  such  accounts  and  returns.  He  believed 
that  such  accounts  and  returns  should  be  made 
upon  the  same  principle  by  all  the  various 
roads.  He  set  forth  an  exceedingly  simple 
and  comprehensive  set  of  headings  or  prin- 
ciples upon  which  such  accounts  and  returns 
could  be  kept.  The  paper  will  be  found  tp  be 
of  great  value  to  those  who  desire  information 
upon  these  matters.  A  committee  was  urged 
for  the  consideration  of  the  adoption  of  a 
uniform  system  of  keeping  these  accounts  and 
returns  and  a  consultation  with  State  Railroad 
Commissioners  looking  to  the  same  end.  The 
appointment  of  this  committee  was  opposed 
by  Mr.  Chas.  H.  Fisher,  Chief  Engineer  of  the 
N.  Y.  C.  R.  R.,  on  the  ground  that  State  Rail- 
road Commissioners  are  regarded  as  hostile 


organizations  by  railroad  companies,  and  that 
if  any  thing  was  done  the  roads  should  be 
consulted. 

Mr.  Chas.  Latimer,  Chief'  Engineer  of  the 
Atlantic  and  Great  Western,  gave  a  statement 
of  his  method  of  keeping  such  returns  which 
was  of  a  very  satisfactory  nature  and  sur- 
prisingly complete,  whilst  very  simple. 

Mr.  Ashbel  Welch  gave  an  additional  report 
on  the  "Form,  Weight,  Manufacture  and  Life 
of  Rails."  He  set  forth  some  interesting  ex- 
perience on  the  line  between  Philadelphia  and 
New  York  where  rails  had  withstood  excessive 
use  for  a  great  time.  The  report  was  ac- 
cepted. 

The  report  on  the  Nomenclature  and  Classi- 
fication of  Masonry  by  J.  J.  R.  Croes  told  of 
progress  made,  and  urged  more  general  assist- 
ance and  replies  from  the  members.     Adopted. 

Gen.  T.  G.  Ellis  read  the  report  of  the  Com- 
mittee on  the  Failure  of  the  Worcester  Dam, 
Mass.  The  dam  failed  because  of  leakages 
and  their  gradual  increase,  till  they  at  last 
rapidly  undermined  the  works,  causing  them 
to  cave  in  and  break  down  in  large,  masses. 
Accepted. 

Mr.  Wm.  J.  McAlpine  followed  with  some 
remarks  and  promised  a  communication  in 
which  should  be  set  forth  the  facts  which  he 
has  collected  in  his  work  of  restoring  the  dam 
and  rebuilding  it. 

The  Report  on  the  Resistances  of  Railway 
Trains  was  read  by  Mr.  Wm.  P.  Shinn,  which 
consisted  of  a  communication  from  Mr.  P.  H. ' 
Dudley,  of  the  L.  S.  &  M.  S.  R.  R.,  on  his 
experiments  with  the  Dynograph.  These  were 
very  careful  experiments  but  the  communica- 
tion, though  of  usual  length,  was  only  long 
enough  to  create  a  desire  for  further  informa- 
tion from  the  same  source. 

Mr.  Chas.  H.  Fisher  moved  the  immediate 
printing  of  the  communication  of  Mr.  Dudley, 
and  that  it  be  circulated  amongst  the  members, 
which  motion  was  adopted. 

Mr.  W.  Milnor  Roberts  moved  a  graceful 
tribute  of  thanks  to  the  Philadelphia  members 
for  their  numerous  courtesies.  Also  to  the 
Judges  of  the  Centennial  for  the  use  of  theif 
hall,  and  to  the  Chairman,  who  so  success- 
fully and  acceptably  presided  at  the  meetings. 

An  excursion  by  members  of  the  society 
was  made  on  June  16th  over  the  New  York  & 
Philadelphia  New  Line  R.  R. 

The  American    Institute  of  Mining  En- 
gineers. 
The  first  meeting  of  the  convention  of  this 
body  took  place  inPhiladelplra  on  the  evening 
of  June  20th,  at  the  Franklin  Institute,  Mr. 
Holley,  President,  in  the  chair. 

FIRST  DAY — TUESDAY,    JUNE  20. 

The  chairman  introduced  Mr.  Franklin  B. 
Go  wen,  President  of  the  Reading  Railroad, 
who  welcomed  the  members  to  the  city  in  an 
address  in  which  he  called  attention  to  the 
great  waste  attending  the  present  method  of 
mining  and  preparing  coal  for  market.  Great 
piles  of  the  purest  carbon  in  the  shape  of  coal 
dust  lie  near  the  mines,  and  their  presence  and 
character  may  possibly  puzzle  the  future 
geologist.     He  explained  a  recent  method  in- 
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vented  by  Mr.  Wootten  for  utilizing  this  waste 
in  making  steam  in  stationary  engines.  After 
a  trial  of  several  months  with  stationary  and 
locomotive  engines  he  believed  they  had  ob- 
tained results  equal  to  those  obtained  from  the 
most  expensive  coal. 

There  are  at  least  forty  million  tons  of  this 
material  lying  useless  in  the  anthracite  regions. 
He  threw  out  the  suggestion  that  this  material 
could  be  used  in  reverberatory  furnaces  in 
melting  iron.  The  prosperity  of  this  city  is 
dependent  upon  the  mining  interests  of  the 
State  of  Pennsylvania.  The  time  has  gone  by 
for  the  idea  that  practical  men  alone  are  re- 
quired to  develop  these  interests;  there  is 
needed  also  high  scientific  attainments  such  as 
this  Institute  represents. 

The  chairman  announced  the  election  as 
President  of  the  Institute  for  the  coming  year 
of  Mr.  Abram  S.  Hewitt,  whom  he  introduced. 

The  President-elect  then  addressed  the  con- 
vention. He  gave  a  history  of  the  progress  of 
mining  engineering  and  the  developments  of 
the  metals  during  the  last  hundred  years.  The 
first  pig  iron  made  from  American  ore  was 
smelted  in  England  in  1608.  In  1702  the  first 
furnace  was  built  at  Pembroke,  Mass.  The 
total  export  of  iron  in  1717  was  three  tons;  in 
1771  it  had  increased  to  7,525  tons.  The  pro- 
duction of  coal  in  the  year  1874  in  Great 
Britain  amounted  to  46.4  of  the  whole  product 
of  the  world;  in  the  United  States,  18.4.  In 
the  same  year  the  production  of  iron  in  Great 
Britain  was  45.2,  and  in  the  United  States  18.1 
of  the  whole  product.  This  shows  that  the 
production  of  coal  and  iron  in  any  country 
generally  bear  the  ssme  relations  to  each  other. 

The  leading  facts  in  the  mining  history  of 
the  country  may  be  enumerated  as  follows  : 
First,  the  erection  in  Centre  Square,  Phila- 
delphia, of  the  first  steam-engine  ever  built  in 
America;  in  a  hundred  years  steam  has  trans- 
formed the  face  of  the  earth;  second,  gold 
mining  in  the  South  in  the  early  part  of  the 
century;  third,  the  opening  of  the  anthracite 
coal  fields  and  the  use  of  anthracite  in  blast 
furnaces;  fourth,  the  use  of  raw  bituminous 
coal  in  the  blast  furnace;  fifth,  the  develop- 
ment of  the  copper  mines  in  Lake  Superior; 
sixth,  the  discovery  of  gold  in  California  in 
1848,  or  rather  its  re-discovery;  seventh,  the 
commencement  of  quick-silver  mining  in  1851 ; 
eighth,  the  introduction  of  the  Bessemer  steel 
process;  ninth,  the  commencement  of  hydraulic 
gold  mining;  tenth,  the  commencement  of  iron 
mining  in  the  Lake  Superior  region ;  and 
eleventh,  the  discovery  of  silver  in  the  Corn- 
stock  lode,  which  opened  an  era  of  speculation 
which  has  hardly  ceased  since  that  time. 

He  concluded  his  address  by  a  review  of  the 
situation  in  the  coal  region,  with  suggestions 
as  how  to  harmonize  the  relations  of  the  em- 
ployers and  employed. 

SECOND  DAY— WEDNESDAY,  JUNE  21. 

The  convention  of  Mining  Engineers  re- 
assembled Wednesday  morning  at  Judges' 
Hall,  Centennial  Grounds,  Mr.  Holley  in  the 
chair.  There  were  present  a  large  number  of 
scientific  gentlemen  from  this  and  other  coun- 
tries, including  Prof.  Joseph  Henry,  of  the 


Smithsonian  Institute,  Isaac  Lowthian  Bell, 
M.P.,  F.  E.  S.,  a  distinguished  iron-master  of 
England,  and  Dr.  Wedding,  member  of  the 
German  Cabinet  and  Commissioner  of  Mining. 
The  entire  session  was  occupied  in  the  read- 
ing of  a  long  and  valuable  paper  on  "The 
Theory  of  the  Action  of  the  Hot  Blast,"  by  I. 
Lowthian  Bell,  of  England. 

THIRD  DAY — FRIDAY,  JUNE  23. 

Prof.  G.  C.  Brodhead,  State  Geologist  of 
Missouri,  read  a  paper  on  the  lead  deposits  of 
Southeast  Missouri.  The  paper  dealt  prin- 
cipally with  the  percentage  of  galena  in  the 
various  qualities  of  ore.  "  The  lead  district 
covers  an  area  of  over  3,000  square  miles. 

Mr.  Oliver  Evans  Woods,  descendant  of 
Oliver  Evans,  read  some  original  documents 
relating  to  the  early  use  of  anthracite  coal  in 
the  smelting  of  iron.  These  papers  were  in 
the  form  of  affidavits  of  witnesses  to  Evans's 
experiments. 

April  5,  1806,  they  witnessed  an  experiment 
of  introducing  air  at  a  high  pressure  into  the 
furnace.  April  7,  1806,  Evans  made  a  public 
experiment  of  melting  iron  with  Lehigh  coal, 
which,  it  is  asserted,  is  the  earliest  date  at 
which  raw  anthracite  coal  was  ever  used  for 
that  purpose.  February  11,  1808,  a  public 
experiment  was  made  of  blowing  a  steam 
blast  into  the  furnace,  the  furnace  being  closed 
at  the  top,  with  a  heavy  cover  and  a  valve, 
which,  when  the  pressure  reached  a  certain 
point,  would  let  out  the  gases.  The  idea  ex- 
pressed in  the  paper  was,  that  the  steam  would 
be  decomposed  in  the  furnace,  and  furnish  a 
greater  amount  of  oxygen  than  atmospheric 
air,  and  in  this  way  great  economy  would  re- 
sult. 

Dr.  Wedding,  of  Germany,  made  a  few 
remarks  on  the  advisability  of  adopting  a 
uniform  nomenclature  for  the  various  qualities 
of  iron,  which  should  be  used  in  common  by 
the  four  great  iron-producing  nations — 
America,  England,  Germany  and  Sweden. 
Under  the  present  system  it  is  almost  im- 
possible to  understand  any  scientific  article 
because  the  quality  of  the  iron  can  not  be 
known  from  its  name.  For  instance,  the 
word  steel,  as  used  in  America,  has  an  entirely 
different  signification  from  the  "  stahl"  of 
Germany,  which  means  literally  anything  that 
can  be  hardened.  There  are  three  conditions 
of  iron  which  ought  to  be  definitely  known 
by  universal  names:  first,  the  iron  from  the 
blast  furnace,  which,  in  the  process  of  smelt- 
ing, takes  up  too  much  carbon;  second,  the 
metal,  after  it  has  passed  through  the  different 
processes  used  in  abstracting  this  carbon,  like 
the  Bessemer  process;  and  thirdly,  the  metal 
which  has  passed  through  the  carbonizing 
process.  He  suggested  suitable  terms  for 
these  three  conditions  of  iron. 

Messrs.  Firmstone,  of  the  Glendon  Iron 
Works,  and  Reese,  of  Pittsburgh,  saw  no  ob- 
jection to  the  terms  used,  but  thought  that 
trouble  would  arise  in  getting  rid  of  the  terms 
now  employed.    . 

Mr.  Egleston,  of  the  School  of  Mines, 
thought,  while  so  many  representatives  of  the 
iron   interests    of    the   four    countries    were- 
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present  in  the  city,  that  an  international  com- 
mittee should  be  appointed  to  consider  the 
matter,  and  made  a  motion  to  that  effect, 
which  was  carried. 

Mr.  Holley,  President,  liked  Dr.  Wedding's 
theory,  and  suggested  the  three  terms — "bloom 
metal,"  "piled  metal,"  and  "ingot  metal." 
To  this  Dr.  Wedding  was  agreed  in  respect  to 
the  first  and  last,  but  could  not  admit  "  piled 
metal,"  which  would  not  in  all  cases  de- 
scribe it. 

Dr.  Egleston  made  a  few  remarks  on  a 
recent  accidental  discovery,  made  in  the  School 
of  Mines,  of  the  character  of  Lake  Superior 
iron.  It  had  been  discovered  that  boracic 
acid  was  to  be  found  in  it,  and  tests  were 
being  made  to  find  the  metal  boron,  which 
would  account  for  the  peculiarity  -of  this 
iron. 

Prof.  J.  S.  Newberry,  State  Geologist  of 
Ohio,  read  a  paper  on  the  "Black  Band  Ore  of 
Ohio."  This  ore  is  in  the  form  of  a  carboni- 
ferous shale,  which  contains  about  25  per 
cent,  of  carbon,  and  after  calcination  about 
52  per  cent,  of  iron.  It  is  similar  and  almost 
identical  with  the  black  band  ore  of  Scotland, 
from  which  the  well-known  Scotch  pig  iron  is 
produced.  It  is  found  in  two  sections  of  Ohio, 
the  Mahoning  Valley  and  the  Tuscarawas 
region,  and  these  are  the  only  known  mines  in 
this  country.  The  quality  of  metal  is  unsur- 
passed, and  the  ore  lies  in  beds  averaging  ten 
feet  deep,  where  they  are  easily  worked. 

R.  W.  Hunt,  of  the  Troy  Steel  Works,  read 
an  interesting  historical  account  of  the  intro- 
duction of  the  Bessemer  steel  process  into  this 
country,  and  its  subsequent  improvement, 
until  now  there  are  twelve  Bessemer  steel 
plants,  which  turn  out  a  greater  quantity 
than  is  made  in  any  other  country.  He  paid 
a  deserved  compliment  to  Mr.  Holley,  the 
President,  who  was  foremost  in  these  improve- 
ments, and  to  whose  genius  the  successful 
prosecution  of  the  manufacture  was  mainly 
due. 

Mr.  Pearse,  of  Harrisburg,  called  attention 
to  the  fact  that  the  late  J.  Edgar  Thomson 
was  an  early  advocate  of  the  new  process,  and 
had  made  all  necessary  arrangements  for  in- 
troducing it  when  Mr.  Holley  secured  the 
patents.  It  was  through  him  that  the  Penn- 
sylvania Railroad  Company  became  the  apostle 
of  the  new  steel  in  this  country,  and  broke 
down  the  prejudices  in  the  minds  of  railroad 
men  against  it. 

The  first  paper  read  at  the  afternoon  session 
was  on  the  subject  of  the  "  Manufacture  of 
Iron  Rails,"  by  W.  E.  C.  Coxe,  Superintendent 
of  the  Reading  Railroad  Iron  Works.  He 
stated  that,  in  1866,  the  Reading  Railroad 
Company  determined  to  manufacture  their 
own  rails,  so  as  to  secure  the  best  possible  rail 
for  use  on  their  tracks.  In  that  year  a  great 
variety  of  rails  were  used,  some  of  which 
lasted  only  six  weeks.  The  works  were  com- 
pleted and  put  into  operation  in  1868.  Nine 
thousand  tons  of  these  were  laid  in  1868,  of 
which,  at  the  end  of  1875,  only  50  per  cent, 
had  been  removed  from  the  tracks.  It  was 
evident,  after  a  short  trial,  that  the  Company 
saved  money,  not  only  in  the  first  cost  of  the 


rails,  but,  what  is  more  important,  in  the  cost 
of  repairs. 

A  discussion  then  took  place  on  the  paper  of 
I.  Lowthian  Bell,  on  the  theory  of  the  hot 
blast.  So  few  could  hear  the  paper  when  it 
was  read  in  Judges'  Hall  that  there  was  a  gen- 
eral desire  to  postpone  discussion  until  the 
paper  was  in  print. 

Mr.  Bell  gave  a  resume  of  the  paper,  laying 
special  stress  upon  the  point  that  the  action  of 
the  blast  furnace  was  a  chemical  one.  By  his 
experiments  he  had  found  that  when  he  got  to 
a  certain  composition  of  the  gases  further 
action  ceased.  Fully  one-seventh  of  all  the 
pig  iron  produced  in  the  world  is  made  in 
England  alone  with  the  hot  blast.  He  was 
willing  to  believe  some  things  which  he  could 
not  understand;  one  was  that  he  had  often 
heard  in  this  country  that  the  hot  blast  would 
not  produce  good  car-wheel  iron. 

Mr.  Firmstone  said  he  believed  the  reason 
for  this  was,  because  with  the  hot  blast  a 
greater  amount  of  silicon  was  left  in  the  iron. 
It  was  a  fact  that  ores  that  would  make  good 
car-wheel  iron  with  cold  blast  would  not  do  so 
with  the  hot  blast. 

Dr.  Wedding  gave  a  theory  of  his  own  as 
to  the  effect  of  raising  the  temperature  above 
a  certain  point  in  the  furnace;  he  had,  how- 
ever, abandoned  it  since  Mr.  Bell's  experiments 
with  the  furnace  itself,  and  agreed  with  that 
gentlemen  in  his  conclusions. 

Mr.  L.  A.  Riley  gave  the  results  of  his 
observations  in  boring  with  the  diamond  drill 
in  exploring  the  coal  fields,  giving  the  cost  of 
such  explorations. 

Mr.  J.  B.  Britton,  of  the  Ironmasters'  La- 
boratory, read  a  paper  on  the  composition  of 
flue  deposits.  He  gave  the  results  of  several 
analyses  from  the  flues  of  different  iron  fur- 
naces, showing  that  a  large  amount  of  phosphor- 
ous was  volatilized  and  expelled  from  the  blast 
furnace,  as  well  as  large  amounts  of  soda  and 
potash.  These  deposits  have  been  found  to 
be  of  great  value  as  fertilizers. 

Mr.  H.  S.  Munroe,  of  Portland,  read  a  paper 
on  the  extent  and  nature  of  the  coal  fields  of 
Japan.  The  early  estimate  of  the  mineral 
wealth  of  Japan  was  a  very  erroneous  one. 
Gold  was  supposed  to  exist  in  great  abundance; 
this  is  not  the  fact ;  the  most  valuable  mineral 
found  is  coal.  The  coal  yield  in  1874  was 
436,800  tons,  and  is  increasing  annually;  it 
will  probably  become  an  important  element  of 
wealth.  All  kinds  of  fossil  fuel  are  found. 
The  coal  deposits  are  of  recent  origin,  and 
resemble  brown  coal.  The  limit  of  workable 
coal  is  about  two  feet. 

At  the  evening  session,  Mr.  Julian  Debyr 
of  Belgium,  read  a  paper  on  the  process  of 
sinking  deep  shafts.  He  said  he  would  have 
illustrated  his  remarks,  but  he  had  been  un- 
able, after  six  weeks'  endeavor,  to  get  his 
drawings  out  of  the  Custom  House  in  New 
York  on  account  of  some  alleged  informality 
in  the  papers.  The  difficulty  to  be  surmounted 
in  sinking  mining  shafts  below  the  water  level 
is  to  get  a  tubing  strong  enough  to  sustain  the 
outside  pressure.  Mr.  Chaudron,  a  Belgian 
Engineer,  finally  solved  it  by  constructing  a 
tube  of  cast  iron  in  sections  with  flanges,  each 
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section  being  thoroughly  tested  with  hydraulic 
pressure.  The  advantages  of  this  system  are 
the  complete  isolation  of  the  water  from  all 
the  workings;  the  durability  of  the  shafting; 
the  great  diminution  in  the  cost  of  sinking 
the  shaft;  the  obviation  of  any  necessity  for 
pumping  machinery  during  the  boring  and 
nearly  so  afterwards;  the  greater  degree  of 
comfort  to  the  miner  by  the  absence  of  water 
and  the  possibility  of  traversing  any  number 
of  water  levels  irrespective  of  the  amount  of 
water  thejr  contain. 

Mr.  F.  L.  Clerc  read  a  paper  on  a  new  pro- 
cess of  spelter  manufacture,  which  promises 
to  secure  a  greater  percentage  of  metal  than 
the  processes  now  in  use. 

Mr.  O.  J.  Heinrich  read  a  paper  on  an  ex- 
plosion of  fire  clamp  in  the  Midlothian  Colliery, 
Virginia. 

On  Saturday  the  convention  will  make  an 
excursion  over  the  Reading  and  Lehigh  Valley 
Railroads,  as  far  as  Bethlehem,  and  will  in- 
spect the  steel  works  at  that  place. 

FOURTH  DAY— MONDAY,  JUNE  26. 

Mr.  J.  B.  Pearse,  Secretary  of  the  State 
Geological  Survey,  read  a  paper  on  the  "  Earlv 
History  of  the  Iron  Trade  in  this  Country.1' 

Prof.  Persifor  Frazer,  Jr.,  read  a  paper  on 
the  iron  ores  in  the  new  red  sandstone  in  York 
and  Adams  counties,  in  which  he  gave  the 
results  of  his  explorations  in  the  geological 
survey  of  that  section.  The  great  peculiarity 
of  these  deposits  of  iron  on  the  new  red  sand- 
stone is  that  the  softer  iron  is  protected  from 
erosion  by  walls  of  trap.  These  specular  and 
micaceous  ores  are  found  just  at  the  edges  of 
the  new  red  sandstone,  where  it  is  very  thin. 

Mr.  Bramwell,  Superintend  of  the  Quinni- 
mont  Furnace,  Virginia,  read  a  paper  on  the 
partial  renewal  of  a  furnace  while  in  blast. 

Mr.  C.  H.  Vannier  read  a  paper  on  the  pro- 
cess of  roasting  sulphurous  ores  in  New 
Jersey. 

Mr.  J.  Blodget  Britton  read  a  paper  detail- 
ing experiments  made  by  him  for  determining 
the  amount  of  water  in  coal. 

At  the  afternoon  session,  Mr.  C.  R.  Boyd, 
Jr.,  of  Wytheville,  Va.,  read  a  paper  on  the 
ores  of  Southwestern  Virginia. 

Mr.  H.  S.  Drinker  made  a  few  remarks  on 
the  progress  of  the  Sutro  Tunnel. 

The  chair  appointed  as  a  committee  on  the 
nomenclature  of  iron  the  following  gentle- 
men: Mr.  Akerman,  of  Sweden;  Mr.  Bell,  of 
England;  Mr.  Gruner,  of  France;  Mr.  Turner, 
of  Austria;  Dr.  Wedding,  of  Germany; 
Messrs.  Egleston  and  Holley,  of  the  United 
States. 

At  the  evening  session  Mr.  Holley  presided. 
The  first  paper  was  by  Prof.  Adolph  Henri,  on 
"The  Manufacture  of  Forged  Car  Wheels." 
His  translation  having  been  delayed,  he  read 
the  paper  in  French.  He  illustrated  the 
method  of  manufacture  by  many  illustrations 
on  the  black-board.  He  stated  that  no  wheel 
manufactured  by  this  process  had  ever  broken. 

Mr  A.  S.  Munroe  read  a  paper  on  the  me- 
tallic deposits  of  Japan. 

Professor  Persifor  Frazer,  Jr.,  explained 
the  results  of  his  investigation  into  the  igneous 


rocks,  commonly  known  as  trap  rocks,  which 
he  illustrated  with  the  lantern. 

A  resolution  of  thanks  to  the  retiring  Presi- 
dent, Mr.  Holley,  for  his  successful  manage- 
ment during  the  past  year  was  passed,  after 
which  the  Institute  adjourned  until  the  3d 
Tuesday  in  October.— The  Bulletin. 


IRON  AND  STEEL  NOTES. 

Important  Discovery  in  the  Steel  Manu- 
facture.— Mr.  H.  Augustus  Guy,  of  the  firm 
of  Messrs.  H.  Augustus  Guy  &  Co'. ,  has,  under 
the  title  of  "invincible,"  introduced  a  new 
variety  of  steel,  tempered  by  a  novel  process, 
and  which  has  been  found  peculiarly  fitted  for 
the  manufacture  of  turning  tools  in  which  a 
high  degree  of  toughness  and  hardness  is 
essential.  Besides  the  great  saving  which 
must  follow  from  the  lasting  quality  of  this 
material,  considerable  freedom  from  danger  to 
machinery  and  to  those  employed  in  working 
it  must  necessarily  be  secured  by  the  employ- 
ment of  a  reliable  homogeneous  metal  in 
situations  where  resistance  to  great  strain,  is 
required.  That  the  "invincible  tool  steel' 
fulfills  all  necessary  conditions  may  be  assumed 
from  the  very  satisfactory  result  of  a  series  of 
searching  and  thoroughly  practical  trials  upon 
the  best  of  all  crucial  tests,  viz.,  the  steel  tires 
of  the  leading  makers.  A  pair  of  If  square 
tools  on  Charles  Cammell  &  Co.'s  5-foot  tires 
may  be  taken  as  a  specimen.  The  cut  was  f , 
and  the  feed  7  to  the  inch.  Each  tire  was 
finished  in  one  hour  and  thirty-five  minutes; 

J  the  points  of  both  tools  were  quite  perfect ; 

|  and  the  same  tools,   without  any  repairs  or 

|  grinding,  afterwards  turned  another  pair  of 
5-foot  tires  by  the  same  makers  under  similar 
conditions,  and  in  about  the  same  time.  Each 
tool  being  then  simply  ground  up,  not  re-made 

|  and  tempered,  was  put  upon  a  pair  of  Taylor 
Brothers'  5-foot  tires.  The  one  tire  was  com- 
pletely turned  in  two  hours  and  seventeen 
minutes,  and  the  other  in  two  l*ours  and 
twenty  minutes,  after  which  the  points  were 
perfect;  and  without  even  sharpening,  turned 
a  pair  of  Charles  Cammell  &  Co.'s  5-foot  tires 
in  about  one  hour  and  thirty  minutes  each 
tire.  The  catting  edges  were  but  slightly 
impaired.  The  trials  we  have  mentioned  are 
only  an  example  of  nearly  two  months'  con- 
tinuous work  upon  the  hardest  tires  in  use, 

!  and  we  have  no  doubt  that  those  firms  who  use 
steel  for  turning  purposes,  are  necessarily 
deeply  interested  in  its  economy,  will  find  the 
"invincible  steel,"  despite  its  nominal  high 
cost,  by  far  the  most  economical  turning  steel 
yet  discovered.  We  are  glad  to  note  that  Mr. 
Gujr,  the  inventor,  has  had  the  courage  to 
analyse  the  criticisms  which  many  leading 
authorities  have,  by  the  actual  use  of  steel, 
candidly  expressed,  and  the  result  is,  that  the 
steel,  as  now  made,  is  worthy  of  its  high 
claims,  and  substantially  deserves  the  invinci- 
bility indicated  by  its  name. 

PRODUCTION  OF  BESSEMER  STEEL  IN  THE 
World. — In  the  Moniteur  des  Interets  Ma- 
ienals,  in  an  article  taking  into  consideration 
the  present  state  of  the  Bessemer  steel  manu- 


KAIL  WAY    tTOTES. 


187 


facture,  the  following  summary  of  the  estab- 
lishments now  in  existence  for  its  production 
is  given :  Great  Britain  is  put  down  on  the  list 
as  possessing  21  Bessemer  steel  works,  con- 
taining 105  converters;  Prussia,  14,  with  61 
converters;  Austria,  12,  with  30  converters; 
Bavaria,  2,  with  4  converters;  Saxony,  1,  with 
4  converters;  Alsace,  1,  with  2  converters; 
France,  8,  with  25  converters;  and  the  United 
States,  8,  with  16  converters;  making  a  total  of 
67  establishments,  containing  247  converters-, 
which,  collectively,  are  estimated  as  capable  of 
turning  out,  if  required,  as  high  a  make  as 
2,500,000  tons  of  Bessemer  steel  per  annum. 
Curiously  enough,  we  do  not  find  Belgium 
mentioned  in  this  list,  although  she  possesses 
at  least  two,  if  not  more,  Bessemer  steel  works, 
and  in  like  manner  both  Sweden  and  Russia 
have  been  omitted  in  this  enumeration, 
although  both  these  countries  possess  Bessemer 
steel  works  of  considerable  importance. 


RAILWAY  NOTES. 

F)ailroad  Progress  in  Peru. — Mr.  Henry 
\i    Meiggs    has  submitted  to  the  Peruvian 

Government  a  proposition  for  a  new  contract. 
He  offers  to  build,  in  three  years  from  the 
date  of  the  contract,  the  unfinished  section  of 
the  Lima  &  Oroya  road  to  the  Oroya,  and 
further,  to  extend  it  from  that  point  to  the 
great  silver  mines  of  Cerro  de  Pasco;  also  to 
build  a  tunnel  which  shall  drain  those  mines 
very  much  below  the  level  of  the  present 
drainage  tunnel,  which  now  limits  the  work- 
ing. In. return  he  asks  to  receive,  according 
to  Peruvian  mining  law,  the  right  to  the  body 
of  ore  between  the  present  lowest  tunnel  at 
Cerro  de  Pasco  and  the  proposed  new  tunnel ; 
also  the  right  to  enter  and  possess  the  aban- 
doned and  worked  out  mines  there  and  such 
new  ones  as  have  been  and  may  be  discovered 
on  the  line  of  the  Oroya  Railroad  and  its  pro- 
posed extension. 

The  First  Railway  in  China.— A  little 
railway  is  being  laid  down  between  Shang- 
hai and  Woosung— a  town  at  the  junction  of 
the  river  Hwang-poo  (on  which  Shanghai  is 
situated)  with  the  Yangtzee.  The  distance  is 
only  nine  miles,  but  the  great  object  is  to 
establish  a  railway  of  some  kind  on  Chinese 
soil,  in  order  to  show  the  people  what  it  is  like . 
The  land  was  quietly  bought  up  by  a  few 
foreign  merchants,  the  roadway  leveled,  and 
a  company  subsequently  formed  to  carry  out 
the  undertaking.  A  large  portion  of  the  re- 
quired capital  was  subscribed  in  England,  and 
the  remainder  in  Shanghai.  The  mandarins 
have  been  all  along  jealous  of  the  proceedings 
of  the  company,  and  are  doing  their  best  to 
embarrass  it,  but  the  rest  are  perfectly  well 
disposed.  They  often  come  to  look  at  it,  and 
only  yesterday  (says  a  Shanghai  correspondent 
of  The  Times,  writing  on  March  23d,)  several 
very  respectably-dressed  Chinese,  who  had 
come  for  the  purpose,  were  invited  to  ride  in 
the  ballast-trucks.  They  were  a  little  timid  at 
first,  but  eventually  accepted  the  -offer,  and 
were  delighted  with  the  experience.  The 
engine  which  is  being  used  is  only  of  two  or 


three  horse-power,  and  hardly  bigger  than  a 
good-sized  Newfoundland  dog.  The  Chinese 
are  employing  an  English  engineer,  Mr. 
Tyzack,  and  English  machinery,  in  an  experi- 
mental opening-up  of  the  coal  mines  of  Ke- 
lung,  North  Formosa. 

Locomotive  Trials.— From  the  letter  of  a 
correspondent  we  gather  the  following 
account  of  a  comparative  test  of  locomotives 
on  the  Boston  and  Albany  Railroad:  Now 
that  the  railroads  throughout  the  country  are 
reducing  their  tariffs  on  freight,  it  becomes  a 
matter  of  some  importance  to  know  what 
particular  construction  of  locomotive  engine 
will  do  the  required  work,  and  with  the  least 
expense  to  the  corporation.  There  seems  to 
be  a  difference  of  opinion  existing  among 
master  mechanics  as  to  the  comparative  merits 
!  of  the  engines  known  as  Mogul's,  constructed 
with  three  pair  of  drivers  connected,  and 
pon}'  truck,  and  the  ordinary  two  pair  of 
drivers  and  single  truck.  Without  going  into 
any  length}-  detail  as  to  either,  I  wish  to  lay 
before  you  some  facts  which  may  interest 
many  readers  of  the  magazine.  The  officers 
of  the  Boston  and  Albany  Railroad  have 
given  this  matter  their  attention,  and  have  for 
the  five  days  as  specified  in  the  table  below, 
thoroughly  tested  the  economy  and  relative 
merits  of  the  two  engines.  The  trial  was  from 
Albany  to  Pittsfield  and  return,  a  distance  of 
101  miles,  between  the  Mogul  engine  "Brown" 
No.  230,  built  for  the  company  by  the  Rhode 
Island  Locomotive  Works,  and  the  "Virginia  " 
No.  11,  built  at  the  shops  of  the  company  at 
Springfield,  by  Wilson  Eddy,  master  mechanic ; 
each  engine  pulling  the  same  number  of 
loaded  cars;  and  as  you  will  see  below,  de- 
monstrated conclusively  the  great  economy  of 
the  "Virginia"  over  the  Mogul  engine 
"Brown,"  and  a  saving  to  the  corporation  in 
five  days  of  $24. 24  or  in  the  ratio  of  $1,518.05 
per  year  on  fuel.  This  certainly,  so  far  as 
this  road  goes,  does  not  speak  favorably  for 
the  Mogul  engines.  What  the  tests  are  upon 
other  roads  I  have  yet  to  learn. 

Performance,  of  Brown  230.  Virginia  11.  Diff. 

Engines  at  E.  Albany.     Coal.        Coal.        Coal, 
lbs.  lbs.  lbs. 

June  16th,  1876 6,260      4,800      1,460 

"    17th,    "    5,930      4,964         966 

"     19th,     "    6,620      4,9u0      1,720 

"    20th,    "    5,980      4,780      1,200 

"    21st,     "    6,060      4,480      1,580 


30,850    23,924     6,926 
Value  at  $7  per  ton.  $107  97      $83  73      $24  24 

Cost  per  mile 21  38        16  58  4  80 

Cost  per  trip 21  59        16  74  4  *85 

Cost  for  313  trips 

(year) 6,759  67  5,239  62  1,518  05 


ENGINEERING  STRUCTURES. 

rpHE  Channel  Tunnel. — A  letter  from 
1  Boulogne  gives  some  details  of  the  opera- 
tions which  are  being  carried  on  preliminary 
to  the  sinking  of  driftways  for  the  Channel 
Tunnel.  The  writer  says: — As  soon  as  the 
concession  was  voted  operations  commenced 
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in  earnest,  the  interval  having  been  occupied 
in  completing  details.  From  the  second  week 
in  August  to  the  end  of  September,  the  Pearl, 
with  her  staff  of  engineers,  went  out  when 
the  weather  permitted.  M.  Larousse,  the 
hydrographer,  used  to  take  the  steamer  to  her 
station  for  commencing  soundings,  and  ascer- 
tained her  position  by  cross-bearings;  this 
being  done,  Messrs.  Potier  and  De  Lapparent, 
jointly  or  singly,  took  an  exact  register  of  the 
depth  and  time  of  each  sounding,  and  ex- 
amined each  specimen  brought  from  the  bot- 
tom, which  was  put  into  a  specially  prepared 
bottle  with  a  register  number.  These  speci- 
mens were  sent  to  Paris,  where  they  were  sub- 
jected to  a  more  minute  examination  and 
classified.  M.  Larousse  took  bearings  every 
five  to  ten  minutes  to  ascertain  the  steamer's 
exact  position,  such  continual  observation 
being  necessary  owing  to  the  ever-varying 
currents.  On  days  when  rough  weather  would 
not  allow  of  accurate  soundings,  or  thick 
weather  hid  the  coast,  Messrs.  Potier  and  De 
Lapparent  used  to  examine  the  cliffs.  During 
the  six  weeks'  operations  1,522  soundings  and 
753  specimens  of  the  bottom  were  obtained; 
335  of  them  have  been  classified  with  certainty. 
The  average  daily  castings  of  the  lead  were  70. 
The  boundary  line  of  chalky  stratum  has  been 
ascertained  by  the  lead  bringing  up  either 
sandstone  or  clay,  which  form  the  strata  on 
either  side  of  the  chalk,  and  this  over  a  dis- 
tance of  28  kilometers  from  the  French  coast, 
at  which  point  English  waters  begin,  and  the 
consent  of  the  English  Government,  in  this 
case  a  mere  formality,  was  necessary  previous 
to  making  surveys,  which  permission  has  been 
lately  granted.  Last  autumn's  observations 
and  soundings  have  settled  two  points — firstly, 
that  no  break  exists  in  that  portion  of  the  layer 
of  chalk,  gault,  and  craie  de  Rouen  which 
comes  to  the  surface  on  the  bottom  of  the 
Channel  in  the  parts  where  soundings  were 
taken;  and,  secondly,  that  the  dip  observed  in 
some  of  the  strata  nowhere  exceeds  ten 
per  cent.  This  year's  soundings  will  probably 
be  undertaken  from  Dover,  as  being  closer  to 
the  scene  of  operation.  The  belt  of  sound 
irigs,  which  is  from  one  to  five  miles  broad, 
has  been  made  from  two  to  four  miles  west  of 
the  line  where  the  tunnel  is  intended  to  be 
made.  For  the  information  of  non-geologists 
it  may  be  explained  that  the  soundings  have 
been  made  over  that  part  of  the  Channel 
where  the  chalk  crops  up,  and  the  distance  of 
two  to  four  miles  further  east  is  to  allow  the 
stratum  to  dip  sufficiently  to  allow  of  there 
being  a  good  thickness  between  the  crown  of 
the  tunnel  and  the  bottom  of  the  Channel. 

The  programme  for  this  year's  campaign  is 
— firstly,  a  series  of  soundings  very  close  to- 
gether in  English  waters  to  settle  a  doubt  as  to 
whether  a  divergence  of  the  chalk  towards 
the  north  is  due  to  a  break  or  is  only  a  dip ; 
secondly,  a  series  of  soundings  over  the  pro- 
jected line  of  tunnel  to  ascertain  whether  the 
stratum  called  by  the  geologist  Phillips  "  chalk 
with  numerous  flints,"  and  which  overlays  the 
stratum  through  which  the  tunnel  is  to  be  cut, 
comes  to  the  surface;  thirdly,  a  series  of 
soundings  over  the  space  between  those  made 


over  the  bed  of  chalk  last  year  and  those 
taken  over  the  line  of  tunnel ;  fourthly,  sound- 
ings over  any  spaces  not  already  examined; 
fifthly,  boring. on  shore  in  the  immediate  neigh- 
borhood of  Sangatte,  which  shall  be  sunk  at 
least  ten  meters  beneath  the  gault.  When 
those  works  have  been  accomplished  a  well 
will  be  sunk  and  a  heading  driven  under  the 
Channel.  Sir  John  Hawkshaw's  searches  are 
against  the  existence  of  interruption  of  the 
strata,  and  confirm  the  general  opinion  of  geo- 
logists that  no  important  flaw  exists. 

Over  that  portion  of  the  Channel  sounded 
last  year  it  has  been  found  that  the  shore  slopes 
regularly  and  gradually  towards  mid-Channel, 
where  there  is  a  zone  of  from  fifty  to  sixty 
meters,  whence  there  is  a  gradual  ascent  to  the 
English  shore ;  the  greatest  depth  is  in  a  few 
holl6ws  on  a  line  from  Blanc  Nez  to  Folkes- 
stone,  where  the  soundings  give  sixty  to  sixty- 
five  meters;  preliminary  soundings  taken  200 
to  300  meters  apart  over  the  projected  line  of 
tunnel  nowhere  exceed  fifty-four  meters. 

Before  describing  the  boring  at  Sangatte  it 
may  be  borne  in  mind  that  two  previous  series 
of  experiments  are  on  record.  The  first  was 
the  attempt  made  to  supply  Calais  with  water 
by  means  of  an  artesian  well  in  1845-8;  it 
reached  a  depth  of  1,200  feet,  when  the  rods 
broke  in  the  green  sand  and  could  not  be  ex- 
tracted. The  only  point  to  the  present  pur- 
pose is  that  throughout  the  chalk  only  spring 
water  was  met  with,  and  nowhere  in  sufficient 
quantity  to  rise  to  the  level  of  Calais  market 
place.  The  second  set  of  experiments  was 
undertaken  by  Sir  John  Hawkshaw,  who 
selected  for  his  Channel  Tunnel  borings  a  spot 
intermediate  between  Calais  and  Sangatte, 
upon  La  Ferme  Mouron,  close  to  Les  Bar- 
raques.  Its  chief  results  tally  with  the  observ- 
ations taken  by  Messrs.  Mulot  Pere  et  Fils  at 
Calais,  the  strata  only  increasing  in  thickness 
westward.  The  daily  progress  of  the  borings, 
through  the  upper  strata,  averaged  from  fifty 
to  sixty  centimeters;  since  reaching  the  gray 
chalk  (craie  de  Rouen),  the  rate  has  increased 
from  82  to  100  centimeters  daily;  the  greatest 
progress  made  in  any  single  day  was  two 
meters  fifty  centimeters  in  twenty-two  hours. 
Now  that  a  softer  stratum  has  been  reached 
progress  will  be  more  rapid. 

The  correspondent  of  the  Manchester  Guard- 
ian says  that  a  convention  was  signed  last 
week  by  the  following  gentlemen,  who  have 
been  appointed  Commissioners  to  settle  ail 
international  questions  arising  out  of  the  con- 
struction of  the  tunnel: — MM.  Gavare,  Kleitz, 
and  Lapparent  on  behalf  of  France,  and 
Messrs.  Kennedy,  H.  "Watson,  and  Captain 
Tyler  on  behalf  of  England.  It  is  difficult  to 
enumerate  all  the  duties  which  will  come 
under  their  notice;  but,  apart  from  matters 
pertaining  to  the  construction  of  the  tunnel., 
some  of  their  functions  will  not  be  unlike 
those  which  have  to  be  undertaken  by  com- 
missioners who  are  usually  appointed  in  the 
settlement  of  boundary  and  frontier  questions. 

"ordnance  and  naval. 

Iron  «.  Wooden  Ships. — Is  an  iron-built  ship 
more  liable  to  receive  damage  on  taking 
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the  ground  than  a  vessel  constructed  of  wood? 
This  problem  seems  to  have  engaged  consider- 
able attention  in  the  United  States,  and  the 
conclusion  arrived  at  by  the  Council  of  the 
Underwriters'  Association  is,  that  vessels  wholly 
built  of  iron  are  unsafe  risks  unless  they  are 
exteriorly  sheathed  with  wood.  This  will  as- 
tonish engineers  and  shipbuilders  in  this  coun- 
try, says  "the  Shipping  and  Mercantile  Gazette, 
who  have  so  long  insisted  upon  the  inferiority 
of  wood  as  a  building  material  when  compared 
with  metal. 

The  late  Mr.  Grantham  in  his  book  on  "  Iron 
Shipbuilding,"  claims  especially  for  iron  that 
a  properly  built  ship  will  bear  greater  strains 
than  one  constructed  of  wood.  In  Fairbairn's 
work,  tables  of  results  are  given  from  actual 
experiments,  and  it  is  shown  that  a  wrought- 
iron  plate  only  three-quarters  of  an  inch  thick 
is  able  to  resist  a  force  equal  to  that  required 
in  the  rupture  of  a  3-inch  oak  plank.  The 
strength  of  dry  English  oak  to  resist  a  crushing 
force  is  4.24  tons  to  the  square  inch,  whereas 
wrought  iron  requires  a  pressure  of  about  31 
tons  to  the  square  inch.  The  resistance  of 
wrought  iron  plates  to  a  force  calculated  to  burst 
them  follows  a  law  different  to  that  of  oak,  the 
resistance  being  directly  as  the  depth,  and  of  the 
latter  as  the  square  of  the  depth.  It  has  been 
held  by  several  writers  that  an  iron-built  ship 
will  bear  a  greater  strain  than  a  wooden-built 
one  when  the  hull  is  resting  on  unequal  ground. 
The  timber  joints  of  a  ship  are  not  united 
either  longitudinally,  vertically,  or  transverse- 
ly, and  the  strength  depends  upon  the  sheath- 
ing, which  is  attached  to  the  ribs,  whereas  the 
plating  of  an  iron  vessel  is  made  homogeneous 
by  the  riveting  and  laps.  When  the  Great 
Britain  was  exposed  for  a  whole  winter  to  the 
action  of  the  sea,  stranded  in  Dundrum  Bay. 
the  advocates  of  iron  instanced  the  case  as  a 
proof  of  the  value  of  the  vessel  with  a  metal 
bottom  to  resist  contact.  Another  ship  was 
put  to  rather  a  severe  test  on  the  7th  of  April 
last,  when  Malta  was  en  fete  for  the  Prince  of 
Wales.  The  Indus,  with  the  outward  Indian 
and  Australian  mails,  when  nearing  the  island, 
bumped  several  times  on  the  Monsciar  Reef, 
at  the  extremity  of  St.  Thomas's  Point,  re- 
mained fast  by  her  heel  for  some  time,  but 
eventually  swung  round  and  got  off.  St.  Elmo 
Light  was  established  to  guard  vessels  from 
running  on  to  that  dangerous  reef,  but  a  mag- 
nesium light,  it  is  said,  caused  the  mate  to  mis- 
take his  position.  The  ship,  however,  having 
called  at  Malta,  proceeded. 

There  has  been  an  almost  unanimous  chorus 
in  favor  of  iron  for  shipbuilding,  partly  from 
its  alleged  immunity  from  breaking  when  rest- 
ing on  uneven  ground.  There  have,  however, 
been  recorded  instances  of  iron-built  ships 
snapping  in  two  directly  they  struck,  and  it 
was  said  of  the  Royal  Charter  that  "she  broke 
like  a  tobacco  pipe."  The  weight  of  the  boil- 
ers and  machinery  must  always  prove  a  source 
of  danger  to  either  iron  or  wooden-built  ships, 
because  the  mass,  when  receiving  a  sudden 
jerk,  will  exercise  its  force  on  the  frames,  keel- 
sons, and  plating.  The  boilers,  furnaces,  and 
bedding-plates  are  not  compactly  stowed  like 
cargo  in  a  ship's  hold,  but  are  to  a  great  extent 


held  in  suspension,  and  the  dead  weight,  when 
brought  down  as  a  hammer  on  the  hull,  by 
the  vessel  striking,  is  bound  to  exert  its  influ- 
ence. There  have  been  persons  in  England, 
however,  who  have  expressed  an  opinion  in 
favor  of  wooden  steamers  in  resisting  strains 
on  being  left  dry  at  low  water,  or  on  striking 
on  shoals. 

The  American  Underwriter's  Association 
have  turned  their  attention  more  particularly 
to  lake  navigation,  where  iron-built  screw 
steamers  have"very  much  increased  within  the 
past  few  years  ;  and  to  obtain  greater  security 
from  the  dangers  arising  in  passing  through 
canals  or  rivers,  the  following,  among  other 
rules,  has  been  issued  : — "  Steam-vessels  built 
of  iron,  not  less  substantially  than  required  by 
the  Rules  of  the  New  York  Record  for  the 
highest  class,  but,  in  addition,  having  their 
bottoms  built  as  solidly  and  defensively  «as 
those  of  modern  steam  vessels,  being  timber- 
filled  between  the  frame  of  the  floor,  the  filling 
in  whole  length  well  fastened  to  the  floor- 
plates,  the  bottom  outside  planked  with  wood 
to  the  top  of  the  bilge,  the  planks  of  three- 
fourths  the  thickness  required  for  wooden  ves- 
sels, single  fastened  and  properly  caulked, 
with  water-tight  ceiling  to  the  top  of  the  bilge, 
and  three  or  more  compartment  bulkheads 
well  caulked,  shall  be  eligible  to  the  grades  of 
the  first  class  for  lake  navigation.  Iron  ves- 
sels inferior  to  the  above  standard  of  strength 
and  preparation  for  taking  the  bottom,  to  be 
assigned  a  grade  in  the  second  or  third  class 
only." 

All  iron-built  steamers  plying  on  freshwater 
rivers  or  lakes  would,  by  this  regulation,  have 
to  be  sheathed  outside  with  wood  and  filled  up 
inside  with  timber.  The  pretentious  claims  of 
iron-ships,  it  is  said,  have  been  found  out,  and 
now  they  are  in  consequence  discredited.  Iron 
when  covered  with  wood  cannot  be  efficiently 
protected  from  leakage ;  therefore,  if  the 
plates  both  inside  and  outside  cannot  be  got  at 
to  coat  with  paint,  wherever  water  insinuates 
itself  decay  will  be  going  on  by  corrosion.  If 
this  rule  of  classification  is  acted  upon  by  un- 
derwriters a  great  blow  will  be  inflicted  upon 
the  building  of  iron  ships  in  Canada  and  the 
United  States.  Iron-built  paddle  wheel  and 
screw  vessels  have  been  introduced  on  the 
Mississippi  and  other  rivers  most  successfully, 
and,  so  far  as  experience  goes,  they  are  work- 
ed more  economically  than  wooden-built 
steamers.  The  extra  weight  of  hull  caused  by 
the  wood  which  the  ir©n  would  have  to  carry 
is  a  serious  objection  ;  the  displacement  being 
increased,  the  consumption  would  be  augment- 
ed proportionately.  The  Committee  of  Lloyds' 
Register  have  never  attempted  to  make  the 
owners  of  iron-built  river,  lake  and  coasting 
steamers  double  the  bottom  of  their  vessels  by 
wooden  sheathing.  They  require  all  iron 
ships  to  be  closely  ceiled  from  the  main  keel- 
son to  the  upper  part  of  the  bilges,  and  from 
there  upwards  with  either  batten  and  space  or 
close  ceiling.  By  rule  thirty-five,  also  the 
frames  and  plating  of  the  bottom  of  all  vessels 
in  the  upper  part  of  the  bilges  have  to  be 
thickly  and  efficiently  covered  with  Portland 
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or  other  approved  cement,  mixed  with  sand, 
to  the  satisfaction  of  the  surveyors. 

The  shipowning  interests  are  opposed  t©  this 
addition  of  so  many  tons  of  material  on  the 
hulls  of  their  vessels,  submerging  them  a  foot 
or  more,  and  the  subject  is  receiving  consider- 
able discussion  in  Canada  and  the  States. 
Numerous  letters  and  fly-sheets  have  been  pub- 
lished, and  among  the  contributors  to  the  con- 
troversy is  Mr.  D.  Bell,  of  Buffalo,  who  sup- 
plies statistics  relating  to  the  iron-built  propel- 
lers belonging  to  that  port.  Action  was  taken 
against  iron  steamers  because  of  the  loss  of  the 
Merchant  (iron),  last  year.  This  vessel  was 
built  in  1862,  and  her  owners  had  never  made 
any  claim  on  the  underwriters  until  she  was 
lost  at  Racine.  During  her  existence  of  thir- 
teen years  her  owners  paid  £30,907  on  insur- 
ance of  hull  and  eastward  eargo,  and  recovered 
from  the  underwriters  £28,782.  The  insurers 
also  received  about  £6,000  on  policies  for  west- 
ward cargoes.  The  ship  returned  in  gross 
premiums  to  the  underwriters  a  profit  of  £7,125 
according  to  this  representation.  Ten  other 
iron  steamers  now  in  existence,  and  built  at  a 
cost  of  £320,000,  are  mentioned,  and,  including 
the  Merchant,  eleven  vessels  in  all,  the  sums 
paid  to  underwriters  were  £188,046,  and  re- 
covered underclaims  £79,025,  leaving  as  the 
gain  to  the  insurers  £109,012.  This  is  the 
practical  experience  elicited,  in  an  underwrit- 
ing point  of  view,  on  the  losses  and  gains  in 
the  working  of  eleven  iron-built  steamers  in 
lake  navigation.  The  underwriters  say  that 
their  earnings  do  not  correspond  with  the  risks 
undertaken,  and  the  shipowners  declare  that, 
if  they  had  been  their  own  insurers,  they 
might  have  added  five  new  ships  to  their  fleet. 
The  underwriters,  on  the  other  hand,  draw  a 
distinction  between  premiums  on  ships  and 
premiums  on  cargo,  and  say  that,  taking  the 
premiums  on  the  vessels  and  freight  money 
only,  the  consideration  is  too  small,  and  that 
further  protection  is  needed.  Shipowners,  it 
would  seem,  take  the  premiums  as  a  whole, 
and  the  underwriters  look  at  them  in  detail. 


BOOK  NOTICES. 

TABLES  FOR  FACILITATING  THE  CALCULATION 
of  every  Detail  in  Connection  with 
Earthen  and  Masonry  Dams.  By  R.  C. 
Anderson,  C.  E.  London:  Henry  S.  King 
&  Co.  1876.  For  sale  by  Van  Nostrand.  Price 
$21.00. 

In  the  preface  to  the  foregoing  the  author 
complains  that  though  tables  have  long  ex- 
isted suitable  for  the  calculation  of  earthwork 
in  the  construction  of  railways,  "  there  are 
none  extant  as  yet  to  assist  the  hydraulic 
engineer  in  the  infinitely  more  tedious  calcu- 
lations connected  with  earthen  and  masonry 
dams."  This  may  seem  strange,  considering 
the  lateness  of  the  introduction  of  railways 
and  the  eailiness  of  the  formation  of  dams, 
especially  for  the  constructions  of  tanks  in 
India;  but  it  is,  nevertheless,  true  that  though 
rules  exist,  tables  calculated  ready  to  save 
time  are  meagre,  and  give  small  help.  Here, 
however,  Mr.  Anderson,  comes  to  our  aid  with 
rules  and  tables;  the  latter  calculated  to  six 


places  of  decimals  and  very  clearly  printed  in 
old-fashioned  figures  on  a  very  tough  paper. 
There  is  no  country  like  India  for  the  testing 
of  such  earthworks,  and  perhaps  no  other 
man  has  had  better  opportunities  than  our 
author  for  reducing  his  formulae  to  practice. 
N,ot  only  so,  but  the  work  has  been  printed  at 
Roorkee  under  the  author's  superintendence, 
which  adds  greatly  to  its  value,  and  enables  us 
to  commend  it  to  the  notice  of  those  of  our 
readers  interested  in  damwork  in  general. 

IIhe  Fatigue  of  Metals  Under  Repeated 
.  Strains.  From  the  German  of  Ludwig 
Spangenberg.  Van  Nostrand's  Science  Series 
No.  23.  New  York:  D.  Van  Nostrand.  Price 
50  cts. 

Readers  of  the  magazine  are  already  familiar 
with  this  record  of  valuable  experiments 
under  the  title  of  Behavior  of  Metals,  etc. 
All  interested  in  the  effects  of  continuous  or 
intermittent  strains  in  metals  of-  any  kind 
used  in  construction,  should  become  acquainted 
with  the  facts  evolved  by  the  patient  and  in- 
telligent labors  of  the  German  engineers. 

The  results  prominently  set  forth  by  this 
record  of  experiments  are  thus  explained  by 
Mr.  S.  H.  Shreve,  C.  E.,  in  a  preface. 

The  results  of  Wohler's  very  important  ex- 
periments have  been  before  the  profession  for 
some  years,  but,  strange  to  say,  seem  to  have 
attracted  no  attention;  and  tests  of  iron  and 
steel  still  go  on  for  the  purpose  of  determining 
their  elasticity,  their  elongation  under  strain, 
their  ultimate  strength  and  other  qualities, 
while  Wohler  and  Spangenberg's  experiments 
show  that  it  is  very  doubtful  that  these  bear 
any  proportion  to  the  durability  of  the  metals. 

Tnese  experiments  prove  that  there  is  a  limit 
of  strain  within  which  iron  is  practically  in- 
destructible, and  that  that  limit  is  but  little 
over  30,000  lbs.  per  square  inch  for  the  best 
iron.  If,  as  in  some  of  the  braces  of  the 
"Warren  truss,  and  other  forms,  there  is  both 
tension  and  compression  at  different  times, 
the  limit  is  the  sum  of  the  two  strains.  They 
further  show  the  dangerous  character  of  truss 
work  when  there  is  ambiguity  of  strains.  It 
is  to  be  hoped  that  the  translation  of  Spangen- 
berg's book  will  excite  sufficient  interest  to 
lead  to  a  continuation  of  these  experiments  in 
this  country. 

ELEMENTS  OF  PHYSICAL  MANIPULATION.  By 
Prof.  Edward  C.  Pickering.  Part  II. 
New  York :  Hurd  &  Houghton.  For  sale  by 
Van  Nostrand.     Price  $2.00. 

The  first  part  of  this  excellent  work  is 
already  well  known  to  students  and  experi- 
menters in  physics. 

The  topics  included  in  the  new  volume  are 
Electricity,  Heat,  Mechanical  Engineering, 
Meteorology;  Practical  Astronomy  and  Lan- 
tern Projections.  There  are  also  some  ap- 
pendices of  tables  and  of  directions  for 
management  of  Physical  Laboratories. 

No  teacher  of  physics  can  afford  to  be  with- 
out this  valuable  work  of  Prof.  Pickering. 
Whether  the  teacher  be  naturally  ingenious  or 
not,  he  will  derive  much  valuable  aid  from  the 
published  notes  of  an  experienced  physicist, 
who  has  had  for  years  a  complete  outfit  of 
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scientific  apparatus  at  command,  and  who  has 
moreover  made  a  specialty  of  instructing 
novices  in  the  art  of  experimenting. 

Aside  from  the  value  of  the  instruction 
about  how  to  use  physical  instruments,  the 
book  is  valuable  for  its  suggestions  as  to  what 
to  get  for  the  purposes  of  instruction. 

Each  section  is  divided  into  two  parts,  a 
description  of  the  apparatus,  and  the  details 
of  the  experiment;  the  first  is  designed  mainly 
for  the  instructor,  and  the  second  for  the 
student. 

It  will  be  observed  from  the  list  of  topics 
that  at  least  two  of  them  are  rarely  counted  as 
belonging  to  a  course  of  Physics;  these  are 
Mechanical  Engineering  and  Astronomy.  No 
one  can  object  to  the  expansion  of  the  volume 
by  the  addition  of  those  two  topics.  The  ex- 
cellence of  the  suggestions  renders  them  the 
most  valuable  portions  of  the  book  to  a  large 
class  of  students. 

The  illustrations  of  the  work,  although  not 
marvels  of  pictorial  art,  are  numerous  enough 
and  good  enough  to  convey  a  clear  meaning  of 
the  text. 

A  Practical  Treatise  on  Roads,  Streets, 
and  Pavements.  By  Q.  A.  Gillmore, 
A.M.  D.  Van  Nostrand,  New  York.  Price 
$2.00. 

Major-General  Gillmore  is  perhaps  best 
known  as  the  engineer  officer  who  so  ably 
conducted  the  attack  on  Charleston  during  the 
American  war.  The  operations  of  that  mem- 
orable siege  he  described  in  one  of  the  most 
graphic  and  elegantly  written  works  ever  com- 
piled by  a  military  man.  "The  Siege  of 
Charleston"  at  once  raised  General  Gillmore 
to  a  high  position  in  the  literary  world.  His 
career  supplies  an  excellent  example  of  the 
strange  conditions  of  life  called  into  existence 
by  the  outbreak  of  civil  war  in  a  peaceful 
nation.  General  Gillmore  appears,  by  nature, 
to  have  been  better  fitted  for  the  career  of  a 
civil  than  a  military  engineer;  and  yet  he  con- 
ducted all  his  operatious  when  acting  in  the 
latter  capacity  with  the  utmost  skill,  constantly 
bringing  to  bear  on  every  difficulty  resources 
which  could  hardly  have  been  available  to  any 
one  who  had  confined  his  attention  to  military 
engineering  pure  and  simple.  On  the  con- 
clusion of  the  war,  our  author  laid  down  the 
sword  and  took  up  the  level  once  more,  if  we 
may  use  the  phrase,  and  he  has  returned  with 
renewed  energy  to  the  study  of  civil  engineer- 
ing subjects.  The  volume  before  us  is  the  last 
which  he  has  written,  and  we  may  state  at 
once,  and  without  further  preface,  that  it  is, 
considering  its  comparatively  restricted  di- 
mensions, the  best  treatise  on  roads  and  road- 
making  that  has  ever  been  published.  One  of 
the  most  noteworthy  features  about  the  work 
is  that  our  author  appears  to  have  forgotten 
nothing.  We  have  searched  carefully  through 
the  work  for  omissions,  and  we  have  failed  to 
find  them.  Of  course,  there  are  branches  of 
his  subject  on  which  he  might  have  enlarged; 
but  on  the  other  hand,  all  that  he  says  is  said 
to  the  point  and  with  a  purpose,  in  terse, 
grammatical  language,  marked,  and  to  English 
ears  disfigured,  it  is  true,  by  Americanisms, 
but  never  obscure,  doubtful,  or  prolix. 


The  object  of  the  work,  as  stated  by  General 
Gillmore,  is  "to  give  within  the  compass  of 
one  small  volume  such  descriptions  of  the 
various  methods  of  locating  country  roads, 
and  of  constructing  the  road  and  street  cover- 
ings in  more  or  less  common  use  at  the  present 
day,  as  will  render  the  essential  details  of  those 
methods,  as  well  as  certain  improvements 
thereon,  of  which  many  of  them  are  believed 
to  be  susceptible,  familiar  to  any  intelligent 
non-professional  reader;  to  make  practical 
suggestions  with  respect  to  the  selection  and 
application  of  materials,  and  to  institute  a 
just  and  discriminating  comparison  of  the 
respective  merits  of  the  several  street  pave- 
ments now  competing  for  popular  recognition 
and  favor. "  We  have  slightly  condensed  the 
foregoing  passage  from  the  author's  preface. 
It  shows  very  clearly  what  the  scope  and  pur- 
port of  the  work  are.  It  would  be  impossible 
in  the  limited  space  at  our  disposal  to  deal 
fully  with  the  work;  nor  is  it  necessary  that 
we  should,  as  its  modest  dimensions  render  it 
available  to  every  engineer.  We  may  say,  in 
brief,  that,  beginning  at  the  beginning,  General 
Gillmore  not  only  details  every  step  that  is  to 
be  taken  in  laying  out  and  constructing  a  road, 
but  that  he  supplies  much  valuable  and  in- 
teresting information  which  has  never  before 
been  made  public  in  this  country,  and  that  he 
suggests  systems  of  construction  which  are 
extremely  ingenious  and  economical.  The 
chapter  on  culverts  may  be  cited  as  an  ex- 
ample. The  method  of  constructing  culverts 
in  concrete  there  described  is,  we  confess, 
quite  new  to  us,  and  we  believe  that  it  will  be 
equally  new  to  most  of  our  readers.  The 
different  classes  of  roads  used  in  the  United 
States — many  of  them  quite  unknown  here — 
are  carefully  described,  and  this  portion  of  the 
work  cannot  fail  to  be  useful  to  colonial 
engineers.  Considering  the  condition  of  the 
English  oyster  market,  a  recommendation  of 
oyster  shells  as  road-making  material  sounds 
strangely;  yet  General  Gillmore  tells  us  that 
on  the  sea-board  of  the  South  Atlantic  and  of 
the  Gulf,  stone  and  gravel  cannot  be  had 
wherewith  to  make  roads  save  at  prohibitive 
prices,  but  that  oyster  shells  can  be  had  in  any 
quantity  for  about  five  cents  per  bushel;  and 
that  when  laid  in  a  coating  ten  inches  thick  on 
a  properly  prepared  surface,  they  form  an  ex- 
cellent road  for  light  traffic,  and  that  when 
properly  maintained  such  highways  ' '  possess 
most  of  the  essential  requirements  of  a  good 
road."  In  the  United  States  they  use  strange 
materials  for  road  making,  and  our  author 
describes  a  charcoal  road,  made  through  a 
swampy  forest  in  Michigan  of  this  material, 
produced  on  the  spot  by  burning  the  timber 
felled  to  clear  the  track.  "The  charcoal  was 
found  to  pack  well,  not  to  form  ruts,  nor  get 
soft  and  spongy  in  wet  weather."  The  cost 
was  $660  per  mile. 

General  Gillmore' s  opinion  on  the  subject  of 
street  pavements  must  be  regarded  as  of  the 
utmost  value,  and  we  shall  conclude  this  brief 
notice  of  his  work  with  a  summary  of  these 
opinions.  He  is  opposed,  on  the  whole,  to  the 
use  of  wood  pavements  on  sanitary  grounds . 
The  best  pavement  for  streets  of  ample  width 


192 


VAN  NOSTRAND'S   ENGINEERING  MAGAZINE. 


-and  light  traffic — such,  let  us  say,  as  Regent 
street — is  continuous  asphalt  for  all  gradients 
not  steeper  than  one  in  forty-eight  or  fifty. 
But  the  best  pavement  for  the  dense  and  heavy 
traffic  of  a  populous  city  is  one  of  rectangular 
stone  blocks  set  on  a  foundation  as  good  as 
concrete;  and  the  next  best  is  one  of  Belgian 
blocks  set  in  the  same  manner.  For  further 
information  on  this  important  subject  we  must 
refer  our  readers  to  the  work  itself.  The 
volume  is  well  printed,  on  good  paper,  and  is 
creditably  got  up.  We  must  add,  however, 
that  the  woodcuts  with  which  it  is  illustrated 
are  by  no  means  up  to  the  usual  high  standard 
of  American  book  illustration. — The  Engineer. 


MISCELLANEOUS. 

Centennial  Exhibition. —The  Franklin  In- 
stitute of  the  State  of  Pennsylvania,  for  the 
promotion  of  the  Mechanic  Arts,  through  the 
kindness  of  the  Centennial  Commissioners,  has 
opened  a  Reception  Room  at  the  north-western 
end  of  Machinery  Hall  for  the  use  of  its  mem- 
bers and  visitors  from  abroad  interested  in 
the  Mechanic  Arts.  The  Institute  cordially 
invites  all  who  desire  to  do  so,*  to  visit  their 
room,  in  which  will  be  found  files  of  the  Jour- 
nal of  the  Institute  and  other  periodicals  de- 
voted to  the  Industrial  Arts.  The  room  is  in 
charge  of  a  committee  of  thirty  members  of 
the  Institute,  one  or  more  of  whom  will  be  in 
attendance  daily,  during  the  Exhibition,  to  re- 
ceive visitors  and  give  any  information  they 
may  desire  in  reference  to  the  Exhibition. 

The  following  objects  of  great  historical  in- 
terest have  been  placed  in  the  room  : 

1st.  Franklin's  Electrical  Machine. — This  in- 
strument is  doubtless  the  one  used  by  the 
great  philosopher  in  making  his  wonderful  ex- 
periments in  the  science  of  electricity.  Present- 
ed to  the  Institute  by  Dr.  John  R.  Coxe. 

2d.  Oliver  Evans1  Steam  Locomotive  Engine. — 
This  interesting  model  is  among  the  earliest 
known,  having  been  built  about  1804. 

3d.  Oliver  Evans1  High-Pressure  Steam  Engine. 
— -This  is  the  model  of  an  engine  built  by  O. 
Evans  about  1804,  and  is  described  in  Gallo- 
way's work  on  the  Steam  Engine,  page  101. — 
London,  1827. 

4th.  Working  Model  of  a  Steam  Engine  built 
by  M.  W.  Baldwin,  and  presented  by  him  to 
the  Institute,  about  1832. 

Street  Paving  and  Cleansing.— A  report 
on  this  subject  has  just  been  issued  by  a 
Committee  of  the  Society  of  Arts',  which  has 
been  collecting  information  for  some  time  past. 
A  good  deal  of  trouble  was  taken  to  obtain 
useful  results,  as  may  be  judged  from  the  fact 
that  not  only  was  a  series  of  practical  experi- 
ments instituted  to  decide  the  question  as  to 
the  best  of  the  systems  of  paving  now  before 
the  public,  but  a  form  of  questions  was  drawn 
up  and  left  at  houses  and  shops  in  roads  where 
experimental  tracts  of  new  pavement — asphalt 
and  wood— had  been  laid  down.  It  appears  to 
have  been  difficult  in  many  cases  to  obtain  an- 
swers to  this  sort  of  voluntary  catechism,  but  a 
good  many  replies  were  sent  in,  and  the 
summary  of  them  appended  to  this  report  must 
be  taken  as  a  genuine  expression  of  opinion  as  far 
as  it  goes. 


The  experimental  tests,  which  were  made 
with  a  specially  constructed  dynamometer  and 
an  omnibus,  more  or  less  heavily  weighted,  re  - 
suited  in  favor  of  the  asphalt,  though  even  this 
was  beaten  by  a  perfectly  level  piece  of  granite 
by  the  side  of  a  tram.  Smooth  as  the  surface  of 
the  asphalt  appears,  it  is  nevertheless  slightly  un- 
dulating from  inequalities  in  the  foundations, 
and  the  little  slopes  thus  formed  add  materially 
to  the  amount  of  tractive  force  required.  The 
wood  pavement  was  next  to  this  in  point  of  ease 
of  draught,  well-laid  Macadam  being  the  next 
best.  As  to  wear,  a  curious  fact  is  noted  about 
asphalt,  that  though  the  thickness  of  a  layer 
exposed  to  constant  traffic  decreases  consid- 
erably, its  density  increases  in  the  same  propor- 
tion, and  from  this  it  is  argued  that  there  is  lit- 
tle or  no  abrasion  from  the  surface,  but  that 
the  material  is  merely  compressed,  and  so  ac- 
tually strengthened  by  wear.  That  the  asphalt 
pavings  in  London  have  not  realized  the  expec- 
tations with  which  they  were  laid  down  is  cer- 
tain, but,  according  to  the  authors  of  this  re- 
port, the  cause  for  such  a  state  of  things  is  to  be 
looked  for  in  the  improper  treatment  asphalt 
roadways  have  received  rather  than  in  any  de- 
fects of  the  material  itself,  The  obvious  de- 
fects of  asphalt  is  its  slipperiness,  and  it  is  now 
pretty  generally  known  that  this  slipperiness 
does  not  exist  when  the  asphalt  is  clean,  wheth- 
er it  be  wet  or  dry.  The  only  way  of  keeping 
it  clean  is  by  constant  washing,  and  no  suitable 
means  exist  for  this  ;  besides,  when  the  road- 
way was  plentifully  besprinkled  with  water, 
such  serious  complaints  arose  of  the  "slop"  that 
the  watering  was  stopped. 

The  objections  put  forward  against  wood 
pavement  are  chiefly  sanitary.  It  is  stated  that 
the  wood  readily  absorbs  any  liquid  refuse  left  on 
the  surf  ace, and  thus  becomes  a  dangerous  source 
of  infection,  while  it  retains  wet  for  a  long 
time  and  is  difficult  to  clean.  These  conclu- 
sions, it  is  but  fair  to  remark,  seem  to  have 
been  arrived  at  from  a  consideration  of  the  old- 
er systems  of  wood  pavement  rather  than  from 
any  extended  examination  of  the  newer  meth- 
ods now  apparently  increasing  in  popularity. 

The  actual  damage  also  from  dust — dust,  it 
must  be  remembered,  consisting  of  particles  of 
horse-dung,  sharp  particles  of  granite,  and  even 
morsels  of  iron — is  an  appreciable  quantity  ; 
while  the  question  of  injury  to  health,  mental 
and  bodily,  from  the  unceasing  clatter  of  streets 
is  not  to  be  neglected.  These  and  many  other 
such  like  obvious  considerations  are  sufficient, 
if  any  reasons  were  required,  to  urge  the  adop- 
tion of  some  good  and  uniform  scheme  for  our 
London  pavements.  But  if  the  construction  of 
good  road- ways  is  all-important,  hardly  less  re- 
quisite is  the  adoption  of  some  proper  method 
of  cleaning  them.  For  this  purpose  the  use  of 
a  jet  is  strongly  urged,  on  the  ground  that  the 
jet,  when  properly  applied,  may  serve  the  pur- 
poses both  of  a  watering-cart  and  broom,  while 
it  is  also  capable  of  washing  courts,  alleys,  and 
walls.  Whether  we  shall  ever  see  the  familiar 
watering-cart  superseded  by  some  such  appli- 
ance as  that  in  use  in  Paris  for  distributing 
water  over  the  street  from  a  hydrant  is  perhaps 
questionable.  At  all  events  there  are  strong 
arguments  in  favor  of  the  foreign  plan. 
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MOMENTS    AT   THE    SUPPORTS. 

The  theorem  of  three  moments  given 
by  (8)  furnishes  the  means  of  finding  the 
moments  at  the  supports  due  to  any  as- 
signed system  of  loading.  The  actual 
solution  of  those  equations  is,  however, 
quite  tedious  when  the  number  of  spans 
is  large,  and  we  proceed  therefore  to  de- 
velop a  general  solution,  by  which  the 
values  of  the  moments  may  be  formulated 
and  placed  in  a  convenient  form  for  nu- 
merical computation. 

In  the  designing  of  continuous  bridges 
it  is  only  necessary  to  consider  single 
loads  concentrated  at  the  panel  apices  or 
uniform  loads  extending  over  an  entire 
span.  Let  us,  then,  consider  a  continu- 
ous girder  of  constant  cross-section  and 
homogeneous  material  whose  supports 
are  on  the  same  level.  Let,  as  in  Fig. 
6,  the  supports  beginning  at  the  left 
hand  end  be  designated  by  the  indices  1, 
2,  3, ....  r,  etc,  and  the  lengths  of  the 
spans  ll9  l2,  lz, lr,  etc.  Call  the  num- 
ber of  spans  s;  then  the  last  span  will 
be  IB,  and  the  last  support  5+1.  The 
ends  of  the  girders  rest  upon  abutments 
in  the  usual  manner,  the  lengths  of  the 
spans  may  be  all  different  and  their 
number  may  range  from  one  to  infinity. 
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In  the  span  lT  let  a  single  load  P  be 
placed  at  a  distance  k  lT  from  the  sup- 
port r,  {7c  being  any  fraction  less  than 


Fig. 
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*-JflHP 


Z 


3 


1 


r+i 


unity),  or  let  this  span  be  loaded  uni- 
formly from  r  to  r+  1  with  a  weight  W, 
(W  being  equal  to  w  ?r,  if  to  is  the  load 
per  linear  unit),  all  the  other  spans  be- 
ing unloaded.  By  reference  to  (8)  we 
notice  that  there  are  two  functions  of 
such  loads  which  enter  the  equations  of 
moments.  If  the  single  load  P  is  alone 
considered  these  functions  are 

P/°(2£-3&2  +  F) 

PZr2(&-F) 

the  first  entering  into  the  equation  for 
the  preceding  support  r,  and  the  second 
into  the  one  for  the  following  support 
r  +  1 .  If  the  uniform  load  over  the  whole 
span  is  alone  considered,  these  become 
each  equal  to  J  W  #,  as  we  have  shown 
above  in  discussing  the  theorem  of  three 
moments.  In  the  following  investiga- 
tion, we  place  therefore  for  abbreviation 
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A=P£(2  £-3  #•  +  &»)  )     forasingle 
B  =  P  l]  (k— Jc3)  j  load  in  span  h. 

(i) 

A=iWfi    )  for  a  uniform  load  over 


B=JWi 


whole  span  lT. 


By  introducing  the  letters  A  and  B  to 
represent  these  functions,  our  discussion 
will  apply  equally  well  to  a  single  load 
P,  or  to  a  weight  W  uniformly  distribut- 
ed over  the  whole  of  a  single  span. 

Since  the  girder  is  not  fastened  at  the 
abutments  1  and  5  +  1,  the  moments  at 
those  points  will  be  zero.  The  moments 
at  2,  3,  ....  r,  etc.,  we  designate  by  M2, 
M3,  ....  Mr,  etc.,  and  from  (8)  we  may 
write  an  equation  for  each  of  those  sup- 
ports. As  there  is  no  load  considered 
except  on  the  span  ln  the  right  hand 
member  of  the  equation  for  the  support 
r  will  be  A,  of  that  for  r  + 1  will  be  B 
and  of  all  the  others  will  be  zero.  Thus 
we  have  the  following  equations  : 

2M2ft  +  I2)+M3l=0 
Mr_i4-i  +  2Mr(/r_i  +  4)+Mr  +  i/r=A 

MrZr+2Mr  +  l  (Jr  +  /r  +  l)+Mr  +  2Jr-M  =  B 


M6_24-2  +  2Ms_i(4-2  +  4-i) 

+  MS  4-1=0 

M.-14-1  +  2M.  (4-1  +  4)  =0 

The  number  of  these  equations  is  s—  1, 
the  same  as  the  number  of  unknown  mo- 
ments. Their  solution  is  best  effected 
by  the  method  of  indeterminate  multi- 
pliers. Let  then  the  first  equation  be 
multiplied  by  a  number  ca,  the  second 
by  c„  etc.,  the  index  of  the  as  yet  inde- 
terminate numbers  corresponding  with 
that  of  the  M  in  the  middle  term.  Then 
let  all  the  equations,  thus  multiplied,  be 
added,  and  the  resulting  equation  be  ar- 
ranged according  to  the  coefficients  of 
the  unknown  moments  M2,  M3,  etc.  Now, 
if  we  require  that  such  relations  exist 
between  the  multipliers,  that  all  the 
terms  in  the  first  member  shall  reduce  to 
zero,  except  the  last  containing  M8  the 
value  of  Ms  is 


Ms: 


Acr  +  Bcr  +  i 


'cg_i4-i  +  2cs  (/s_i  +  4) 


And  the  values  of  the  multipliers  will 
be  given  by  the  equations 


2e1ft-  +  O+ci^=0 

o;*,  +  2ct(Jt  +  y+e4*1=X) 

ci',  +  2«4ft  +  O  +  oilt=0 

etc.,         etc.         .... 

After  deducing  the  values  of  c  from 
these  equations,  the  value  M8  is  at  once 
known. 

Again,  if  we  multiply  the  equations  of 
moments,  beginning  with  the  last,  by  the 
indeterminate  numbers  d2i  ds,  etc.,  all  the 
moments  except  M9  may  be  eliminated, 
and  we  have 


M„ 


A  ch 


r+2 


+  Bc4 


r+l 


e7B-ii,  +  2&(i&  +  *J 

and  the  multipliers  will  be  given  by  the 
equations 

2d2  (h  +  h-i)+dzh-i  =  0 
dth-i  +  2dt  {ls-1  +  la-2)+dih-2=0 
etc.,  etc.,  etc. 

The  values  of  the  numbers  in  the  series 
c  and  d  need  only  satisfy  the  equations 
as  given  above.  Assuming  thenc2=l, 
and  d2=l,  we  get  the  following  : 

<V=1 

c=-2c-(2c,  +  c2)lf 
I 


(H) 


2c4-(2c4  +  c3) 


c6=+2c5-(2c5  +  c4)^ 


etc., 

d=l 

d=-2 


etc. 


4  +  { 


s  — 1 


4  —  1 
d=^-2d-(2d3  +  d,)'j 

d=-2d-(2di  +  d3) 

d6=-2d-(2d6  +  dt) 


8-1 
2 
4  —  2 
4  —  3 
4  —  3 
4  —  4 


etc., 


etc. 


which  reduce  to  numerical  form  as  soon 
as  the  lengths  of  the  spans  for  any  par- 
ticular case  are  substituted. 
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Since  the  s— 1  equations  of  moments 
are  of  the  same  form  as  the  equations  of 
the  multipliers  c  and  d,  we  must  have 

M,=c,Ma,      M4=c4Ma,etc, 
Ms  _  i = ds  Ms,      Ms  _  2= di  Ms,  etc., 

or,  if  n  indicate  the  index  of  any  sup- 
port, 

Mn  =  cn  M2       when  n  <r + 1 

Mn  =  <r4_n+23f8,  when  n>r 
Inserting  in  these  the  values  of  M2  and 
Ms  as  found  above,  we  have 
-*r    _      A  ds  _  r^-2  +  B  d$  _  r_n 

(III)  when?i<r  +  l 

AT     -  7  A°T   +    Bcr  +  1 

n  — &s— n-j-2  7  .   0  „     /7  i    7\> 

cs_1/s_1  +  2(?s(4_i  +  4) 

when  3*>r 

which  give  the  values  of  the  moments  at 
all  supports  in  terms  of  the  quantities  A 
and  B,  depending  only  upon  the  charac- 
ter of  the  load  and  its  position  in  the 
span  £r?  and  the  numbers  c  and  d  depend- 
ing only  upon  the  lengths  and  number 
of  the  spans  of  the  girder.*  To  find 
their  numerical  value  for  any  given  case 
is  hence  a  simple  arithmetical  exercise. 

Example  1. — A  continuous  girder  has 
four  unequal  spans,  ^  =  80  ft.,72  =  100ft., 
l3  =  50  ft,,  and  £4=40  ft.  (Let  the  reader 
draw  the  figure).  On  the  span  l2  is  a 
single  load  P=10  tons,  whose  distance 
from  the  support  2  is  &/2=40ft.  To 
find  the  moments  at  the  supports. 

Since  /£/2  =  40,  and  J2  =  100,  we  have 
&=0.4.  Inserting  then  in  (I),  the  values 
of  Jc,  l2  and  P,  we  find 

A= 38400  tons  ft.     B  =  33600  tons  ft. 

Inserting  next  the  lengths  of  the  spans 
in  (II),  we  have 

ca=0.  <£=0 

c  =1 


Mn 


d=l 


—  3.( 
19.6 


-3.1 
10.3 


82.01  cn,         when  n<3 
24.65  f76_n,  when  n>2     . 

For  the  abutment  or  left  hand  support, 
we  have  n=l,  cx  =  0,  and  hence  39^=0, 
for  the  second  support,  ?i  =  2,  c2  =  l,  and 
Ma= 82.01  tons  ft.  For  the  third  sup- 
port, 7i=3,  d6_n=  —  3.6,  and  M3=88.56 
tons  ft.  For  the  next,  ?i=4,  ^6_n=l, 
and  M3  =  —  24.65  tons  ft.  Lastly,  for  the 
right  hand  abutment,  ?i  =  5,  and  M.  =  0. 
A  positive  moment,  it  will  be  remember- 
ed, causes  tension  in  the  upper  chord  of 
a  truss,  while  a  negative  moment  causes 
the  reverse. 

2.  A  girder  of  four  equal  spans  has  a 

load  P  at  any  point  on  the  first  span. 

Find  the  moment  at  each  pier  due  to  P. 

Am.  Ma=HPJ  (h-k%  etc. 

SHEAES  AXD  EE ACTIONS  AT  THE  SUPPOETS. 

It  is  thus  easy  from  (I),  (II)  and  (III) 
|  to  find  the  moments  at  all  supports  due 
!  either  to  single  concentrated  loads  or  to 
J  a  uniform  load  over  an  entire  span,  and 
;  these  are  the  only  two  kinds  of  loading 
I  which  we  need  to  consider  in  designing 
■  a  continuous  bridge.  We  next  need  the 
I  shear  Sn  at  the  right  of  any  support  due 
to  these  same  loads. 

In  computing  strains  in  a  continuous 

truss  we  take  up  each  span  separately. 

The  index  n  refers  always  to  the  particu- 

i  lar  span  under  consideration,  while  the 

i  index  r  referring  to  the    span  in  which 

j  the  load  is  for  the  moment  considered, 

may  be  less   than,  equal  to  or  greater 

than  n.     For  single  loads  the  shear  Sr  is 

given  directly  by  (3),  for  a  uniform  load 

P  (1  —  k)  in  that  expression  becomes  \  wlr, 

while  for  an  unloaded  span  those  terms 

disappear.     Thus  we  have 

Sr  =Mt-Mr  +  1  +  p  (1_^  for  F.^  g 

(IV)  Sr  =Mr~Mr  +  1  +  Wr,  for  Fig.  3. 
Mn+i 


Since  the  load  is  in  the  second  span  r=2, 
also  5=4;  hence  ds_r+2=d4:=10.3,  cr  = 
c2=l,  etc.,  and  k-i=£3=50,  etc.  By 
inserting  these  values  of  c,  d,  I,  A  and  B 
in  (III),  we  obtain 


Sn- 


M, 


k 


-,    when  n>r,  or  w<r, 


*  In  the  London  Philosophical  Magazine  for  September, 
1ST5,  where  the  above  demonstration  was  first  given,  the 
author  has  extended  the  method  to  girders  with  fastened 
or  walled-in  ends. 


for   the    shear  in  the   span   ln  infinitely 
near  to  the  support  n. 

The  shear  in  the  span  /n  at  a  point  in- 
finitely near  to  the  ?i  +  lth  support  is 
called  S'n  (see  Fig.  3).  For  its  values 
we  deduce 


S'r 


Mr 


+  i- 


■M, 


h 


+  ~Pk,  for  Fig.  6. 
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S'r  = 


M 


r  +  r 


Mr 


+  ■£«?/,.,  for  Fig.  3. 


or        Mn+i— Mn ' 

S  n  =        ^j -,  for  n>r,  or  7i<r. 

The  reaction  En  at  any  support  n  is  j 
evidently  the  sum  of  the  shear  Sn  in  the 
span  la. ;  and  of  the  shear  S'n_i  in  the 
span  ln— i  or  for  all  cases 

Pn  =  Sn  +  S  n  _  i. 

Example. — A  girder  of  four  equal 
spans  has  a  single  load  P  at  the  center  of 
the  third  span  from  the  left  end.  Find 
the  reaction  at  the  third  support. 

Ans.  E,=«P. 

SHEAR     AND    MOMENT     AT     ANY     SECTION. 

These  are  given  directly  by  the  sim- 
ple conditions  of  static  equilibrium. 
For  a  single  load  we  have  from  (2),  (see 
Figs.  5  and  6), 

S  =  Sr  —  P,  for  a  section  between 

(V)  Pandr+1 
S=SD>  for  any  other  section. 

as  expressing  the  internal  shear  for  any 
section  x  (see  Figs.  5  and  6). 
Also,  we  have 

M=Mr  —  Sr  sc  +  P  (x—klT),  between 

(VI)  Pandr  +  1 
M=Mn  —  Sncc,  for  any  other  section, 

for  the  internal  moment  for  any  section 
x  in  a  span  either  unloaded  or  containing 
the  weight  P.  Similar  expressions  may 
be  also  written  as  in  Chapter  I,  if  the 
load  be  taken  as  uniformly  distributed. 
Example. — A  girder  of  three  equal 
spans  has  a  load  P  at  the  center  of  the 
first  spans.  What  is  the  shear  and  mo- 
ment at  the  center  of  the  middle  span  ? 
Am.  S=iP,  M=-8aoPZ. 

MAXIMUM  SHEAES  AND  MOMENTS. 

The  formulae  (I)  to  (VI)  inclusive  are 
sufficient  in  connection  with  an  arithmeti- 
cal process  of  tabulation  to  determine 
the  maximum  strains  in  all  the  pieces  of 
a  properly  designed  continuous  truss. 
Having  for  instance  to  calculate  tbe  span 
lUj  we  may  take  at  every  panel  apex 
throughout  the  bridge  a  single  load  P, 
and  compute  the  shear  and  moment  at 
any  section  due  to  every  possible  posi- 
tion of  P.  These  arranged  in  a  table, 
afford  a  clear  view  of  the  distribution  of 
loading  giving  the  maxima  ;  the  great- 


est positive  shear,  for  example,  occurring 
when  the  live  load  covers  those  portions 
of  the  bridge  which  furnish  plus  values 
of  S,  while  at  the  same  time,  it  is  absent 
from  those  portions  giving  minus  values 
of  S.  Adding  then  all  the  plus  values 
thus  found,  the  maximum  is  determined 
by  combination  with  that  due  to  the  al- 
ways existing  dead  load. 

It  is  therefore  not  absolutely  neces- 
sary that  the  engineer  should  be  ac- 
quainted with  the  theory  of  the  distri- 
bution of  loading  giving  rise  to  the  maxi- 
mum strains  in  the  various  pieces  of  the 
truss.  As  such  a  knowledge,  however, 
is  of  great  assistance  in  checking  the  ac- 
curacy of  the  calculation,  we  shall  here 
state  without  demonstration  the  cases 
under  which  such  maxima  and  minima 
arise. 

First  the  shear  ;  from  this  we  obtain 
the  strains  in  the  webbing  by  the  simple 
multiplication  by  a  constant,  a  positive 
shear  producing  tension  in  a  diagonal 
which  slopes  upward  toward  the  left 
hand  support.  The  maximum  positive 
shear  in  the  span  ln  at  the  section  whose 
distance  from  the  support  n  is  a?,  occurs 
under  a  distribution  of  loading  such  as 
is  represented  in  Fig.  7,  in  which  the 
shaded  portions  denote  the  live  or  rolling 
load.  From  this  we  see  that  the  nearest 
span  on  the  left  and  each  alternate  one 

Fig.  7. 
■* — -Itit > 


TW 


n 


71+ . 


are  covered  with  the  live  load  ;  that 
from  the  section  x  to  the  support  n  + 1 
the  live  load  extends  ;  and  that  the  sec- 
ond span  on  the  right  and  each  alternate 
one  are  also  covered  with  the  live  load  ; 
all  other  portions  being  subjected  only 
to  the  dead  or  actual  load  of  the  truss. 
The  minimum  positive,  or,  what  is  the 
same  thing,  the  maximum  negative  shear 
obtains  under  exactly  reverse  conditions, 
the  loaded  portions  in  Fig.  7  being  un- 
loaded, while  the  empty  ones  receive  the 
live  load.  Let  the  reader  draw  a  figure 
for  this  case,  and  imagine  the  section  x 
to  move  from  wtow  +  1. 

Next  the  moment  ;  from  this  we  ob- 
tain the  chord  strains  by  dividing  by  the 
constant  depth  of  the  truss,  a  positive 
moment  producing  tension  in  the  upper 
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chord.  Here  the  maximum  positive  mo- 
ment in  the  span  ln>  occurs  near  the  sup- 
port n  under  a  distribution  of  loading 
like  that  represented  in  the  first  illustra- 
tion of  Fig.  8,  near  the  middle  of  the 
span  as  in  the  second  and  near  the  sup- 
port n  +  l  as  in  the  last.  Fig.  8  repre- 
sents one  and  the  same  beam  with  the 
cases  of  loading  causing  maximum  posi- 
tive moments  at  three  different  sections 
in  the  span  ln,  the  first  a  section  between 
n  and  a  point  t,  the  second  between  i 
and  i'  and  the  third  between  i'  and  n  +  1. 
These  points  *  and  i'  are  called  fixed  in- 
flection points,  and  they  enjoy  the  pro- 
perty that  all  loads  on  the  spans  to  the 

Fig.  S. 


%+t 


right  of  ln>  produce  no  moment  at  », 
while  all  loads  on  the  spans  to  the  left 
of  ln  produce  no  moment  at  i' .  The 
position  of  these  points  depend  only  up- 
on the  lengths  and  number  of  the  spans 
of  the  girder,  or  upon  the  numbers  c  and 
d  given  by  (II).  If  the  distance  from  n 
to  i  be  denoted  by  i,  and  that  from  n  to 
i'  by  i\  the  following  simple  formulae 


Cn  —  Cn  +  i 


•  n-r-2  Ln 


s  — n+2- 


d«- 


n+l 


will  give  the  position  of  the  fixed  inflec- 
tion points  in  any  span  ZD. 

In  order  to  render  these  distributions 
of  load  clear,  let  us  imagine  £he  sec- 
tion x  to  move  from  the  support  n  to 
n+l.  When  the  section  is  at  n  the  live 
load  covers  the  whole  span  ln  to  render 
the  moment  at  x  a  maximum,  as  x 
passes  toward  i  the  load  recedes  rapidly 
toward  n  +  l,  until  when  x  reaches  i  the 
span  ln  becomes  empty,  and  the  loads 
on  the  following  spans  shift  as  shown  in 
Fig.  8.     As   x  passes   from  i  to  i'   the 


span  ln  remains  empty  as  in  the  second 
sketch  aud  when  it  reaches  i'  the  loads 
on  the  preceding  spans  shift.  As  soon 
as  x  passes  i'  the  load  begins  to  come  on 
at  ?i,  which  rapidly  increases  as  x  moves, 
until  it  covers  the  whole  span  when  x 
coincides  with  n+l. 

The  arrangements  of  loading  for  caus- 
ing the  maximum  negative  moment  in 
any  section  depend  likewise  upon  the 
position  of  that  section  with  reference  to 
the  fixed  inflection  points,  and  are  in  all 
cases  exactly  the  reverse  of  those  for  the 
positive  moment. 

It  will  be  seen,  then,  that  the  maxi- 
mum moments  between  the  supports  and 
the  fixed  inflection  points  cannot  be  de- 
termined by  cases  of  loading,  for  such 
cases  are  different  for  every  section.  In 
a  girder  of  two  equal  spans  for  example, 
one  of  these  points  in  each  span  coin- 
cides with  the  abutments,  the  others  are 
at  one-fifth  the  length  of  the  span  from 
the  pier.  Between  those  points  the 
maximum  strains  are  not  to  be  found  by 
parabolic  curves  of  moments  drawn  from 
a  few  assumed  arrangements  of  loading. 
Here  have  some  late  writers  fallen  into 
grave  error. 

The  above  completes,  what  seems  to 
us  a  simple  presentation  of  the  theory  of 
the  continuous  girder  of  constant  cross- 
section.  We  have  disconnected  it  en- 
tirely from  the  properties  of  the  simple 
girder,  have  avoided  the  use  of  artificial 
angles  and  couples,  parabolic  moment 
and  shear  curves,  static  and  elastic  reac- 
tions and  other  paraphernalia  which  are 
too  often  introduced  to  complicate  the 
subject.  The  formulae  (I)  to  (VI)  which 
may  be  written  on  a  page  of  the  engi- 
neer's note  book  include  indeed  the 
whole  theory,  and  are  sufficient  for  the 
determination  of  the  maximum  strains  in 
a  continuous  truss  of  any  number  or 
lengths  of  spans. 

Chapter  III. 

We  will  now  apply  the  above  theory 
to  the  practical  calculation  of  the  strains 
in  a  continuous  truss,  and  to  show  the 
perfect  generality  of  our  method  we  will 
take  one  of  five  unequal  spans. 

Fig.  9  shows  the  relative  lengths  of 
the  several  spans,  each  support  and  span 
receiving  an  index  according  to  the  no- 
tation previously  adopted.  The  first 
span   lx   has   a   length  of    70   feet,    the 
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second  l2  of  100  feet,  the  third  l3  of 
80  feet,  the  fourth  Z4  of  120  feet  and 
the  last  lb  of  90  feet.  This  girder  is 
to  be  subject  to  a  live  load  of  0.8  tons 


72 


Fig.  9. 
£3  Ik 


IS 


A 
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per  linear  foot  per  truss  ;  the  dead 
load  we  estimate  at  0.6  tons  per 
linear  foot  per  truss.  It  is  divided 
into  panels  of  ten  feet  each  and  its 
height  is  also  ten  feet,  the  webbing  being 
a  simple  series  of  isosceles  triangles  as 
shown  in  Fig.  10,  which  represents  the 


span  l%  enlarged.  The  live  load  is  ap- 
plied at  the  panel  points  on  the  lower 
chord.  It  is  required  to  calculate  the 
maximum  strains  in  all  the  pieces  of  the 
span  l%  due  to  the  above  live  and  dead 
loads. 

We  take  up  first  the  live  load  of  0.8 
tons  per  linear  foot,  or  eight  tons  per 
panel.  Since  every  load  in  the  span  ly 
affects  every  section  in  l3  in  a  similar 
manner,  we  may,  instead  of  considering 
the  separate  panel  loads  on  ll9  take  them 
as  uniformly  distributed  in  the  prelimi- 
nary determination  of  the  shear  and 
moment  at  3.  (The  load  of  eight  tons  at 
the   points   1,  2,  3,  etc.,  give  reactions 


Fig.  10. 
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only  at  those  points,  and  cannot  affect 
the  span  l3).  On  the  span  lz  there  are 
seven  panels  and  six  apices,  hence  the 
live  load  in  that  span  is  W1  =  6X8  =  48 
tons.  In  the  same  way  we  have  on  the 
spans  la,  /4  and  lb,  to  consider  the  live 
loads  applied  at  the  panel  apices  as  uni- 
formly distributed  over  the  spans;  but  in 
the  span  l3  we  must  consider  each  panel 
load  separately,  since  different  arrange- 
ments of  those  loads  give  maxima  for 
different  sections.     Thus  we  have 


On  ll9  the  load  Wa  =  48  tons, 
On  l2,  the  load  W2  =  72  tons, 
On  i3,  the  loads  P„  P2,  P8,  etc., 
(see  Fig.  10)  each  equal  to  8  tons, 
On  z4,  the  load  W4=88  tons, 
On  Zs,  the  load  W5=64  tons. 

We  now  turn  to  formulae  (I)  of  the 
preceding  chapter,  and  determine  the 
quantities  A  and  B  due  to  each  of  these 
loads.  For  that  on  /1  we  have,  for  ex- 
ample, W1=48,  /31  =  4900,  hence  A=B 
=  58800.  For  Pa  we  have  P=8,  l\  = 
6400,  &=£,  hence  A=  10500,  and  B  = 
6300  ;  in  like  manner,  for  P2,  P3,  etc.,  we 
place  Jc=i,  &=§,  etc.,  and  find  for  each 
a  value  of  A  and  B.  Thus  we  have  for 
the  several  loads  : 


For  Wl9 

A=B=  58800 

For  W2, 

A=B  =  180000 

For  Pa, 

A=10500 

B=   6300 

ForP2, 

A=16800 

B  =  12000 

For  P3, 

A=19500 

B  =  16500 

ForP4, 

A=19200 

B  =  19200 

For  P5, 

A=16500 

B  =  19500 

For  P., 

A=12000 

B=16800 

For  P„ 

A=   6300 

B=10500 

For  W4, 

A=B=316800 

For  W„ 

A=B  =  129600 

We  next  turn  to  formulae  (II),  and  sub- 
stitute the  lengths  ^  =  70,  /a=100,  etc., 
and  thus  obtain 


c=0 

d=0 

c=l 

d=l 

c3=—SA 

d3=  —  3.5 

c  =14.05 

d=l6. 

c=—U.5Ql 

d=-54A 

as  the  values  of  the  multipliers  e  and  d 
for  the  case  under  consideration. 

We  are  now  able  to  find  from  (III) 
the  moments  M3  and  M4  at  the  supports 
3  and  4  for  each  of  the  above  loads. 
Since  there  are  five  spans,  s=53  ds= 
—  54.8,  d8  — 1=16,  etc. ;  substituting  these 
in  (III),  we  have 
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Mn  =  —  Cn 


A^7_r  +  B6_r 
17032 


,when  n<r+l 


MD  =  -<?7-n        l70g2         '  When  W>r 

w  being  cmy  index  (in  our  case  either  3 
or  4),  and  r  the  index  of  that  span, 
which,  for  the  moment,  we  regard  as 
loaded.  Taking  the  load  on  the  first 
span,  we  have  r=l,  and  since  n>r,  we 
use  only  the  second  of  the  above  formu- 
lae, which  becomes 

*-n^£^  =  -  3.452  c77_n 


Mn  = 


17032 


3  and  w=4,  and 


Substituting  in  this  n- 
we  have 

M3=  -3.452  (16)  =  -55.23  tons  ft. 
M4= -3.452  (-3.5)  =  12.08  tons  ft. 

Taking  the  load  in  the  second  span,  we 
have  r=2,  and 


MT 


^7-n      ^lnnn    3  =  -25.364  c77_n 


Load. 


S1 
W2 

Pi 
P, 

% 

P5 

?: 

w4 

w5 


Ma 


tons  ft. 
-  55.23 
+405.82 
+  31.19 
4-  45.36 
+  50.85 
+  48.00 
+  39.15 
+  26.64 
+  12.81 
-158.10 
+  25.87 


M4 


tons  ft. 
+  12.08 
-  88.77 
10.83 
22.85 
33.93 
41.92 
44.65 
39.92 
25.85 
+653.34 
-106.91 


+ 


tons. 
—  0.841 
+  6.182 
+  7.254 


6.281 
5.211 
4.078 
2.931 
1.834 
0.837 
-10.143 
+  1.660 


+ 
+ 

+ 
+ 
+ 


for  example,  gives  a  positive  moment  of 
405.82  tons  ft.  at  3,  and  a  negative  one 
of  88.77  tons  ft.  at  4.  From  the  last 
formula  of  (IV),  we  have  then 


405.83  +  88.77 
80 


=  6.182  tons. 


17032 

in  which,  by  making  n=3  and  n=4,  we 
get  the  values  of  M3  and  M4. 

For  the  single  loads  on  the  span  l3,  we 
must  use  the  first  of  formulae  (III)  to 
obtain  M3,  and  the  second  to  obtain  M4. 
Making  then  r=3,  we  have, 


M=-d, 


17032 


Ac+Bc, 


3.4 
17032 

(16A 
3.5 


3.5  B) 


17032  17032 

(-3.4A  +  14.05  B) 

and  inserting  in  these  the  values  of  A 
and  B,  as  given  above,  we  find  the  mo- 
ments at  3  and  4  from  each  of  the  loads 
from  P,  to  P..  For  the  load  on  the 
fourth  span,  we  make  r=4;  for  that  on 
the  fifth  span,  r=5;  and  the  first  of  for- 
mulae (III)  give  the  moments.  Thus,  by 
very  simple  arithmetical  work,  we  obtain 
the  moments  M3  and  M4  due  to  each  of 
the  single  loads  in  l3,  and  each  of  the 
uniform  loads  in  the  exterior  spans,  and 
arrange  them  in  the  second  and  third 
columns  of  the  following  table  : 
See  Table  on  following  column. 
The  last  column  of  the  table,  which 
gives  the  shear  S3  in  the  span  l3  at  a 
point  infinitely  near  to  the  support  3,  is 
found  from  the  quantities  M3  and  M4  by 
means  of  formulae  (IV).     The  loadW  , 


Also  for  the  load  P3  on  the  span  /3,  we 
have  P=8,  &=§,  and  from  the  first  for- 
mulae of  (IV) 


S  = 


50.85  —  33.93 


80 


+  8(1— 1)  =  5.211  tons. 


and  in  the  same  way  the  other  shears  in 
the  last  column  are  computed.  All  of 
these  refer,  of  course,  only  to  the  live 
load  of  eight  tons  per  panel. 

We  are  now  ready  to  proceed  with  the 
computation  of  the  maximum  strains  in 
the  span  l3.  And  first  we  take  up  the 
webbing. 

The  maximum  strain  in  any  diagonal 
in  Fig.  10,  is  equal  to  the  maximum 
shear  for  that  section  multiplied  by  the 
secant  of  the  angle  between  the  diagonal 
and  a  vertical.  We  proceed  first  to  find 
the  maximum  shears. 

The  shear  at  any  section  due  to  the 
dead  load  is  constant,  increases  or  de- 
creases as  the  live  load  comes  upon  the 
bridge,  and  becomes  a  maximum  or 
minimum  under  certain  particular  distri- 
butions of  loading.  To  determine  these 
it  is  only  necessary  to  tabulate  the  shear 
due  to  each  separate  load.  This  is  easily 
done  from  the  values  of  S3  and  the 
formulae  (V).  In  the  following  table  the 
vertical  column  headed  aBb  includes  the 
shears  which  may  act  upon  the  diagonals 
a  B  and  B  b,  bQc  those  for  b  0  and  C  c, 
etc.  The  horizontal  column  numbered  1 
gives  then  the  shears  at  every  section 
due  to  the  live  loads  ;  the  load  Wj  for 
example  producing  a  negative  shear  of 


200 


VAN  NOSTRAND'S   ENGINEERING  MAGAZINE. 


Shears.    (S 

>eeFig.  10.) 

aBb. 

bCc. 

cBd. 

cZEe. 

e¥f. 

f&g. 

gKh. 

hKJc. 

W, 

-0.84 

-0.84 

-0.84 

-0.84 

-0.84 

—0.84 

—0.84 

—0.84 

w2 

-6.18 

+6.18 

+6.18 

+6.18 

+6.18 

+6.18 

+6.18 

+6.18 

Pi 

r7.25 

-0.75 

-0.75 

-0.75 

—0.75 

—0.75 

—0.75 

—0.75 

p2 

r6.28 

+6.28 

-1.72 

-1.72 

—1.72 

—1.72 

—1.72 

—1.72 

p3 

r5.21 

+5.21 

+5.21 

-2.79 

—2.79 

—2.79 

—2.79 

—2.79 

1 

p4 

-4.08 

+4.08 

+4.08 

+4.08 

—3.92 

—3.92 

—3.92 

—3.92 

p6 

r2.93 

+2.93 

+2.93 

+2.93 

+2.93 

—5.07 

—5.07 

—5.07 

p6 

-1.83 

+1.83 

+1.83 

+1.83 

+1.83 

+1.83 

—6.17 

—6.17 

p7 

-0.84 

+0/84 

+0.84 

+0.84 

+0.84 

+0.84 

+0.84 

—7.16 

w4 

-10.14 

-10.14 

-10.14 

-10.14 

—10.14 

—10.14 

—10.14 

—10.14 

w5 

+1.66 

+1.66 

+1.66 

+166 

+1.66 

+1.66 

+1.66 

+1.66 

2 

Live  \  + 
load  j  — 

+36.26 

+29.01 

+22.73 

+17.52 

+13.44 

+10.51 

+8.68 

+7.84 

-10.98 

-11.73 

-13.45 

-16.24 

—20.16 

—25.23 

—31.40 

—38.56 

3 

Sums 

+25.28 

+17.28 

+9.28 

+1.28 

—6.72 

—14.72 

—22.72 

—30.72 

4 

Dead  load 
Max.  + 

+18.96 

+12  96 

+6.96 

+0.96 

—5.04 

—11.04 

—17.04 

—23.04 

5 

+55.22 

+41.97 

+29.69 

+18.48 

+8.40 

Max.  — 

-6.49 

-15.28 

—25.20 

—36.27 

—48.44 

—61.60 

0.84  tons  in  every  panel  or  S  =  S3,  the 
load  P3  giving  in  the  three  panels  on  its 
left  S  =  S3  =  +5.21  tons  and  in  the  five 
on  its  right  S=S3  — P=+5.21  —  8=-2.79 
tons.  A  mere  inspection  of  this  table 
shows  the  distribution  of  live  load  caus- 
ing the  maximum  or  minimum  shear  in 
any  section.  Thus  for  the  panel  d~Ee 
the  maximum  occurs  when  those  loads 
giving  positive  shears  are  present, 
namely,  W2,  P4,  P5,  P6,  P7,  and  W5  and 
wben  all  the  others  are  absent,  and  the 
minimum  occurs  when  only  those  giving 
negative  shears  are  on  the  bridge.  If 
then  we  acid  all  the  positive  quantities 
in  1  and  likewise  all  the  negative  ones 
and  place  the  results  in  the  horizontal 
column  2,  we  have  for  the  panel  d  E  e, 
+  17.52  tons  and  —16.24  tons  as  the 
greatest  and  least  shears  which  can  occur 
in  that  panel  due  to  the  live  load,  and 
these  need  only  to  be  combined  with  the 
shear  due  to  the  dead  load  to  obtain  the 
absolute  maximum  and  minimum. 

If  the  dead  load  be  regarded  like  the 
live  load  as  concentrated  at  the  panel 
points  on  the  lower  chord,  its  effect  will 
be  a  fractional  part  of  that  of  the  live 
considered  as  uniformly  distributed. 
Adding  algebraically  the  quantities  in  2 
we  have  in  3  the  shears  produced  by  a 
uniformly  distributed  live  load  of  eight 
tons  per  panel,  since  this  is  the  same  as 
taking  the  algebraic  sum  of  all  the  quan- 


tities in  1.  The  live  load  if  extending 
over  the  whole  bridge  will  then  produce 
in  c/Eea  shear  of  +1.28  tons,  and  since 
the  actual  dead  load  is  three-fourths  of 
the  live,  the  dead  load  must  produce  in 
that  panel  a  shear  equal  to  fxi.28 
=  0.96  tons.  Taking  then  three-fourths 
of  the  quantities  in  the  horizontal  col- 
umn 3  we  have  in  4  the  shears  due  to 
the  dead   load  of  six  tons  per  panel. 

The  shears  in  4  always  must  exist, 
while  those  in  2  may  exist  under  certain 
positions  of  the  live  load.  The  absolute 
maxima  are  therefore  found  by  adding 
algebraically  the  quantities  in  those  two 
horizontal  rows.  Thus  for^Ee,  +0.96 
always  obtains,  and  if  +17.52  also  oc- 
curs their  sum  +18.48  is  the  positive 
maximum  shear  ;  and  if  —16.24  occurs, 
+  0.96  —16.24  =  —  15.28  is  the  minimum 
or  negative  maximum.  Placing  these 
results  in  column  5  we  have  the  required 
maximum  shears  in  every  section  of  the 
span  under  consideration.  If  the  dead 
load  shear  in  4  is  greater  than  the  live 
load  shear  of  opposite  sign  in  2  only  one 
kind  of  shear  can  prevail  ;  thus  in  b  C  c 
the  greatest  possible  value  is  +12.96 
+  29.01  =  +  41.97  tons,  the  least  possible 
is  +12.96  —11.73  =  +  1.23  tons  and  the 
diagonals  b  C  and  C  c  will  be  subject  to 
only  one  kind  of  strain.  In  the  case  be- 
fore us  three  panels  c  D  <:?,  d  E  e  and 
e  ¥f  have  both  a  positive  and  negative 
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maximum  and  the  diagonals  in  those 
panels  may  be  subject  to  either  tension 
or  compression. 

The  maximum  shears  in  5  multiplied 
by  sec.  6,  or  the  secant  of  the  inclination 
of  diagonal  to  vertical  give  the  maximum 
strains,  tension  of  the  diagonal  slopes  up- 
ward toward  the  left  hand  support,  com- 
pression if  it  slopes  downward.  The 
depth  of  the  truss  being  ten  feet  and  the 
half  panel  length  5  feet,  sec.  8  is  1.118. 
We  have  then  the  following  table  of 
maximum  strains  in  the 

Diagonals.     (See  Fig.  10.) 


Bfl 

—61.7  tons 

Bb 

+61.7 

Cb 

—46.9 

Qc 

+46.9 

Dc 

—33.2  or  +7.2  tons 

Dd 

+33.2  or  —7.2 

Bd 

—20.6  or  +17.1 

Be 

+20.6  or  —17.1 

Fe 

+28.2  or  —9.4 

.    P/ 

—28.2  or  +9.4 

Of 

+40.5 

Gg 

—40.5 

H^ 

+54.0 

BLh 

—54.0 

Kh 

+68.3 

Kk 

—68.3 

in  which  +  denotes  tension  and  —  com- 
pression. 

In  the  same  manner  we  may  tabulate 
the  moments  at  every  section  due  to 
each  load  and  deduce  the  maximum 
chord  strains.  For  the  upper  chord 
panels  A  B,  B  C,  C  D,  etc.,  the  centers 
of  moments  are  at  the  opposite  vertices 
a,  b,  c,  etc.,  and  hence  in  formulae  (VI) 
we  must  take  0,  10,  20,  etc.,  as  the  suc- 
cessive values  of  x.  To  find  the  moment 
for  CD  due  to  the  load  Wa  on  the 
span  ll9  we  have  only  to  insert  #=20, 
and  the  values  of  Ms  and  S3  as  found 
above  for  that  load  (see  Fig.  10),  giving 

M  =  —55.23  —  (  —  0.841  X  20) 

=  —38.41  tons  ft. 

the  negative  sign  denoting  that  W2 
causes  compression  in  the  upper  chord. 
Also  to  find  the  moment  in  the  same  panel 


due  to  the 
se=20  and 

M  =  31.19- 


load  P  ,  we  have  as  before 


7.254X20  +  8X10 

=  —  33.89  tons  ft. 


In  this  way  we  readily  compute  the  mo- 
ments for  every  panel  due  to  every  live 
load  and  arrange  them  as  in  the  follow- 
ing table  of 


Moments  for  Upper  Chord.    (See  Fig.  10.) 


AB. 

BC. 

CD. 

DE. 

EF. 

FG. 

GH. 

HK. 

KL. 

w, 

—55.2 

—46.8 

—38.4 

—30.0 

—21.6 

—13.2 

— #8 

+3.6 

+12.1 

w2 

+405.8 

+344.0 

+282.2 

+220.4 

+158.5 

+96.7 

+34.9 

—26.9 

—88.8 

p. 

+31.2 

—41.4 

—33.9 

—26.4 

—19.0 

—11.5 

—4  1 

+3.4 

+10.8 

p2 

+45.4 

—17.5 

—80.3 

—63.1 

—45.9 

—28.7 

'  —11.3 

"5.7 

"  22.9 

p3 

+50.9 

—1.3 

—53.4 

—105.4 

— rr.6 

—49.7 

—21.8 

"6.1 

"33.9 

1 

p4 

+48.0 

+7.2 

—33.6 

-74.3 

—115.1 

—75.8 

—36.6 

"2.6 

"41.9 

p5 

+39.2 

+9.8 

—20.5 

—49.8 

—79.1 

—108.4 

—56.7 

—6.6 

"44.7 

p6 

+26.6 

+8.3 

—10.6 

—28.4 

—46.7 

—65.1 

,  —83.4 

-21.7 

"39.9 

p7 

+12.8 

+4.4 

—3.9 

—12.3 

—20.7 

—29.0 

—37.4 

;  —45.8 

"25.9 

z* 

— 15S.1 

—56.7 

4-44.8 

+146.9 

+247.6 

+349.1 

+450.5 

+551.9 

+653.3 

w5 

+25.9 

+9.3 

—7.3 

—23.9 

—40.5 

—57.1 

—73.7 

|  —90.3 

—106.9 

2    Livel  + 

+685.8 

+383.0 

+327.0 

+367.3 

+406.1 

+445.8 

+485.4 

+573.3 

+885.4 

load)  — 

—213.3 

-163.7 

—281.3 

—413.6 

—466.2 

—438.5 

—330.0 

j— 190.7 

—195.7 

3 

Sums 

Dead  load 

+472.5 
+354.3 

+219.3 

+45.7 

—46.3 

—60.1 

+7.3 

+155.4 

+382.6 

+689.7 

4 

+164.4 

+34.2 

—35.4 

—45.0 

+5.4 

+116.4 

+286.8 

+517.2 

5 

Max.  + 

+1040.1 

+547.4 

+361.2 

+331.9 

+361.1 

+450.2 

+601.8 

+860.1 

+1402.6 

Max.  — 

—247.1 

—449.0 

—411.2 

—433.1 

—213.6 

The  horizontal  column  1  of  this  table 
shows  at  a  glance  the  distribution  of  live 


load  giving  the  maximum  strain  in  any 
bav  :"in   the  bav  BC  for  instance  the 
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loads  W2  W5  and  P4  to  P,  inclusive 
produce  positive  moments,  and  hence 
the  greatest  tensile  strain  obtains  when 
those  loads  are  on  the  bridge  and  all 
others  are  absent,  while  the  least  tensile 
strain  in  B  C  occurs  when  W„W.  P,,  P„ 
and  P3  are  present  and  the  others  ab- 
sent. Adding  separately  therefore  these 
positive  and  negative  moments,  we  have 
in  2,  the  greatest  and  least  moments  for 
every  bay  due  to  the  live  load.  Adding 
those  algebraically  and  we  have  in  3  the 
moments  when  the  live  load  covers  the 
entire  bridge ;  taking  three-fourths  of 
the  quantities  in  3  we  have  in  4  the  mo- 
ments due  to  the  actual  dead  load. 
Lastly  combining  the  moments  in  4  which 
always  must  exist  with  those  in  2  which 
may  exist,  we  get  in  5  the  absolute 
maxima  and  minima.  For  example,  in 
CD  we  have  due  to  the  live  load  the 
moments  +327.0  and  —281.3,  the  sum 
of  these  or  +45.7  is  the  moment  when 
the  live  load  extends  over  the  whole 
girder,  three-fourths  of  this  or  +34.2  is 
the  value  due  to  the  actual  dead  load, 
and  finally 

+  34.2 +  327.0= +  361.2  tons  ft. 
+  34.2  —  281.3=—  247.1  tons  ft. 

are  the  maximum  positive  and  negative 
moments,  C  D  may  then  be  subject  to 
two  kinds  of  strain. 

Dividing  these  results  by  the  depth  of 
the  truss  and  remembering  that  a  posi- 
tive moment  causes  tension  in  the  upper 
chord,  we  have  the  maximum  strains  for 
the 

Upper  Chord.    (See  Fig.  10.) 


AB 

1-104.0  tons 

BC 

h  54  7 

CD 

h  36.1  or  —24.7  tons 

DE 

+  i 

EF 

-  36.1  or  —41.1 

FG 

f-  45.0  or  —43.3 

GH 

-  60.2  or  —21.4 

HK 

-86.0 

KL 

h-140.3 

From  this  we  see  that  the  whole  upper 
chord  may  under  certain  positions  of  the 
rolling  load  be  subject  to  tension.  This 
is  due  to  the  short  length  of  the  span 
compared  with  the  adjacent  ones.. 

The  calculation  of  the  maximum 
strains  in  the  lower  chord  is  entirely 
similar,  the  centers  of  moments  being  at 
the  opposite  vertices  B,  C,  D,  etc.,  and 


the  corresponding  values  of  a;  being  5, 
15,  25,  etc.  We  leave  therefore  as  an 
exercise  for  the  student  the  formation  of 
the  tabulation,  merely  giving  the  results 
to  which  it  will  lead,  viz. 

Lower  Chord.    (See  Fig.  10.) 


ab 

—  76.9  tons 

be 

—  41.4 

ed 

—  34.7  or  +34. 6  tons 

de 

—  34.7  or  +47.8 

ef 

—  40.7  or  +47.1 

fg 

—  51.9  or  +34.0 

gh 

—  70.7 

hk 

—127.9 

The  strain  sheet  for  the  span  Z3  (Fig. 9) 
is  now  finished^  and  in  a  similar  way 
each  of  the  other  spans  may  be  comput- 
ed. The  method  we  have  presented  is 
entirely  general  and  applicable  to  any 
number  of  continuous  spans,  whether 
equal  or  unequal.  In  each  case  we  take 
the  load  in  the  exterior  spans  as  uniform 
and  that  in  the  span  under  consideration 
as  applied  at  the  panel  apices,  and  find 
for  each  the  quantities  A  and  B  from  (I) 
and  from  the  lengths  of  the  spans  we 
find  by  (II)  the  multipliers  c  and  d. 
These  enable  us  to  deduce  from  (III) 
the  moments  at  the  supports  due  to  each 
load,  from  which  (IV)  give  us  the  shear. 
It  is  only  in  this  preliminary  computation 
of  moments  and  shears  that  the  calcula- 
tion of  continuous  girders  differs  from 
that  of  ordinary  simple  trusses.  In  the 
latter  the  moments  at  the  ends  are  known 
to  be  zero,  and  the  shears  coincide  with 
the  reactions  which  are  found  from  the 
law  of  the  lever.  The  simple  truss  is 
thus  but  a  particular  case  of  the  continu- 
ous one  as  may  be  readily  seeD  by  placing 
s=l  in  our  formulae  (I)  to  (IV).  In  an 
end  span  of  a  continuous  truss  the  mo- 
ment at  the  abutment  is  also  zero  and 
the  shear  is  the  same  as  the  reaction.* 

girders  with  spans  all  equal. 
This  is  one  of  the  most  common  cases. 
Making  in  (II)  all  the  Vs  equal,  we  have 

c=dx—     0 
c,=d,=     1 

c=d=   15 
cb=db=—56 
c=d=  209,  etc., 

*  For  an  example  of  the  computation  of  a  continuous 
truss  of  two  spans,  see  Van  Nostrand's  Engineering 
Magazine  for  July,  1875. 


OK   CONTINUOUS   BKLDGES. 


203 


which  are  the  well-known  Clapeyronian 
numbers  first  deduced  by  the  discoverer 
of  the  theorem  of  three  moments.*  Each 
of  these  numbers  is  equal  to  four  times 
the  preceding  one  less  the  one  next  pre- 
ceding, and  their  signs  are  alternately 
positive  and  negative.  They  are  here 
seen  to  be  a  particular  case  of  our  gener- 
al formulae  (II). 

GIRDERS  WITH  SYMMETRICAL  SPANS. 

If  the  two  end  spans  of  the  bridge  are 
each  equal  to  (31  and  the  others  each 
equal  to  I,  the  multipliers  c  and  d  become 
also  equal.     Their  values  are 

c=dx  —  0 

c=d  =  1 

cs  =  d3  =  -  2-2/3 

c=d=       7   +   8/3 

cb=db=-26  —  30/3 

ce=de=     97  +  112  /?,  etc., 

each  being  equal  to  four  times  the  pre- 
ceding one  less  the  one  preceding  that. 
Having  established  the  value  of  j3  (usual- 
ly taken  at  about  0.8)  these  reduce  at 
once  to  numerical  form.  If  /3  be  unity 
the  spans  become  all  equal  and  the  mul- 
tipliers reduce  to  the  Clapeyronian  num- 
bers. 

Example. — A  girder  of  four  spans  has 
a  single  load  P  in  the  second  span  at  a 
distance  lei  from  the  second  support; 
the  two  end  spans  being  equal  to  0.8/ 
and  the  central  ones  to  I.  Find  the  mo- 
ment at  the  second  support. 
Ans.  Ma  =  P /(0.52&  — 0.901  £2  +  0.38l£8) 

CONSTANT  AND    VARIABLE  CROSS    SECTION. 

Having  computed  the  maximum  strains 
in  a  continuous  truss,  we  choose  for  the  | 
various  pieces  cross  sections  of  an  area 
and  form  sufficient  to  resist  those  strains, ! 
thus  making  the   girder  one  of  ^uniform  | 
strength.     The  theory  by  which  we  have  I 
computed  the  strains  supposes  however  j 
that  the  cross  section  of  the  girder   is  | 
constant.     The  question  now  arises  what 
error  is  introduced  by  this  hypothesis. 

As  we  have  been  unable  to  present  in 
the  short  limits  of  this  paper  the  theory 
of  the  continuous  girder  with  variable 
cross  section,  we  cannot  place  before  the 
reader  a  mathematical  comparison  of  the 
two  cases,  and  are  hence  obliged  to  re- 


*  See  Comptes  Mendus,  1S57,  p.  1076. 


ly  on  the  computations  of  others  and  on 
general  considerations. 

Computations  of  strains  in  continuous 
I  girders  have  been  made  by  Bresse,  Mohr, 
Winkler,  Weyrauch  and  others,  consid- 
ering the  cross  section  both  constant  and 
variable.  The  general  conclusion  to  be 
derived  from  their  investigations  is,  that 
the  maximum  moments  over  the  supports 
are  greater,  when  the  variable  cross  sec- 
tion is  taken  into  account,  but  rarely 
more  than  six  per  cent,  that  the  maximum 
moments  near  the  centers  of  the  spans 
are  generally  slightly  less,  and  that  the 
shearing  forces  do  not  sensibly  differ.* 
For  example,  in  a  truss  of  two  equal 
spans,  the  maximum  moment  at  the  pier 
is  0.125  wP  for  constant  cross  section 
and  0.133  wF  for  variable  ;  the  maximum 
negative  moment  is  0.070  wl%  for  constant 
and  0.067  w  V  for  variable,  and  the  reac- 
tions of  the  pier  are  1.250  w  I  and  1.266 
w  I  respectively. 

If  then  we  compute  continuous  trusses 
as  if  they  were  of  constant  cross  section, 
we  are  liable  to  slight  errors  in  the  chord 
strains.  These  strains  are  however  com- 
puted on  the  assumption  of  a  distribution 
of  live  load  which  can  never  occur  in 
practice,  and  in  proportioning  the  sec- 
tions to  those  strains  a  factor  of  safety 
involving  five  or  six-fold  security  is  in- 
troduced. Considering  then  that  it 
must  be  almost  impossible  for  the  live 
load  to  be  arranged  on  the  bridge  as 
Fig.  8  represents,  we  may  be  well  as- 
sured that  our  computations  on  the  hy- 
pothesis of  constant  moment  of  inertia 
give  greater  strains  than  can  ever  obtain. 
After  having  computed  on  both  hypo- 
theses a  girder  with  four  spans,  two  of 
sixty-five  meters  in  length  and  two  of 
fifty-two  meters,  Weyrauch  says  :  "  We 
are  now  able  to  answer  the  question, 
whether  it  is  allowable  to  calculate  con- 
tinuous girders  with  variable  cross  sec- 
tion by  the  formulae  for  constant  cross 
section,  in  the  affirmative.  The  maxi- 
mum moments  arising  from  the  two  cal- 
culations differ  but  slightly.  In  our  ex- 
ample, where  the  cross  sections  vary  be- 
tween 1  and  2i,  the  greatest  difference 
was  6  per  cent,  the  next  following  only 
2.7  per  cent.    The  shears  change  scarcely 


*  Mohr.  in  Zeitschrift  des  A  rch.  u.  Ing.  Ver.  zu  Hanno- 
ver, 1860,  1S62,  Winkler ;  Die  Lehre  von  der  Elasticitdt, 
p.  150.  Weyrauch ;  Theorie  der  continuirlichen  Trdger, 
p.  22.,  p.  143. 
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at  all.  Only  for  bridges  with  extremely 
long  spans,  is  it  desirable  to  make  a  sec- 
ond computation  on  account  of  variable 
cross  section." 

LEVELS  OF  SUPPORTS. 

In  Chapter  I  we  alluded  to  the  fact 
that  small  changes  in  the  relative  levels 
of  the  piers  produce  great  variations  in 
the  strains  of  the  pieces  of  the  truss. 
Continuous  girders  should  not  for  this 
reason  be  used  when  the  piers  are  liable 
to  settle.  Whether  the  supporting  points 
are  exactly  upon  level  when  the  bridge 
is  built  is  a  matter  of  no  importance,  al- 
though, of  course,  no  great  differences 
can  be  allowed. 

If  in  finding  the  equation  of  the  elas- 
tic line  we  had  considered  the  sup'ports 
on  different  levels,  a  term  containing 
those  differences  of  level  and  the  term 
E  I  would  have  entered  the  theorem  of 
three  moments.  Now  if  a  straight  beam 
be  laid  across  two  points,  a  downward 
force  is  necessary  in  order  that  it  should 
touch  a  third  point  at  a  lower  level.  If 
this  downward  force  be  furnished  by  the 
weight  of  the  beam,  a  certain  part  of 
this  weight  will  be  effective  in  producing 
the  deflection  or  satisfying  the  term  E  I, 
while  the  remaining  part  will  act  exactly 
as  if  the  three  supports  were  on  the  same 
level.  But  if  the  beam,  instead  of  being 
originally  straight,  were  of  such  a  shape 
that  it  exactly  fitted  the  three  points  it 
is  in  the  same  condition  as  the  horizontal 
one  after  it  has  undergone  the  deflection. 
Hence  its  action  is  independent  of  the 
variations  in  level,  for  no  exterior  force 
is  required  to  compel  it  to  correspond  with 
the  points  of  support. 

We  therefore  conclude,  that  if  a  bridge 
be  built,  by  suitably  adjusting  its  false 
works,  corresponding  to  the  profile  of  the 
piers,  all  the  strains  obtain  exactly  as  if 
those  piers  were  on  one  and  the  same 
level. 

BEST  LENGTHS  OF   SPANS. 

Except  the  well-known  rule  that  the 
lengths  of  the  spans  should  be  so  adjust- 
ed that  the  cost  of  the  piers  and  super- 
structure may  be  equal,  there  is  little  to 
be  said  upon  this  subject.  Altho'ugh 
most  writers  give  a  mathematical  discus- 
sion of  the  most  economical  relations  of 
spans,  the  fact  that  no  two  of  them 
agree  except  in  the  simplest  case,  only 
indicates   that    the   theory   contains   no 


principle  which  will  lead  to  general  con- 
clusions. 

Viewing  the  matter  from  a  practical 
point  of  view,  but  not  neglecting  the  in- 
vestigations of  mathematicians,  we  may 
give  the  following  rules.  For  two  spans 
the  lengths  should  be  equal.  For  others 
the  span  should  be  symmetrical,  the  in- 
terior ones  being  equal  and  the  end  ones 
shorter  by  about  one-fifth  or  one- sixth, 
or  making  the  central  ones  each  equal  to 
/,  the  end  ones  should  be  about  H  or  f  I. 
Such  an  arrangement  equalizes  the  mo- 
ments due  to  the  dead  load  and  being 
pleasing  to  the  eye,  it  is  advisable  to  re- 
gard it  in  designing  continuous  bridges. 

PRACTICAL    CONSTRUCTION. 

In  the  construction  of  continuous 
bridges,  the  following  points  should  be 
carefully  observed  : 

1.  The  iron  should  be  of  a  uniform 
qnality,  and  have  undergone  as  near  as 
possible  the  same  process  of  manufac- 
ture. 

2.  The  truss  should  be  built  with  par- 
allel chords,  each  capable  of  resisting 
either  tension  or  compression  ;  the  web- 
bing should  be  simple.  With  double 
and  triple  systems  of  webbing  the  strains 
cannot  be  accurately  determined. 

3.  Joints  in  the  chords  should  never 
be  made  over  the  piers. 

4.  The  false  works  should  be  so  adjust- 
ed that  the  bridge  may  be  built  with  its 
points  of  support  on  the  same  relative 
level  with  the  actual  bed  plates. 

5.  The  bearing  surface  of  the  bridge 
upon  the  piers  should  be  as  small  as  pos- 
sible consistent  with  considerations  of 
strength  and  safety,  and  arrangements 
for  longitudinal  variation,  due  to  changes 
in  temperature,  should  be  provided. 

6.  Continuous  girders  cannot  be  used 
if  the  piers  are  liable  to  variations  in 
level  after  erection. 

ADVANTAGES    OF    THE    CONTINUOUS    SYS- 
TEM. 

In  favor  of  the  continuous  girder  versus 
the  simple  one,  we  may  mention  : 

1.  Greater  stiffness,  since  the  deflec- 
tion under  a  rolling  load  is  much  less 
than  that  of  independent  simple  spans. 

2.  Ease  of  erection  in  cases  where 
false  works  are  difficult  and  expensive  ; 
the  girder  may  then  be  built  on  shore 
and  pushed  out  over  the  piers. 

3.  Saving  in   material  for   the   piers, 
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since  a  less  bearing  surface  is  required 
than  for  two  ends  of  single  span  bridges. 


American   Society   of   Civil  Engineers. 
Of  these  we  will  give  a  short  abstract 


4.  Saving  in  iron,  amounting  to  from  ■  and  append  a  running  commentary. 
twenty  to  forty  per  cent,  over  the  ordinary  i      1.  The  theoretical  calculation  of  curves 
construction  of  single  spans.  of   moments,    without   consideration   of 

5.  Simplicity  of  construction,  when  an  j  proportions  and  details,  is  exceedingly 
angle  of  skew  exists  in  the  piers:  in  such  |  fallacious. — Other  things  being  equal, 
cases  the  cross  girders  may  be  placed  at  the  calculation  of  strains  does  furnish  an 
right  angles  in  the  continuous  structure, ;  estimate  of  amounts  of  material.  The 
and  the  difficulties  of  oblique  connec-  j  method  of  curves  moreover  is  neither  so 
tions  entirely  avoided.  accurate  nor  so  quick  as  our  process  of 

In  a  simple  girder,  whose  length  is  /,  ■  tabulation, 
and  live  load  per  unit  of  length  iv,  the  |      2.     This  fallacy  will  be  greater,  if  the 
maximum  deflection  due  to  the  live  load  !  theory  stands  upon  false  premises. — Un- 


1S 


5  wV 


doubtedly. 

3.  The  theory  of  continuity  is  fallaci- 
ous and  unreliable,  because  it  supposes 
the  coefficient  of  elasticity  constant, 
whereas  it  has  been  shown  that  it  may 
vary  for  wrought  iron  from  17,000,000  to 
40,000,000  lbs.  per  square  inch. — In  our 
last  chapter   we  have   shown   that   the 

proper  interpretation  of  the  variability 
greatest  value  being  m  the  end  spans.   *\,  U  .      ,,    \  -,.«.        ,  ,.,.         -  .    -Y 

f    ,-,  c        •  f         utv  j       *  n      of  JL  is,  that  different  qualities  of  iron 

In  the  case  oi  a  girder  with  horizontally!,  t.^>        .   -,  *   ,     ,.  .,       m, 

f.etOT^  *n^  iha  ^<w;™  i«  nnW  nJ  I  n{\ve  different  degrees  of  elasticity.    The 

values  of  L,  from  which  it  is  concluded 


..  In  two  continuous  spans  each 
384  hj  I 

equal  to  /,  the  maximum  deflection,  which 

occurs  when  one  span   is  covered  with 

the  live  load,  is    '     =  T,    or    only   three- 
384  XL  1 

fourths  as  much.     With  many  continu- 
ous spans,  the  deflection  is  much  less,  its 


fastened  ends,  the  deflection  is  only  one- 
fifth  of  that  of  ordinary  simple  spans. 

The  saving  in  iron  is  large,  and  alone 
sufficient  to  recommend  the  continuous 
system,  particularly  for  long  spans.  This 
saving  occurs  wholly  in  the  chords  where 
material  can  best  be  spared.  In  the  web- 
bing the  quantity  of  material  is  slightly 
increased.    The  exact  percentage  of  sav 


that  the  laws  of  flexure  are  fallacious, 
were  in  fact  found  by  the  theory  itself 
from  the  measured  deflections  of  beam*, 
and  it  is  hence  more  than  fallacious  to 
regard  them  as  condemning  that  theory. 
4.  With  several  diagonal  systems  the 
strains  in  a  continuous  girder  cannot  be 

■A  good 


ing  depends  upon  the  number  and  lengths  i  calculated,  but  only  guessed. 

of  spans,  the  proportion  of  live  to  lead  I  °^ectl0n  f\d  !t  a^heS  als0  t0  Sim?le 

load,  the  arrangement  of  webbing,  and  will  j  Sirde£i  an<*  <"aw  spans. 

t™  +tL  *,„«,„  i»     n  *«,«  «„«^„      t    +i^  „  5-    A  he  theory  needs  a  correction  if  the 

be  the  same  in  no  two  cases.     In  the  ex-     -.      -,  /         •  ■.  i    • 

i       c  17-      n   +i  *  l-i  ■  chords  are  made  variable  m  cross  section, 

ample  of  Fig.  9,  the  center  span  which  i      m  .    n,.  ^  ^jwu. 

m*„„ +°A    j*Ma i+  „-ff_fj   „„„  ^i      — The  amount  of  this  correction  we  have 

we  computed   does  not  arrord  scarcely  .    -j-     .    -,    ^ 

•r  .     •  i        •       *    +-U     •  J  \  indicated  above, 

any  saving  in  material  owing  to  the  in-       „      m,  ,     ,   ,  - 

6.     1  he     calculation     of     continuous 

,  trusses  is  excedingly  tedious,  and  if  gen- 


fluence    of    the    larger   adjacent    spans. 
For   girders   of    two    hundred    feet 


erally  introduced  would  greatly  impede 
the  business  of  bridge  building  in  this 
country. — A  conclusion  to  which  those 
who  know  how  to  calculate  decidedly  ob- 
ject. For  a  construction  costing  half  a 
million  dollars,  it  matters  little  whether 
one  day  or  one  week  be  spent  in  compu- 
tation, and  if  the  one  week  saves  ten  per 
In  our  last  chapter  we  referred  to  an  i  cent  or  more  on  the  cost,  it  is  certainly 

article  by  Charles  Bender,  C.  E.,  which  ;  well  employed.* 

contains     many     ingenious     arguments 

against  the  use  of  continuous  bridges. 

There  are,  in  fact,  fifteen  "conclusions  " 

to  which  he  is  led  and  which  may  be 


length  with  spans  nearly  equal,  calcula- 
tion indicates  a  saving  of  about  thirty 
per  cent.  For  the  extreme  case — a  sin- 
gle span  with  horizontal  fixed  ends — the 
saving  is  fifty  per  cent. 

DISADVANTAGES  OF  THE  CONTINUOUS  SYS- 
TEM. 


*  In  the  discussion  of  this  subject  at  the  late  Engineers' 
Convention,  one  of  the  speakers  mentioned  an  instance 
where  the  strain  sheet  for  a  continuous  revolving  draw 
bridge  was  furnished  for  $40.  As  that  strain  sheet  was 
made  by  the  author  of  ihis  paper  it  is  not  improper  that 
,  he  should  remark  that  its  price  would  have  been  consid- 
Seen  by  the  reader  On  p.  109  OI  the  CUr-  erably  less  bad  the  computations  been  made  by  tabula- 
rent   volume    of    The  Journal    of   the  ' tion  of- ape^  loads'  instead  of  by  the  consideration  of 


cases  of  loading. 
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7.  Pieces  which  resist  two  kinds  of 
strain  must  be  proportioned  to  resist  the 
maximum  tension  plus  the  maximum 
compression. — Further  experiments  are 
much  needed  in  this  connection  ;  if 
Woehler's  conclusions  are  confirmed, 
pieces  must  be  so  proportioned  and  hence 
the  percentage  of  saving  lowered. 

8.  Continuous  girders  require  very- 
accurate  workmanship. — Are  we  to  infer 
that  ordinary  trusses  do  not  ? 

9.  The  foundations  and  masonry  of 
the  piers  must  be  of  excellent  quality. — 
Does  not  the  same  hold  for  the  simple 
girder?     See  No.  11. 

10.  If  the  girders  are  built  on  shore 
and  pushed  out  over  the  piers,  additional 
computations  must  be  made  and  extra 
pieces  introduced. — The  additional  com- 
putations are  of  the  simplest  character 
and  in  many  cases  no  extra  pieces  would 
be  needed. 

11.  If  improperly  placed  on  their  bed 
plates,  greater  strains  arise  than  are  con- 
templated, an  inch  difference  in  level 
producing  great  variations  in  strains. — 
We  have  shown  above  that  unless  piers 
are  liable  to  settle  after  the  erection  of 
the  bridge,  such  differences  in  level  pro- 
duce no  effect. 

12.  If  one  chord  be  protected  from 
the  heat  of  the  sun  the  strains  are  much 
disturbed. — The  camber  of  the  bridge 
is  altered,  as  also  occurs  in  single  spans. 
It  should  be  remembered  however  that 
although  certain  strains  cause  a  curva- 
ture, a  certain  curvature  does  not  neces- 
sarily cause  corresponding  strains. 

13.  Continuous  bridges  have  proved 
to  be  more  economical  in  Europe  than 
simple  spans,  because  the  latter  have 
been  improperly  proportioned. — Trial  is 
necessary  to  prove  that  they  would  or 
would  not  be  more  economical  in  this 
country. 

14.  By  designing  two  bridges  of  200 
feet  each,  a  two  span  continuous  truss 
twenty-five  feet  high,  and  a  simple  truss 
27  feet  high,  with  different  details,  Mr. 
Bender  finds  that  the  latter  is  more 
economical. — Perhaps  for  other  propor- 
tions this  might  be  reversed.  In  a  com- 
parison of  amount  of  material,  ought  not 
other  things  to  be  taken  equal  ? 

15.  Continuous  bridges  deflect  as  much 
as  single  spans. — Not  if  they  have  the 
same  height  and  span,  and  are  subject  to 


the  same  loads ;  a  fact  which  every 
schoolboy  knows. 

In  regard  to  objections  2,  6,  7,  8,  9, 10, 
12  and  13  one  remark  further  is  neces- 
sary. They  are  objections  which  may 
be  made  to  every  new  proposed  con- 
struction in  engineering  art.  In  the 
days  of  wooden  bridges,  they  were  ad- 
vanced against  the  use  of  iron  ;  they 
have  been  made  against  the  suspension 
system  and  against  the  braced  arch. 
But  their  value  can  be  estimated  in  only 
one  way,  by  trial.  On  the  other  hand 
theory  can  estimate  one  at  least  of  the 
advantages  claimed  for  the  continuous 
systems,  and  that  estimate  is  a  saving  of 
twenty  to  forty  per  cent,  in  material; 
how  much  of  this  must  be  deducted  for 
extra  care  in  workmanship,  labor  of  erec- 
tion, effects  of  temperature,  or  varia- 
tions in  the  elasticity  of  the  material  can 
only  be  determined  by  the  actual  erec- 
tion of  continuous  bridges,  by  experi- 
ments extending  through  a  long  series 
of  years. 

Having  thus  stated  briefly,  but  fairly, 
the  arguments  for  and  against  the  use  of 
continuous  bridges,  we  leave  it  to  prac- 
tical builders  to  decide  whether  or  not 
the  system  is  worth  a  trial.  Other  na- 
tions have  long  been  using  it ;  profiting 
by  their  experience  and  by  our  own  im- 
proved methods  of  manufacture  and 
modes  of  erection,  it  may,  perhaps,  turn 
out  that  we  shall  find  it  better  and  more 
economical  than  the  present  system  of 
single  independent  spans. 

HTSTORY    AND    LITERATURE. 

The  literature  on  the  theory  of  con- 
tinuous girders  is  very  extensive  in  the 
German  and  French  languages,  and  very 
limited  in  English.  We  can  only  give 
here  a  few  hints  concerning  its  develop- 
ment and  history. 

About  the  year  1825,  Navier  founded 
the  present  theory  of  flexure  by  intro- 
ducing the  hypothesis  that  the  exten- 
sions and  compressions  of  the  fibers  on 
each  side  of  the  neutral  axis  were  pro- 
portional to  their  distances  from  that 
axis.  From  this  he  deduced  the  equa- 
tion of  the  elastic  line,  and  applied  it  to 
the  discussion  of  continuous  girders. 
His  method  consisted  in  determining 
first  the  reactions  of  the  supports,  and 
from  these  the  internal  forces  or  strains, 
which,  although  the  most  logical,  was 
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exceedingly  tedious  in  practice.  In  the 
following  works  the  reader  may  find  de- 
tailed information  concerning  his  meth- 
od : 

Kayser  :  Handbuch  der  Statik,  Carls- 
ruhe,  1836,  chap.  X. 

Molinos  et  Pronnier  :  Traite  de  la 
construction  des  ponts  metaliques,  Paris, 
1857. 

From  the  time  of  Navier  to  the  pub- 
lication in  1857  by  Clapeyron  of  the 
method  of  using  the  moments  over  the 
piers  as  auxiliaries  in  the  computation 
instead  of  the  reactions,  many  continu- 
ous girders  were  built  in  France,  Ger- 
many and  England.  Among  these  may 
be  mentioned  the  Britannia  tubular 
bridge,  of  four  spans,  two  of  231  feet, 
and  two  of  460  feet ;  the  Boyne  Via- 
duct with  three  spans  of  141,  267  and 
141  feet ;  and  the  bridge  over  the 
Weichsel  at  Dirschau  with  six  continu- 
ous spans,  each  397  feet  in  length.  By 
Clapeyron's  happy  discovery  of  the  the- 
orem of  three  moments,  a  great  impetus 
seemed  to  be  given  toward  the  erection 
of  such  bridges,  for  in  the  twenty  years 
following  1857,  we  find  them  extensively 
built  in  Germany  and  France,  although 
in  England  the  unfortunate  example  of 
the  Britannia  tube  caused  a  tendency  to 
other  forms  of  construction.  A  mere 
list  of  such  bridges  would  occupy  pages. 
They  are  generally  of  shorter  span  than 
those  mentioned  above,  rarely  exceeding 
300  feet,  while  the  number  of  spans 
varies  from  two  to  seven. 

To  give  here  a  list  of  the  books  which 
has  appeared  since  Clapeyron's  time  will 
also  be  impossible.     We  can  only  indi- 


cate two  or  three  which  are  at  the  same 
time  valuable  and  easily  accessible  : 

Bresse  :  La  mecanique  appliqu'ee, 
Paris,  1865.  (Vol.  Ill  contains  a  tolera- 
bly complete  mathematical  discussion, 
with  tables  for  facilitating  the  calcula- 
tion of  moments.) 

Winkler:  Iheorie  der  JB?'uecken,Vierm&, 
1872.  (Contains  the  graphical  method 
of  Culmann  and  Mohr,  with  also  analyt- 
ical investigations.) 

Weyrauch  :  Theorie  der  continitir- 
lichen  Traeger,  Leipzig,  1873.  (A  com- 
plete analytical  discussion  of  the  whole 
subject.  The  best  work  which  has  yet 
appeared.) 

In  our  own  country  have  been  issued 
during  the  past  year  the  works  of 
Greene,  Herschel  and  DuBois,  each  of 
which  contains  valuable  contributions  to 
the  literature  of  the  subject,  and  which 
should  be  in  the  library  of  every  student 
of  engineering.  On  the  other  hand, 
works  by  English  authors,  which  treat  of 
the  subject  at  all,  do  it  in  such  an  imper- 
fect and  unsatisfactory  manner,  that  we 
are  forced  to  consider  them  as  twenty 
years  behind  the  age. 

As  the  above  mentioned  works  treat 
only  of  the  theory  and  calculation  of 
continuous  girders,  we  ought  perhaps  to 
say  that  a  book  giving  an  account  of  the 
most  important  continuous  and  simple, 
together  with  suspension  and  arch 
bridges,  is  the  admirable  descriptive 
work  by  Heinzerling,  Die  Bruechen  in 
Eisen:  Leipzig,  1870,  which  is  illustrat- 
ed by  over  a  thousand  engravings,  and 
presents  a  complete  history  of  iron 
bridge  construction. 
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Three  years  ago  there  was  published  a 
valuable  Report,  bearing  the  authorita- 
tive name  of  M.  Maxime  du  Camp,  re- 
specting the  water-service  of  Paris.  Since 
that  time,  a  curious  development  has 
taken  place,  proving  to  the  great  French 
capital  that  it  cannot  depend  upon  the 
river  for  its  constant  and  natural  supply. 
With  that  regard,  therefore,  which  the 
French  invariably  exhibit  for  public  in- 
terests of  a  social  kind,  a  commission  was 


issued,  and  its  statement  is  in  print,  if 
not  yet  in  circulation.  But  its  publicity 
may  be  expected  within  the  next  few 
days.  Meanwhile  a  brief  recapitulation 
of  the  contents  may  be  useful.  Paris, 
it  may  justly  be  said,  has  taken  the  lead 
among  the  cities  of  Europe,  in  the 
matters  of  water  and  light,  dark  and 
miserable  though  its  traditions  have 
been.  And  yet  it  is  a  city,  in  this  re- 
spect, of  want  and  sacrifice ;  for  there 
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was,  until  lately,  no  worse-watered  town 
to  be  discovered  through  the  length  and 
breadth  of  Europe.  In  plain  truth,  its 
principal  streets  have  been  considered 
to  the  disregard  of  its  lesser  thorough- 
fares, and  the  whole  have  suffered  from 
the  effects  of  this  absurd  municipal  fa- 
voritism. But  the  new  system  is  in 
full  operation  at  present,  and  Paris  en- 
joys now  a  real  abundance  of  water. 
There  is  no  quarter  in  which  the  mere 
turning  on  of  a  tap  will  not  ensure  an 
instant  and  copious  service.  Reservoirs, 
aqueducts,  and  fountains  are  far  more 
numerous  than  in  London.  Paris,  in 
fact,  has  escaped  from  what  the  Arab 
picturesquely  calls  "  the  hour  of  thirst." 
Yet  this  is  an  improvement  of  altogether 
recent  date.  When  the  last  Report  was 
published,  during  the  earlier  years  of 
the  Second  Empire,  the  Cite,  alone,  of 
all  that  beautiful  metropolis,  enjoyed  its 
pure  and  abounding  issue  from  the  hills 
around  ;  and  this  water  was  irreproach- 
ably sweet.  It  was  not  derived  from  the 
Seine,  which  then  held  in  solution  a 
Thames-load  of  abominations  and  nui- 
sances :  yet  this  condition  could  not  en- 
dure. The  uncorrupted  current  flowed 
over  a  low  marsh,  and  was  polluted  by  it. 
But  there  was  an  explanation  of  this  re- 
sult, and  it  accounted  for  a  great  fact  in 
the  history  of  Parsian  mortality  during 
the  ensuing  years.  The  new  aqueduct  pass- 
ed by  a  tunnel,  through  "  the  Mountain  of 
Martyrs,"  among  graves  and  the  uncoffin- 
ed  dead,  and  also  through  the  vaults  of 
a  churchyard  for  the  incurables,  the  con- 
sequence of  which  was  the  poisoning  of 
an  entire  district  for  from  between  twen- 
ty and  thirty  years.  However  all  this 
has  been  abolished,  now  the  laughing- 
little  stream,  the  Bievre,  runs  in  place  of 
the  sour  old  sewer,  and  sparkles  into  the 
Seine,  just  under  the  gray,  unfinished 
towers  of  Notre  Dame  ;  and  the  visitor 
is  astonished  to  be  told  that  those  are 
the  waters  of  Arcueil,  brought  by  an 
aqueduct,  temp.  1544,  Roman  and  Julian 
in  age  and  character, —  Guarda  e  passu. 
There  is  not  a  syllable  of  truth  in  the 
legend,  from  beginning  to  end.  These 
things  are  made  up  of  Roman  brick- 
work, and  have  no  more  true  antiquity 
about  them  than  the  bridge  of  Auster- 
litz.  Nevertheless,  they  possess,  no 
doubt,  a  particular  interest.  The  monks 
of  Saint  Lawrence  were  determined  to 


get  drinking-water  without  having  re- 
course to  the  Seine.  They  excavated, 
in  an  Indian  manner,  vast  tanks  at  Ro- 
mainville,  Bruyeres,  Menilmontant,  and 
Saint  Gervais,  and  afterwards  at  Saint 
Martin-des-Champs, — Saint  Martin's-in- 
the-Fields,  of  London  popularity, — and 
they  did  more  than  this,  they  dug  a  sub- 
terranean aqueduct,  7,000  ft.  in  length, 
which  existed  before  the  New  River  was 
actually  in  contemplation.  Were  these 
the  works  of  ordinary  workmen  ?  No  ; 
of  monks,  who  thus  employed  their 
spare,  though  not  indolent  time.  Let 
us  honor  them  for  it.  Yet  it  must  be 
admitted  that  they  were,  in  a  degree,  self- 
ish. They  began,  at  any  rate,  by  appro- 
priating the  waters  of  the  wells  and  other 
sources  to  their  own  gratification.  But 
King  Philippe-Augustus  put  in  a  claim  on 
behalf  of  Paris  ;  and  after  recognizing  his 
merits,  we  must,  indeed,  skip  at  least  a 
hundred  pages  of  the  Report,  in  order 
that  our  own  time  may  be  reached. 

Suppose,  then,  fifty  ordinances,  until 
we  reach  the    present  day.     Paris  now 
drinks   from  the   Seine,   from   L'Ourcq, 
and  from  the  Marne,  from  the  wells  of 
Arcueil  and  of  Huis,  and  from  the  arte- 
sian wells  of  Grenelle    and  Passy.     Its 
fountains  are  also  fed  from  the  steam  ap- 
paratus at  Chaillot,  and  from  the  inge- 
nious mechanism  at    Belleville  ;  and  in 
all  these  places  it  is  remarkable  that  the 
local   territorial   incidents   are    similar ; 
that  is  to   say,  that   the  rain   falling  on 
hills  does  not  descend    altogether    into 
the  valley,   but   is,  in  a   main    part,    ab- 
sorbed  by    the    slopes,    and    furnishes 
Paris  with  its  largest  supply  of  water. 
Of  course,  however,  advantage  is  taken 
of  every  opportunity  possible  for  gather- 
ing into  distinct  channels,    tunneled  or 
not,  all  the  sweet  water  that  can  be  ac- 
cumulated, in  order,  both  to  spare  the 
Seine, — which  isA  exceedingly -impover- 
ished in  its  current,  at    times, — and  to 
provide  a  purer  draught  for  the  citizens. 
Still,  the  hollows  cut  through  the  earth, 
and  constructed  of  unmortared  masonry, 
from  Belleville  and  the  Pres-Saint  Ger- 
vais, are  neither  more  nor  less  than  com- 
mon drains,    though  used  for  drinking 
purposes,  and  they  bring  all  manner  of 
abominations  with  them.     They  are  sew- 
ers, in  point  of  fact,  as  M.  Maxime  du 
Camp  confesses,  and  it  is  to  be  wondered 
at  why    Paris   takes   the  trouble  to  be 


THE   TVATEE   SUPPLY   OF   PARIS. 


209 


proud  about  tiiem.  So  much  is  admit- 
ted in  the  official  Reports — and  French 
official  Reports,  we  are  bound  to  say, 
are,  as  a  rule,  unsparing.  But  there  is 
a  brilliant  side  of  the  picture,  to  which 
we  willingly  turn.  It  is  that  of  avast 
system,  perfectly  regulated,  of  reser- 
voirs carefully  covered  in,  not  architect- 
turally  handsome,  but  protected  from 
all  unhealthy  influences,  with  immense 
currents,  perpetually  pouring  through 
them, — tomb-like,  the  Parisians  say, — 
and  piled  over  with  "  brutal"  masses  of 
architecture  to  keep  the  water  cool. 
Among  the  new  structures  may  be  seen 
many  of  older  date;  as  early,  indeed,  as 
the  middle  of  the  seventeenth  centu- 
ry, the  outer  walls  and  embankments 
of  which  are  hoary  with  lichens,  al- 
though the  tanks  are  as  pure  and  as  free 
from  noisesomeness  as  though  they 
were  the  works  of  the  Moguls,  and  had 
belonged  to  the  marble  groups  of  Agra. 
These  were  architectural  efforts,  how- 
ever, and  no  more  recent  monuments  of 
a  similar  Parisian  ambition  remain. 
Notwithstanding,  the  water-system  of 
Paris  is  improved,  from  year  to  year,  and 
it  is  scarcely  too  much  to  say  that  every 
drop  from  the  fountains  of  the  earth,  in 
the  neighborhood  of  the  capital,  or 
wherever  it  can  be  reasonably  sought  for, 
is  utilized.  Generally  speaking,  thirsty- 
Paris  has  its  thirst  quenched  from  the 
north.  The  waters  of  the  south  are 
soft,  and  slightly  unwholesome,  though 
they  sparkle  brilliantly  enough  in  the 
way  of  fish  ponds  and  fountains.  The 
supply  from  them,  however,  amounts  to 
not  more  than  a  million  of  gallons  a  day, 
which  is  a  fractional  total  for  so  large  a 
city  ;  and  it  is  principally  gathered 
through  an  aqueduct  across  the  valley 
of  the  Bievre,  a  work  Roman  in  magni- 
tude, with  500  yards  of  archway  70  ft. 
abovethe  common  road,  in  many  parts, 
and  with  magnificent  spans  across  canals 
and  roads.  Indeed,  some  relics  of  the 
Julian  period  are  still  to  be  traced  in 
this  monumental  work,  which  French 
archaeologists,  however,  effect  to  despise, 
for  the  plain,  though  insensate,  reason 
that  it  has  been  put  to  common  uses. 
It  stops  short,  however,  about  8,000 
yards  from  the  point  of  general  distri- 
bution. Here  is  a  gigantic  hall,  reso- 
nant with  "the  voices  of  many  waters;" 
immense  pipe-holes  pierce  its  walls  ;  a 
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canal  runs  through  the  centre  of  the 
floor  ;  there  are  pathways  on  both  sides 
of  it ;  galleries  run  above,  with  white 
arched  windows,  letting  in  as  much  light 
as  can  be  expected  ;  the  whole  perspec- 
tive suggests  a  prodigious  cloister,  with 
an  ominous,  offensive  sound,  though  not 
much  of  a  repulsive  scent  pervading  it. 
Taken  for  all-in-all,  indeed,  the  atmos- 
phere is  rather  refreshing  and  pleasant 
than  otherwise.  But  it  is  impossible 
not  to  detect, — as  the  Report,  indeed, 
avows, — the  influence  of  the  weather, 
above  and  beyond  all  artificial  arrange- 
ments or  precautions.  Thus,  when 
heavy  rains  have  fallen,  wells  are  full, 
rivers  have  overflowed,  and  even  the 
gutters  have  been  choked,  the  water- 
supply  of  Paris  is  out  of  order, — is  un- 
healthy, is  contaminated,  and  bursts 
with  black  bubbles  into  the  cisterns, 
which,  as  every  one  knows,  are  always 
exposed  to  the  rainfall.  These  are  points 
especially  insisted  upon  by  the  authors 
of  the  Report,  who  declare  that  numbers 
of  water-sources,  once  famous  in  France, 
and  especially  in  Paris,  have  been  stop- 
ped up  for  architectural  and  other,  pur- 
poses, and  who  also  remind  their  fellow- 
citizens  that  they  were  in  danger — the 
Seine  notwithstanding — of  something  like 
a  water-famine  during  the  German  siege. 
Six  steam-pumps  were  kept  at  work,  by 
day  and  by  night,  in  that  sad  time,  at 
the  port  d'Anglais,  the  Maison  Alfort, 
the  Quai  d'Austerlitz,  Auteuil,  Saint- 
Ouen,  and  Chaillot,  and  even  then  the 
supply  threatened  to  become  a  devas- 
tating scarcity.  The  cost  of  the  ma- 
chinery, and  of  its  operation,  was  among 
the  most  remarkable  items  in  the 
I  Budget  of  Paris,  during  that  calamitous 
'  year.  The  Ourcq,  however,  flowed  free- 
ly through  its  tunnels,  which,  upon  their 
approach  to  the  capital, "are  constructed 
of  massive  blocks,  solid  as  those  of  a 
pyramid.  There  are  sections,  indeed., 
through  which  they  pierce  a  kind  of 
comparatively  valueless  coal-field,  but 
through  the  lateral  avenues  of  which 
■water  rushes  at  a  tremendous  rate,  and 
in  an  enormous  volume,  though,  at  La 
Corderie,  the  Report  tells  us,  a  wheel  of 
90  ft.  circumference  is  required.  It  is 
strange  enough  to  find  that,  in  this  vast 
water  gallery,  a  triple  grating  is  needed 
to  prevent  the  ordure  of  the  suburbs 
from  floating  into,  rather  than  out  from 
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the  subterranean  aqueducts  of  Paris. 
And,  most  repulsive  of  all,  perhaps  is 
the  growth,  upon  stone  walls,  of  the 
"vegetable  spider,"  bred  at  26  degrees, 
a  zero,  and  a  creature  sufficient  to  infect 
any  water  under  heaven.  But  the  an- 
imalization  of  the  lakes,  streams,  and 
ponds  of  Paris  is  not,  just  now,  all  im- 
portant. The  capital  of  Paris  is  seated 
upon  a  curve  of  her  capital  river,  which, 
by  Frenchmen,  in  their  odd  way  of  talk- 
ing, is  called  a  gigantic  corkscrew. 
Whatever  that  may  mean,  it  has  noth- 
ing to  do  with  the  scheme  at  present  in 
view, — which  is,  through  a  grand  series 
of  hydraulic  works,  to  secure  for  Paris  a 
plentiful  supply  of  water  to  drink, — 
water  well  selected  and  scientifically  cer- 
tified, selected  from  known  sources,  and 
free,  so  far  as  can  be  ascertained,  from 
malarious  influences.  Eleven  years  have 
been  devoted  to  this  task,  and  the  results 
have  been  very  creditable  to  the  public 
spirit  of  the  Government  of  France. 
Thus,  the  Commissioners  have  pointed 
out  the  sources  of  the,  Lhuis,  at  Parjois 
itself  ;  they  have  explored  all  the  tribu- 
taries of  the  Vanne  ;  they  have  gone  to 
the  fountains  of  the  Yonne,  and,  when 
we  know  that  this  means  the  difference 
positively  between  food  and  poison,  we 
shall  comprehend  the  importance  of  the 
general  topic.  Eleven  pestilential  rivu- 
lets flow  their  filthy  weight  into  the 
Yonne,  which  creeps  black  and  heavy, 
into  Paris,  like  a  crime,  and  no  tree,  no 
flower,  no  herb  of  any  kind  will  flourish 


upon  its  banks,  where  children  are  sup- 
posed to  be  nurtured  up  to  girlhood  and 
womanhood,  nevertheless.  Five  years 
ago,  an  attempt  at  reform  was  com- 
menced ;  there  were  new  aqueducts 
opened;  new,  pure,  clear  conduits,  cool 
and  close-roofed,  to  supply  the  people 
of  Paris,  free  from  metallic  taint,  and 
from  all  chemical  associations.  Then 
was  underaken,  and  soon  was  completed, 
the  existing  system  of  Parisian  water- 
works. In  their  own  superb  language, 
the  French  commissioners  report,  that 
"  they  constitute  one  of  the  most  inspir- 
ing works  which  it  is  in  the  power  of 
man  to  contemplate."  We  pass  on,  with- 
out feeling  so  precisely  sure  upon  the 
point ;  but  the  new  Parisian  works  are 
unquestionably  imposing,  and,  at  the 
same  time,  not  obtrusive.  The  original 
design  was,  happily  enough,  abandoned. 
There  are  no  bronze  tritons,  and  there 
are  no  marble  nymphs.  There  is  a  res- 
ervoir, three  acres  in  length  and  width, 
with  a  uniform  depth  of  15  ft.,  perpetu- 
ally full,  banked  up,  on  all  sides,  by  a 
forest  of  palisading  to  support  the  earth- 
works, and,  although  this  is  by  no  means 
the  principal  source  of  the  Parisian  sup- 
ply, it  is  a  main  one,  and  exceedingly 
important.  There  are  sixteen  others, 
indeed,  but,  in  comparison,  they  are  in- 
significant. 

The  official  Report,  just  published, 
mentions  only  nine  of  them,  the  others 
being  subsidiary,  and,  in  a  way,  auxiliary 
to  the  rest. 


ON  THE  LANCASHIRE  BOILER,  ITS  CONSTRUCTION, 
*      EQUIPMENT,  AND   SETTING. 

By  Mr.  LAVINGTON  E.  FLETCHER. 

Transactions  of  the  Institution  of  Mechanical  Engineers. 


The  Lancashire  type  of  boiler  differs 
only  from  the  Cornish  in  one  point, 
namely  that  the  Lancashire  boiler  has 
two  furnace  tubes  whereas  the  Cornish 
has  but  one.  In  both  types  of  boiler 
the  shell  is  cylindrical,  the  ends  are  flat, 
and  the  furnace-tubes  are  carried  through 
from  front  to  back  below  the  ordinary 
water  line,  while  the  boilers  are  laid 
horizontally    and   fired   internally.     In- 


ternal firing  is  essential  either  to  a  Lan- 
cashire or  to  a  Cornish  boiler.  It  is  a 
mistake  to  speak  of  an  externally-fired 
Lancashire  or  an  externally-fired  Cornish 
boiler,  though  this  is  frequently  done. 
If  the  fires  are  taken  out  of  the  furnace- 
tubes  of  a  Lancashire  boiler  and  put  un- 
derneath, it  is  a  Lancashire  boiler  no 
longer,  but  becomes  an  externally-fired 
double-flued  boiler  :   and   if   a   Cornish 
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boiler  be  treated  in  the  same  way,  it  be- 
comes an  externally-fired  single-flued 
boiler.  These  boilers  owe  their  names  to 
the  comities  in  which  they  were  first 
brought  into  general  use  The  single- 
furnace  boiler  was  introduced  early  in 
the  present  century  by  Trevithick,  in 
Cornwall,  and  is  therefore  called  Corn- 
ish. The  double-furnace  boiler  was  in- 
troduced in  1844  by  Fairbairn  and 
Hetherington,  in  Manchester,  and  is 
therefore  called  Lancashire. 

In  laying  down  Lancashire  boilers, 
the  fact  has  been  too  frequently  lost 
sight  of  that  directly  a  fire  is  lighted 
within  them  they  begin  to  move,  the 
flat  ends  to  breathe  outwards,  the  furn- 
ace tubes  as  well  as  the  shell  to  hog 
upwards,  and  the  whole  structure  to 
elongate.  If  sufficient  allowance  is  not 
made  for  these  movements,  straining  and 
sometimes  rupture  occurs,  while  the  ten- 
dency to  this  is  frequently  aggravated 
by  putting  in  an  extra  thickness  of  metal 
with  a  view  of  adding  strength,  the  ad- 
ditional thickness  increasing  the  unequal 
expansion  of  the  parts.  For  some  years 
the  writer  has  had  opportunities  of  ob- 
serving a  large  number  of  boilers  of  the 
Lancashire  as  well  as  other  types,  in 
work  under  the  inspection  of  the  Man- 
chester Steam  Users'  Association  ;  and 
from  these  observations  he  has  endeavor- 
ed to. mature  as  complete  a  boiler  in  con- 
struction, equipment,  and  setting,  as 
possible.  In  doing  this  the  following 
points  have  been  kept  in  view  : — to  make 
the  boiler  safe  for  a  working  pressure  of 
from  75  to  100  lb.  per  sq.  in.;  to  make 
the  structure  elastic,  so  that  it  may  not 
be  rent  by  the  movement  of  the  parts 
consequent  on  alternate  expansion  and 
contraction,  but  may  be  able  to  endure 
the  work  of  years  ;  and  to  set  the  boiler 
and  arrange  the  fittings  so  that  the 
whole  shall  be  above  board  and  accessi- 
ble to  inspection.  The  writer  does  not 
agree  with  the  view  too  generally  held, 
but  most  obstructive  to  improvement, 
namely,  that  anything  will  do  for  a 
boiler,  and  that  it  is  only  a  boiler  after 
all.  He  thinks  that  a  boiler  should  re- 
ceive as  much  attention  as  an  engine  ; 
that  it  should  be  made  with  as  much  ac- 
curacy and  attended  with  as  much  care  ; 
that  the  fireman  should  not  be  condemn- 
ed to  work  in  a  dark,  dirty  hole,  called  a 
stoke-hole,  and  the  boiler  assumed  to  be 


necessarily  black  and  grimy  ;  but  that 
the  boiler  should  be  placed  in  a  suitable 
house  kept  bright  and  cheery,  and  the 
fittings  as  well  as  the  whole  structure 
kept  clean  and  in  first-rate  working 
order  ;  also  that  the  fireman  should  be 
stimulated  to  become  as  proficient  in  the 
art  of  using  his  shovel  and  managing 
the  fire  as  a  fitter  in  using  his  file  and 
erecting  an  engine.  If  this  practice, 
happily  adopted  by  some,  were  to  be- 
come general,  and  first-class  boilers  were 
laid  down  instead  of  low-priced  ones,  the 
scientific  boiler-maker  would  have  fairer 
scope,  the  steam  user  would  derive 
economy,  and  the  public  would  be  bene- 
fitted by  the  prevention  of  explosions  as 
well  as  by  the  abatement  of  the  smoke 
nuisance. 

The  Lancashire  boiler  has  many  varia- 
tions, besides  the  simple  form  already 
described.  There  is  the  Galloway  boiler, 
in  which  the  furnaces  instead  of  running 
through  from  one  end  to  the  other  unite 
in  an  oval  flue  strengthened  with  conical 
water  pipes.  There  is  the  Multitubular, 
in  which  the  furnace-tubes  unite  in  a 
combustion  chamber,  from  which  a  num- 
ber of  small  flue  tubes  about  three  inches 
diameter  and  six  feet  long  run  to  the 
back  of  the  boiler.  There  is  Hill's  Mul- 
tiflued  boiler,  in  which  seven  flues  about 
eleven  inches  diameter  and  eight  to  ten 
feet  long  take,  the  place  of  the  small 
flue  tubes  in  the  multitubular  boiler. 
There  are  also  others  in  which  the  fur- 
nace tubes  branch  off  to  the  sides  or  the 
bottom  of  the  shell,  instead  of  running 
right  through  to  the  back  end.  To  all 
these  variations  of  the  Lancashire  boiler, 
and  also  to  the  Cornish,  this  paper  ap- 
plies as  regards  the  construction  of  the 
shell  and  furnace-tubes,  as  well  as  in  re- 
gard to  the  equipment  and  setting  of  the 
whole. 

To  assist  in  the  construction  of  Lan- 
cashire boilers  for  high  pressures,  the 
Manchester  Steam  Users'  Association 
authorized  the  making  of  a  boiler  ex- 
pressly for  undergoing  a  series  of  hydrau- 
lic bursting  tests  ;  and  the  manufacture 
of  the  boiler  was  entrusted  to  Mr.  Beeley, 
of  Hyde  Junction,  who  has  heartily 
seconded  the  views  of  the  Association 
and  rendered  valuable  assistance  in  the 
prosecution  of  the  trials.  This  experi- 
mental boiler  is  seven  feet  diameter, 
which  is  the  usual  size  for  mill  service. 
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It  is  adapted  for  a  working  pressure  of 
seventy-five  pounds  per  square  inch,  and 
its  construction  is  as  subsequently  de- 
scribed. A  number  of  experimental 
bursting  tests  have  already  been  made, 
careful  observations  being  taken  of  the 
behavior  of  the  boiler  while  under  press- 
ure. These  tests  have  already  furnished 
valuable  information,  and  when  complet- 
ed will  be  fully  reported.  Some  of  the 
results  are  given  in  this  paper.  In  order 
to  preserve  the  precise  form  and  charac- 
ter of  the  rents  produced,  the  solid 
plating  around  them  has  been  cut  out  of 
the  boiler  intact  ;  four  of  these  speci- 
mens are  exhibited,  at  the  meeting.  An 
actual  end  plate  of  a  boiler  1  feet  diame- 
ter, equipped  with  the  usual  fittings,  is 
also  exhibited.  This  boiler  front  has 
been  made  by  Mr.  Clayton,  of  Preston, 
who  was  one  of  the  earliest  to  assist 
the  writer  in  getting  up  a  first-  slass 
boiler  equipment  for  the  Manchester 
Steam  Users'  Association. 

CONSTRUCTION. 

Dimensions. — Short  boilers  are  found 
to  do  more  work  in  proportion  than 
long  ones  ;  this  has  been  confirmed  by 
experiments  on  the  rapidity  of  evapora- 
tion by  Mr.  Charles  Wye  Williams  and 
others.  Also  short  boilers  strain  less 
than  long  ones,  and  are  therefore  less 
liable  to  need  repair.  A  length  of  thirty 
feet  should  be  the  maximum,  while  with 
regard  to  the  minimum  some  Lancashire 
boilers  to  suit  particular  positions  have 
been  made  as  short  as  twenty-one  feet 
and  found  to  work  well,  though  the  fit- 
tings become  rather  crowded.  The  length 
recommended  and  now  generally  adopt- 
ed is  twenty-seven  feet. 

The  diameter  of  the  boiler  is  governed 
by  the  size  of  the  furnaces,  which  should 
not  be  less  than  two  feet  nine  inches  to 
admit  of  a  suitable  thickness  of  fire  and 
afford  convenience  in  stoking.  Thick 
fires  are  more  economical  than  thin  ones. 
The  space  betweeen  the  two  furnace- 
tubes  should  not  be  less  than  five  inches, 
and  that  between  the  furnace  tubes  and 
the  side  of  the  shell  four  inches,  in  order 
to  afford  convenient  space  for  cleaning 
and  for  the  free  circulation  of  the  water, 
as  well  as  to  give  sufficient  width  of  end 
plate  for  enabling  it  to  yield  to  the  ex- 
pansion and  contraction  of  the  furnace- 
tubes.     With  this  width  of  water  space 


it  will  be  found  that  furnace-tubes  hav- 
ing a  diameter  of  two  feet  nine  inches 
require  a  shell  of  seven  feet,  which  will 
afford  a  headway  of  about  two  feet  nine 
inches  from  the  crown  of  the  furnaces  to 
the  crown  of  the  shell.  A  furnace  three 
feet  diameter  gives  room  for  a  better  fire 
than  one  two  feet  nine  inches,  but  it  re- 
quires a  shell  seven  feet  six  inches  diame- 
ter. For  high  pressures,  the  smaller  di- 
ameter of  seven  feet  is  generally  prefer- 
red, and  has  come  to  be  adopted  as  a. 
standard  size  for  mill  boilers  throughout 
Lancashire,  though  one  of  seven  feet  six 
inches  makes  a  good  boiler.  The  diame- 
ters both  of  the  shell  and  of  the  furnace- 
tubes  are  measured  internally,  that  of 
the  shell  being  taken  at  the  inner  ring 
of  plating. 

Ends. — The  ends,  more  especially  the 
front,  are  the  seat  of  the  grooving  action 
which  occurs  in  Lancashire  boilers  when 
disproportioned.  These  grooves  occur 
inside  the  boiler  and  around  the  furnace 
mouth.  They  are  the  product  of  me- 
chanical and  chemical  action  combined. 
The  plate  is  fretted  by  being  worked 
backwards  and  forwards  by  the  move- 
ment of  the  furnace-tubes  consequent  on 
the  action  of  the  fire,  and  when  in  that 
condition  is  attacked  by  the  acidity  of 
the  water.  To  prevent  this  grooving, 
the  ends  should  be  rendered  elastic  so 
as  to  endure  the  buckling  action  without 
fatigue.  To  secure  this  elasticity  there 
should  be  not  only  a  sufficient  width  of 
end  plate  between  the  two  furnace-tubes 
as  well  as  between  them  and  the  shell, 
as  already  explained,  but  also  a  space  of 
nine  inches  between  the  center  of  the 
bottom  rivet  in  the  gussets  and  those  at 
the  furnace  mouth.  Also  five  gusset 
stays  are  found  to  work  in  better  than 
any  other  number.  With  five  gussets, 
one  falls  on  the  center  line,  which  is  not 
only  the  weakest  part  of  the  front  end 
plate  and  thus  where  it  requires  the  most 
support,  but  also  where  it  can  be  held 
fast  without  resisting  the  movements  of 
the  furnace-tubes.  The  part  of  the  end- 
plate  that  should  be  left  free  is  that  im- 
mediately over  the  furnace  crowns. 
With  four  gussets,  the  end  plate  is  more 
unguarded  at  the  center,  which  is  the 
weakest  part,  and  more  bound  immedi- 
ately over  the  furnace-tubes,  which  is 
the  line  of  motion. 

The   thickness   of  the  end   plates   is 
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sometimes  as  much  as  three-quarter  inch 
.for  pressures  of  sixty  pounds  per  square 
inch.  This  thickness  however  is  quite 
unnecessary,  and  only  tends  by  its  ri- 
gidity to  eramp  the  furnace-tubes  and 
strain  the  parts.  Half  an  inch  has  been 
repeatedly  and  successfully  adopted  in 
boilers  for  pressures  of  -  seventy-five 
pounds  per  square  inch,  and  nine-six- 
teenths inch  when  that  pressure  has 
been  exceeded.  These  thicknesses  have 
proved  amply  sufficient. 

In  applying  the  hydraulic  test  to  boil- 
ers of  the  construction  and  proportions 
now  described,  before  leaving  the 
maker's  yard,  it  is  the  practice  to  carry 
the  pressure  up  to  about  150  lb.  per  sq. 
in.,  and  to  strain  fine  cords  across  the 
flat  ends  to  act  as  straight  edges  from 
which  to  gauge  the  ends  at  twelve  points, 
measurements  being  taken  before  the 
test,  during  the  test,  and  after  the  test. 
It  is  found  as  a  rule  that  the  plate  under 
pressure  bulges  outwards  at  the  center 
from  one-sixteenth  to  one-eighth  inch,  and 
on  the  removal  of  the  pressure  returns 
to  its  original  position  without  suffering 
any  permanent  set.  In  the  experimental 
hydraulic  bursting  tests,  the  ends,  though 
only  one-half  inch  thick,  have  stood  a 
pressure  of  275  lb.  per  sq.  inch  without 
leakage  or  any  appearance  of  distress  ; 
but  on  the  pressure  being  raised  to  300 
lb.  the  front  end  plate  displayed  signs  of 
weakness  in  the  vicinity  of  the  mudhole 
beneath  the  furnace-tubes.  With  this 
exception,  the  greatest  bulging  was  one- 
eighth  inch  at  the  front,  and  three  six- 
teenth inch  at  the  back,  while  the  greatest 
permanent  set  was  only  one-sixteenth 
inch. 

Longitudinal  stays  are  frequently  in- 
troduced to  assist  the  end  plates.  In 
the  experimental  test  the  longitudinal 
stays  were  taken  out,  so  that  it  is  clear 
they  are  not  absolutely  necessary  where 
the  gussets  are  substantial.  Should  it 
however  be  thought  desirable  to  adopt 
them,  either  as  an  assistance  to  the 
gussets  when  too  weak,  or  as  an  extra 
precaution,  they  will  be  found  easy  of 
introduction.  It  will  be  observed  that 
they  are  secured  at  each  end  with  double 
nuts,  one  inside  the  boiler  and  one  out- 
side, and  are  placed  as  much  as  fourteen 
inches  above  the  level  of  the  furnace 
crowns,  and  as  close  together  as  con- 
venience will  allow.     When  placed   di- 


rectly over  the  furnace-crowns,  and  only 
a  few  inches  above  them,  they  confine 
the  furnace-tubes  too  strictly,  and  strain- 
ing ensues.  A  single  stay  on  the  verti- 
cal center  line  of  the  front  end  plate  is 
correct  in  principle,  but  two  are  more 
convenient  in  application. 

To  increase  the  elasticity  of  the  front 
end  plate,  it  is  attached  to  the  shell  by 
an  external  angle-iron  rather  than  by  an 
internal  one  or  by  flanging.  It  is  not 
necessary  to  attach  the  end  plate  at  the 
back  of  the  boiler  with  an  external  angle- 
iron,  aud  when  this  has  been  done  the 
angle-iron  has  been  found  to  be  injured 
by  the  action  of  the  flame.  Both  of  the 
end  plates,  instead  of  being  made  in  two 
pieces  riveted  together  at  the  joint,  are 
welded,  so  as  to  afford  a  flat  surface, 
which  is  more  convenient  for  the  attach- 
ment of  the  mountings.  Also  both  of 
them  are  turned  in  the  lathe  at  the  outer 
edge,  so  as  to  be  rendered  perfectly  cir- 
cular, and  are  bored  out  at  the  openings 
for  the  furnace-tubes. 

Furnace  -  Tubes.  —  The  longitudinal 
joints  in  the  furnace-tubes  are  welded 
when  the  plates  are  of  iron,  and  double 
riveted  when  of  steel,  each  belt  of  plat- 
ing being  made  in  one  length  and  thus 
having  but  one  longitudinal  joint.  All 
the  transverse  seams  of  rivets  are 
strengthened  with  Adamson's  flanged 
joint,  or  with  an  encircling  hoop  either 
of  Bowling  iron,  T  iron,  or  other  ap- 
proved section.  One  of  the  evils  that 
has  attended  internally-fired  boilers  has 
been  the  frequent  collapse  of  the  fur- 
nace-tubes ;  but  this  danger  is  com- 
pletely avoided  by  strengthening  the 
tubes  as  just  described,  whereby,  instead 
of  being  weaker  than  the  shell  as  before, 
they  are  rendered  stronger.  This  has 
been  shown  by  the  experimental  bursting 
tests,  in  which,  while  the  shell  has  been 
burst  repeatedly,  the  furnace-tubes  have 
not  suffered  at  all,  nor  shown  any  move- 
ment on  being  gauged.  In  some  cases 
Petrie's  pockets,  and  in  others  Gallo- 
way's conical  water  pipes,  are  introduced 
as  a  precaution  against  collapse  ;  while 
in  others  again  the  water  pipes  are  made 
parallel,  and  either  riveted  or  welded  in 
place,  so  as  to  form  one  piece  with  the 
flue  tube.  In  all  cases  however  the 
transverse  seams  of  rivets  over  the  fire 
should  be  strengthened  with  flanged 
seams   or  encircling    hoops  ;  and  it   is 
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considered  desirable  to  continue  this 
mode  of  construction  throughout  the  en- 
tire length  of  the  boiler,  whether  water 
pockets  or  water  pipes  are  introduced  or 
not.  The  thickness  of  the  plates  in  the 
furnace-tubes  is  sometimes  as  much  as 
one-half  inch.  This  leads  to  violent 
straining  and  frequent  leakage  at  the 
furnace  mouths  and  other  transverse 
seams  of  rivets.  Many  furnace-tubes 
though  only  five-sixteenth  inch  thick  have 
stood  a  hydraulic  test  of  120  lb.  per  sq. 
in.  without  movement,  and  have  worked 
satisfactorily  for  years  at  a  steam  pressure 
of  sixty  pounds.  It  is  advisable  however 
to  have  them  a  little  thicker  than  this, 
in  order  to  afford  a  margin  for  waste 
through  corrosion,  and  also,  when  the 
flanged  seam  is  adopted,  in  order  to  al- 
low for  the  thinning  that  occurs  in  draw- 
ing the  metal  to  make  the  flange.  A 
thickness  of  three  eighth  inch  is  sufficient 
for  a  working  pressure  of  seventy-five 
pounds  per  square  inch,  thirteen-thirty- 
seconds  inch  for  a  pressure  of  eighty 
or  ninety  pounds,  and  seven-sixteenth 
inch  for  100  lbs.  per  sq.  in. 

Stays  are  sometimes  introduced  for 
tying  furnace-tubes  to  the  outer  shells  in 
order  to  support  them.  Such  stays  how- 
ever in  the  Lancashire  boiler  are  un- 
necessary, and  when  rigid  are  decidedly 
objectionable.  Furnace-tubes  should  be 
left  free  to  move.  As  soon  as  a  fire  is 
lighted  within  them  the  top  of  the  tube 
becomes  hotter  than  the  bottom  and 
elongates.  This  makes  the  tube  arch 
upwards.  In  conducting  a  series  of 
trials  in  1867  and  1868  for  the  South 
Lancashire  and  Cheshire  Coal  Associa- 
tion on  the  evaporative  efficiency  of 
their  coals,  and  also  on  the  comparative 
merits  of  different  boilers,  the  writer  had 
three-gauge  rods  attached  to  the  crown 
of  the  furnace-tubes  of  two  Lancashire 
boilers,  and  carried  up  vertically  through 
the  external  shell  by  means  of  brass 
stuffing  boxes,  so  that  a  ready  oppor- 
tunity was  afforded  of  witnessing  the 
rise  and  fall  of  the  furnace-tubes  ;  while 
as  the  gauge  rods  divided  the  tubes  into 
equal  lengths,  a  comparison  could  be 
drawn  as  to  the  movements  of  the  differ- 
ent parts.  Constant  observation  showed 
that  the  distortion  of  the  tubes  varied 
very  much  at  different  times,  being  most 
severe  shortly  after  lighting  the  fires, 
while  the  colder  the  water  to  start  with, 


the  greater  was  the  rise  of  the  crown. 
As  soon  as  the  water  became  generally 
heated  the  gauge-rods  retired  to  their 
old  position,  and  the  distortion  of  the 
furnace-tubes  seldom  lasted  more  than 
an  hour.  The  boilers  were  twenty-eight 
feet  long,  the  furnace-tubes  of  steel  five- 
sixteenth  inch  thick  in  one  case,  and  of 
iron  three-eighth  inch  in  the  other. 
Care  was  taken  not  to  strain  the  boiler 
by  severe  firing,  steam  being  got  up  with 
the  dampers  only  partially  open.  Yet 
the  furnace-tubes  rose  three-eighth  inch 
when  the  flames  passed  around  the  boiler 
in  the  external  brickwork  flues  in  the 
ordinary  way,  and  one-half  inch  when 
they  passed  off  direct  to  the  chimney 
without  heating  the  outer  shell.  The 
curve  that  the  flue  appears  to  assume  is 
not  a  segment  of  a  circle.  The  gauge- 
rod  at  a  quarter  of  the  length  of  the 
boiler  from  the  front  showed  in  one  case 
as  high  a  rise  as  the  rod  placed  midway 
in  the  length  of  the  boiler,  and  in  an- 
other case  one-sixteenth  inch  more.  This 
is  just  what  might  be  expected  from  the 
local  action  of  the  fire,  and  accounts  for 
the  grooving  action  being  far  more 
severe  at  the  front  end  of  a  boiler  than 
at  the  back,  and  shows  the  importance 
of  affording  greater  elasticity  at  that 
part.  Furnace-tubes  lashed  to  the  shell 
often  tear  themselves  away  from  it  in 
ordinary  work,  and  the  fractured  stay 
rubbing  against  the  shell  leaves  a  witness 
of  its  movements,  the  amount  of  which 
frequently  exceeds  that  just  mentioned. 

In  one  case  a  furnace-tube  that  had  a 
stay  tying  it  to  the  top  of  the  shell  was 
found  to  have  crumpled  up  the  stay  and 
broken  it  by  an  upward  thrust,  showing 
how  little  need  there  had  been  for  trying 
to  keep  the  furnace-tube  from  drooping. 

Shell. — The  shell,  which  is  seven-six- 
teenth inch  thick  for  a  pressure  of  seventy- 
five  pounds  per  square  inch,  and  nine-six- 
teenth inch  thick  for  a  pressure  of  100  lbs., 
is  composed  of  plates  about  three  feet 
wide,  which  are  laid  in  not  more  than 
three  lengths  round  the  circumference, 
in  order  that  the  longitudinal  seams  may 
clear  the  brickwork  seatings.  The  longi- 
tudinal seams  are  so  arranged  as  to  break 
joint  and  avoid  the  center  line  along  the 
top  and  bottom  of  the  boiler.  In  all 
the  longitudinal  rents  obtained  under 
the  experimental  hydraulic  tests,  the 
plates  bulged  outwards  at  the  middle  of 
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their  width,  and  this  action  was  observed 
to  a  slight  extent  before  rupture,  show- 
ing that  the  greatest  strain  and  thus 
the  point  of  first  fracture  occurred  at  or 
near  the  center  line  of  each  plate.  This 
would  seem  to  show  that  breaking  joint 
is  of  practical  advantage,  and  that  a 
boiler  composed  of  wide  plates  is  not  so 
strong  as  one  composed  of  narrow  ones. 

There  is  no  steam  dome.  Steam 
domes  are  expensive,  weaken  the  shell, 
and  often  give  trouble  from  leakage  at 
the  base.  Added  to  this  they  are  incon- 
venient in  carriage,  as  well  as  in  revolv- 
ing a  boiler  on  its  seat,  as  it  is  sometimes 
desirable  to  do  for  repairs  ;  they  are  al- 
so inconvenient  in  covering  the  boiler 
over,  and  in  the  great  majority  of  cases, 
if  not  in  every  instance,  they  are  perfect- 
ly useless.  To  prevent  priming,  an  in- 
ternal perforated  pipe  is  adopted  in 
place  of  the  dome.  Under  hydraulic 
pressure  with  a  steam  dome  three  feet 
diameter,  seven-sixteen  inch  thick,  and 
the  whole  of  the  shell  plate  at  its  base 
cut  away  so  as  to  form  an  opening  as 
large  as  itself,  the  flange  at  the  base  of 
the  dome  ripped  at  a  pressure  of  150  bl. 
per  sq.  in.  At  a  second  trial  with  a 
dome  of  the  same  diameter,  and  a  por- 
tion only  of  the  shell  plate  cut  away,  the 
dome  strained  so  much  round  its  base 
and  caused  such  violent  leakage  that  a 
pressure  of  more  than  235  lb.  could  not 
be  obtained.  At  a  third  trial,  the  steam 
dome  having  been  removed  and  refixed 
with  stouter  rivet  heads,  so  as  to  resist 
the  upward  strain  that  was  induced,  the 
flange  at  the  bottom  of  the  dome  ripped 
on  the  center  line  of  the  boiler  at  a  pres- 
sure of  260  lbs.  per  sq.  in.  In  this  in- 
stance the  workmanship  was  all  good 
and  sound,  but  in  some  cases  where 
domes  are  attached  with  inferior  reedy 
angle-irons  the  weakening  effect  of  the 
domes  must  be  much  greater.  Steam 
domes  clearly  establish  a  weak  point  in 
a  shell,  and  are  better  avoided. 

The  manhole  is  guarded  with  a  sub- 
stantial raised  mouthpiece  of  wrought 
iron,  welded  into  one  piece,  flanged  at 
the  bottom  and  attached  to  the  boiler 
with  a  double  row  of  rivets,  the  thick- 
ness of  the  upper  flange  being  seven- 
eighth  inch,  and  of  the  body  three-quarter 
inch.  This  has  been  found  to  stand  a 
test  of  300  lbs.  per  sq.  in.  without  the 
slightest    indication    of     straining.      A 


raised  wrought-iron  manhole  mouth- 
piece is  exhibited.  It  is  too  frequently 
the  practice  not  to  strengthen  manholes 
with  any  mouthpiece  at  all.  Many  ex- 
plosions have  arisen  from  this  cause, 
rents  starting  in  the  first  place  from  the 
unguarded  manhole,  and  then  extending 
all  over  the  boiler.  The  loss  of  strength 
is  owing  not  simply  to  the  amount  of 
metal  cut  away  by  the  opening,  but  also 
to  the  action  of  the  cover,  which  in  un- 
guarded manholes  is  internal.  This  in- 
ternal cover  bears  on  a  narrow  edge  of 
plating  all  round,  and  is  driven  outward 
by  the  pressure  of  the  steam,  and  also 
pulled  in  the  same  direction  by  the  bolts 
in  tightening  the  joint.  In  fact  the 
cover  acts  as  a  sort  of  mandrel,  which 
being  forcibly  driven  through  the  man- 
hole splits  the  boiler  open.  A  heavy 
hydraulic  test  shows  this  action  of  the 
cover,  'by  curling  the  boiler  plate  up 
around  the  manhole.  Added  to  this, 
the  joint  is  apt  to  leak,  and  thus  to  in- 
duce corrosion  and  thin  the  plate,  which 
not  only  reduces  its  strength  but  leads 
to  extra  force  being  applied  to  tighten 
the  joint  ;  several  explosions  have  oc- 
curred shortly  after  the  joint  has  been 
re-made.  It  has  been  the  general  prac- 
tice till  recently  to  make  the  raised 
mouthpieces  of  cast  iron.  This  however 
is  not  wise  for  the  high  pressures  now  in 
use.  A  raised  manhole  mouthpiece  hav- 
ing a  clear  opening  of  sixteen  inches  di- 
ameter, which  is  the  usual  size,  involves 
a  hole  in  the  shell  plate  at  its  base  of 
about  twenty  inches  diameter.  The  plate 
in  which  this  hole  is  cut,  unless  it  be 
duly  strengthened,  becomes  the  weakest 
part  of  the  boiler  when  the  longitudinal 
seams  are  double-riveted,  the  furnace- 
tubes  suitably  strengthened  with  en- 
circling rings,  and  the  ends  well  stayed  ; 
so  that  the  stability  of  the  entire  struct- 
ure depends  on  the  mouthpiece:  if  that 
fails,  the  whole  structure  fails.  Under 
these  circumstances  it  is  evidently  un- 
wise to  risk  the  safety  of  the  boiler  on  a 
piece  of  cast  iron.  This  view  is  confirm- 
ed by  the  behavior  of  cast  iron  manhole 
mouthpieces  under  hydraulic  pressure. 
Several  have  failed  under  the  ordinary 
test  at  the  boiler-maker's  yard,  while  at 
one  of  the  experimental  bursting  tests  a 
cast-iron  manhole  mouthpiece  of  sub- 
stantial pattern,  measuring  one  inch  and 
seven-eighths  thick  in  the  lower  flange  and 
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one  inch  in  the  body,  rent  at  a  pressure 
of  200  lbs.  per  sq.  in.,  though  the  metal 
exhibited  a  good  sound  fracture.  This 
specimen  is  exhibited  to  the  meeting.  It 
would  appear  that  under  pressure  there 
is  a  considerable  upward  strain  on  the 
plates  around  the  mouthpiece;  and  that 
while  wrought-iron  mouthpieces  are  able 
to  accommodate  themselves  to  this  with- 
out distress,  cast-iron  ones  are  not. 
These  tests  have  shown  that  wrought- 
iron  manhole  mouthpieces  are  much 
superior  to  cast  iron,  and  that  the  sooner 
cast-iron  ones  are  generally  superseded 
by  wrought-iron  the  better. 

The  mudhole  at  the  front  of  the  boiler, 
beneath  the  furnace-tubes,  is  also  fitted 
with  a  substantial  mouthpiece.  This  in 
some  cases  is  external,  like  the  manhole 
mouthpiece,  and  in  others  internal.  The 
internal  ones  have  the  advantage  of 
being  less  in  the  way.  In  eitner  case 
the  surfaces  at  the  joint  between  the 
body  of  the  mouthpiece  and  the  cover 
are  faced  true,  so  that  the  parts  may  be 
brought  together  metal  to  metal. 

The  safety-valves  and  steam  stop- 
valve  are  sometimes  grouped  upon  the 
manhole  mouth-piece,  instead  of  being 
fixed  direct  to  the  shell  ;  this  is  done  in 
order  to  reduce  the  number  of  openings, 
on  the  principle  that  the  fewer  holes 
made  in  a  boiler  the  better.  This  argu- 
ment is  plausible  but  fallacious.  The 
manhole  makes  the  largest  opening,  and 
therefore  exerts  the  greatest  weakening 
effect.  The  weakest  link  in  a  chain  is  the 
measure  of  the  strength  of  the  whole  ; 
so  that  fixing  the  steam  stop-valve  and 
safety-valves  directly  to  a  boiler  with 
suitable  fitting  blocks  does  not  weaken 
it.  Moreover,  for  convenience  in  attach- 
ing the  fittings,  these  group  manhole 
mouthpieces  are  made  of  cast-iron, 
which  as  already  explained  is  objectiona- 
ble. It  is  therefore  recommended  that 
manhole  mouthpieces  should  not  be 
complicated  by  the  addition  of  the 
safety-valves  or  other  fittings,  but  that 
each  should  be  fixed  direct  to  the  shell 
independently  of  the  others. 

Blocks  for  the  attachment  of  Fittings. — 
Is- old  fashioned  practice  the  fittings 
were  "bolted  directly  to  the  cylindrical 
portion  of  the  shell.  This  led  to  the 
wasting  of  the  shell  through  leakage  at 
the  joint§4_so  that  it  has  long  since  been 
the  practice^tQ  rivet  short  stand-pipes 


to  the  cylindrical  portion  of  the  shell 
and  bolt  the  fittings  thereto,  the  joint 
surface  between  the  flanges  being  planed 
up  true.  These  stand-pipes,  frequently 
termed  "fitting  blocks,"  are  not  only 
more  convenient  for  the  attachment  of 
the  fittings,  but  also,  being  riveted  to 
the  plate  and  made  of  substantial  section, 
strengthen  the  plate  round  the  hole  cut 
in  the  shell.  They  are  as  a  rule  made  of 
cast  iron,  but  it  becomes  a  question 
whether,  with  the  high  pressure  now  in 
use,  they  should  not  be  made  of  wrought 
iron.  At  one  of  the  experimental  burst- 
ing tests,  a  fitting  block  for  a  six-inch 
steam  valve  box  was  found  to  give  way 
before  any  other  part  of  the  boiler,  at  a 
pressure  of  275  lb;  persq.  in,,  though  the 
flange  was  one  five-eighth  inch  thick,  the 
body  seven-eighth  inch  and  the  metal 
sound. 

Seams  of  Bivets. — Those  running 
longitudinally  in  "the  cylindrical  shell  are 
all  double-riveted,  with  three-quarter 
inch  rivets  spaced  about  two  and  a  half 
inches  apart  longitudinally  and  two 
inches  diagonally.  The  remaining  seams 
throughout  the  boiler  are  single-riveted 
only,  the  rivets  being  spaced  two  inches 
apart.  To  double-rivet  the  transverse 
seams  adds  but  little,  if  any,  strength  to 
the  boiler,  though  it  increases  its  weight 
and  cost.  It  would  appear  that  the 
strain  upon  the  transverse  seams  of 
rivets  in  a  Lancashire  boiler  is  over-esti- 
mated. In  a  plain  cylindrical  boiler, 
without  furnace  tubes,  the  strain  on  the 
transverse  seams  of  rivets  is  precisely 
half  that  on  the  longitudinal  seams.  By 
the  introduction  of  the  furnace-tubes 
not  only  is  the  longitudinal  strength  in- 
creased, but  at  the  same  time  the  area 
of  the  ends  upon  which  the  steam  acts 
is  diminished,  and  thus  the  strain  is  di- 
minished also ;  so  that  in  the  Lanca- 
shire boiler  the  strain  on  the  transverse 
seams  of  rivets  is  less  than  half  that  on 
the  longitudinal  seams.  The  force  of 
this  reasoning  however  is  sometimes  dis- 
puted, and  tie  rods  are  introduced  to 
support  the  transverse  seams  of  rivets  in 
the  shell.  But  in  the  hydraulic  bursting 
tests,  with  the  tie  rods  removed,  the 
longitudinal  seams  of  rivets  were  found 
to  fail  in  every  care  before  the  trans- 
verse seams,  which  never  showed  the 
slightest  signs  of  distress  and  scarcely 
leaked  a  single  drop,  while  some  of  the 
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longitudinal  seams  under  severe  pressure 
shortly  before  rupture  leaked  profusely. 

The  riveting  is  done  by  machine  in 
preference  to  hand  in  the  cylindrical 
shell,  in  the  furnace-tubes,  and  as  far  as 
practicable  in  the  flat  ends.  In  the  ex- 
perimental bursting  tests,  the  machine 
work  in  every  case  proved  much  tighter 
than  the  hand  work.  The  rivet  holes  in 
the  angle  irons,  T  irons,  and  flanged 
seams  are  drilled,  those  in  the  plates 
being  punched  by  most  makers  ;  though 
by  some  the  holes  are  drilled  throughout, 
and  the  practice  of  drilling  is  strongly 
advocated  by  them.  In  investigating  an 
explosion  that  occurred  at  Blackburn,  in 
March,  1874,  the  mean  tensile  strength  in 
twelve  tests  of  a  solid  plate  was  found 
to  be  21.19  tons  per  square  inch,  arid 
in  four  tests  of  a  punched  plate  20.17 
tons,  showing  a  loss  by  punching  of  1.02 
tons  per  square  inch,  or  about  five  per 
cent.  The  question  of  drilling  versus 
punching,  and  also  of  the  pitch  and  di- 
ameter of  rivets,  is  one  that  deserves 
further  consideration  ;  and  it  may  be 
added  that  a  boiler  seven  feet  diameter, 
and  made  of  plates  seven-sixteenth  inch 
thick,  having  the  longitudinal  seams 
double-riveted  with  three-quarter  inch 
rivets,  spaced  three  inches  apart  longi- 
tudinally, instead  of  two  and  a  half 
inches  as  usual,  was  found  tight  at  a  hy- 
draulic pressure  of  120  lb.  per  sq.  inch. 
The  edges  of  the  plates  at  the  longi- 
tudinal seams  of  rivets  are  planed  and 
caulked  lightly,  inside  as  well  as  out  ; 
though  in  many  cases  caulking  is  super- 
seded by  fullering. 

Material. — As  a  rule,  boilers  made  un- 
der the  inspection  of  the  Manchester 
Steam  Users'  Association  are  of.  iron  in 
the  shell,  while  steel  plates  are  very  fre- 
quently introduced  in  the  furnace-tubes 
for  a  length  of  nine  feet  over  the  fire, 
and  sometimes  from  one  end  of  the 
boiler  to  the  other.  For  the  furnace- 
tubes  steel  plates  have  been  found  to 
give  great  satisfaction,  but  a  little  sus- 
picion has  been  entertained  with  regard 
to  their  use  for  shells,  seeing  that  the 
plates  are  then  in  extension,  and  that  a 
small  flaw  through  brittleness  might  ex- 
tend till  it  produced  serious  conse- 
quences. "  Best  best "  plates  from  first- 
class  makers  are  always  recommended, 
more  importance  being  attached  to  their 
ductility  than  to  their  tensile  strength. 


Brands  however  are  uncertain,  and  it  is 
thought  desirable  that  a  complete  system 
of  testing  should  be  adopted,  and  that, 
before  a  boiler  is  made,  one  plate  out 
of  the  set  proposed  to  be  used  should  be 
tested  as  a  check,  the  investigation 
having  special  reference  to  ductility. 
Low  Moor  rivets  are  recommended  and 
are  frequently  used. 

equipment. 

Fittings. — The  fittings  are  so  arranged 
that  all  those  requiring  frequent  access 
are  immediately  within  reach  of  the  at- 
tendant when  standing  in  front  of   the 
boiler.     The    feed  is  introduced  on  one 
side  of  the  front  end  plate,  about  four 
inches   above  the   level  of  the  furnace 
crowns,  an  internal  dispersing  pipe  being 
carried    along    inside   the   boiler    for  a 
length   of  about  twelve  feet,    and  per- 
forated  for   the   last   four   feet    of    its 
length.     On    the   opposite   side   of   the 
front  end  plate  is  fixed  the  scum  tap,  to 
which  is  connected  a  series  of  sediment- 
catching  troughs  fixed  inside  the  boiler. 
In  the  center  of  the  end  plate  are  two 
glass  water-gauges,  one  acting  as  a  check 
upon  the  other,  a  pointer  being  fixed  to 
show   the    correct  height  at  which  the 
water    should    be    kept.      Immediately 
above  the  water-gauges  is  a  dial  pressure- 
gauge,    and    above  that  a   dead-weight 
safety-valve.      Thus   whenever   the   at- 
tendant   opens    the    furnace    doors    to 
charge  the  fires,  he  has  the  height  of  the 
water  and  the  pressure  of  the  steam  di- 
rectly before   him.      Under  his   feet  is 
the  blow-out  tap,   and  behind  him  the 
coal  supply,  so  that  everything  is  ready 
to  hand.     He  has  not  to  climb  a  ladder 
in  order  to  reach  the  water-gauges  or  as- 
certain the  steam  pressure,  nor  to  mount 
on  the  top  of  the  boiler  in  order  to  regu- 
late the  feed  supply.    A  handle  for  regu- 
lating the  dampers  is  frequently  brought 
to  the  boiler  front.     On  the  top  of  the 
boiler  are  two  safety-valves,  one  a  dead- 
weight valve  of  external  pendulous  con- 
struction, the  other  a  low-water  valve. 
But  convenience  in  manipulation  is  not 
the  only  reason  for  this  arrangement  of 
fittings.     If  the  feed  be  cold  and  be  in- 
troduced near  the  bottom  of  the  boiler, 
it  is  apt  to  induce  local  contraction,  and 
thereby  strain  the  transverse    seams  of 
rivets  at  the  bottom  of  the  shell  ;  but 
when  introduced  near  the  surface  of  the 
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water  and  passed  through  an  internal 
perforated  pipe,  it  becomes  dispersed  be- 
fore falling  to  the  bottom.  Further, 
although  non-return  valves  may  be 
introduced,  they  will  sometimes  fail  and 
allow  the  water  to  escape,  whereby  the 
furnace  crowns  become  bare  and  over- 
heated. When  the  feed  inlet  is  placed 
above  the  level  of  the  furnace  crowns,  it 
will  be  seen  that  they  cannot  be  drained 
bare  by  leakage  at  the  non-return  valve  ; 
but  when  placed  at  the  bottom  of  the 
boiler,  the  boiler  may  0then  be  emptied 
by  such  an  occurrence. 

All  the  joint  surfaces  are  planed  up 
true,  and  the  parts  brought  together 
metal  to  metal.  The  edges  of  the  flanges 
are  turned,  as  well  as  the  bolts^  while 
the  heads  of  the  nuts  are  shaped,  and 
the  whole  got  up  like  a  piece  of  engine 
work,  as  shown  by  the  end  plate  and  fit- 
tings exhibited. 

Safety  Valves. — The  dead  weight 
valve,  which  is  of  the  Cowburn  type,  is 
extremely  simple  and  efficient.  The  cen- 
ter of  gravity  of  the  load  being  below 
the  seating  renders  unnecessary  either 
wing  or  fang  for  keeping  the  valve  in 
position,  and  it  has  therefore  no  friction- 
al  surface  to  get  tight  or  stick  fast. 
These  valves  are  loaded  with  flat  annular 
plates  or  rings,  and  the  shell  is  cast  with 
mouldings  around  it  at  the  bottom  which 
present  the  same  appearance,  the  whole 
being  so  adjusted  that  each  moulding  as 
well  as  each  annular  plate  represents  a 
pressure  of  five  pounds  per  square  inch, 
on  the  valve.  Large  numbers  of  these 
valves  are  in  use,  and  they  are  highly 
approved.  The  diameter  generally 
adopted  is  four  inches,  which  requires 
approximately  a  load  of  eight  cwt.  for  a 
blowing  off  pressure  of  seventy-five  lbs. 
and  eleven  cwt.  for  100  lbs.  per  sq.  inch. 
On  this  valve  the  addition  of  two  or 
three  bricks  produces  no  appreciable 
effect,  whereas  at  the  end  of  a  long  lever 
the  result  would  be  different.  To 
double  the  blowing-off  pressure  it  would 
be  necessary  to  add  about  eight  cwt.  to 
the  load  for  seventy-five  pounds,  and 
eleven  cwt.  for  100  lbs.  Such  an  addi- 
tion there  would  be  great  difficulty  in 
attaching  to  the  valve,  and  if  it  were 
done  it  would  be  so  conspicuous  as  at 
once  to  call  attention  to  the  fact.  The 
great  weight  required  to  load  this  valve 
is  considered  therefore  to  be  a  safeguard : 


and  several  explosions  due  to  over-load- 
ing have  been  met  with,  which  would 
have  been  prevented  by  its  use. 

The  low-water  safety-valve  shown  is  of 
the  Hopkinson  type;  but  there  are  also 
the  Kay  and  the  Lloyd  low-water  valves, 
which  though  varying  in  detail  are  simi- 
lar in  their  object.  Each  has  a  lever  in- 
side the  boiler,  to  which  is  attached  a 
float,  so  that  when  the  water  falls  below 
the  desired  level  the  float  falls  also,  and 
thus  raises  the  valve  and  allows  the 
steam  to  blow  off,  thereby  not  only 
giving  an  alarm  but  also  lowering  the 
pressure.  Hopkinson's  valve  is  a  com- 
pound one,  having  one  valve  seated  on 
another  ;  the  central  portion  is  loaded 
by  a  dead  weight  inside  the  boiler,  and 
operated  upon  by  the  lever  in  the  event 
of  low  water,  while  the  annular  portion 
is  loaded  by  an  external  lever  and 
weight,  and  lifts  along  with  the  central 
portion  in  the  event  of  high  steam  ; 
these  valves  therefore  blow  off  on  the 
occurrence  either  of  high  steam  or  of  low 
water.  The  outer  valve  is  five  inches  di- 
ameter, and  the  inner  one  two  and  a 
half  inches.  The  freedom  of  the  steam 
valve  can  be  tested  by  placing  the  hand 
on  the  lever  when  steam  is  up  ;  while 
the  freedom  of  the  low-water  apparatus 
can  be  tested  by  opening  the  blow-out 
tap  and  lowering  the  water-level  to  with- 
in about  six  inches  of  the  furnace  crowns. 
To  overload  this  valve  without  increas- 
ing the  weight  outside  would  necessitate 
getting  inside  the  boiler  and  wedging 
down  the  dead  weight.  Under  such 
circumstances  the  application  of  the 
hand  to  the  external  lever  when  steam 
was  up  would  at  once  show  that  some- 
thing was  wrong  ;  and  even  if  this  were 
not  detected  the  external  dead-weight 
valve  if  free  would  come  to  the  rescue, 
while  it  would  be  seen  at  at  a  glance 
whether  this  was  overloaded.  It  is 
sometimes  recommended  to  have  safety- 
valves  under  lock  and  key,  but  it  is  pre- 
ferred by  the  writer  to  have  them 
thoroughly  open,  so  that  their  publicity 
may  be  their  protection.  While  it  is 
fully  admitted  that  no  arrangements  of 
safety-valves  can  be  contrived  which 
cannot  be  tampered  with  by  skilled 
malice,  it  is  thought  that  the  combina- 
tion of  the  two  valves  just  described 
forms  a  very  safe  arrangement. 

Furnace     Mountings. — The    furnace 
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mouthpieces  are  of  wrought  iron,  finish- 
ed off  with  a  neat  brass  beading,  and  kept 
within  the  circle  of  the  rivets,  so  as  to 
leave  these  exposed  to  view.  The  fire- 
doors  are  fitted  with  a  sliding  ventilat- 
ing grid  on  the  outside  and  a  perforated 
box  bafiieplate  on  the  inside,  the  aggre- 
gate area  of  the  air  passages  being  about 
fifty  sq.  in.  for  each  door  or  about  three 
sq.  in.  per  sq.  ft.  of  firegrate.  The  fire- 
grate is  six  ft.  long,  with  the  bars  in 
three  equal  lengths,  about  three-quarter 
inch  thick,  and  spaced  three-eighth  inch 
apart  for  windage.  The  bearers  consist 
of  two  wrought-iron  bars  carried  on 
wrought-iron  brackets  riveted  to  the 
sides  of  the  furnace-tubes.  The  stand- 
ard length  of  grate  is  six  ft.,  but  a  short- 
er one  is  productive  of  economy,  though 
the  concentration  of  the  fire  is  more  try- 
ing to  the  boiler,  and  has  been  found, 
where  the  feed  water  has  not  been  good, 
to  injure  the  furnace  plates,  and  render  it 
necessary  to  lengthen  the  grate. 

SETTING. 

Brickwork  and  Flues. — The  boiler  is 
set  on  side  walls,  and  rests  on  firebrick 
seating  blocks  presenting  a  bearing  sur- 
face of  five  in.  wide.  The  side  flues  are 
six  in.  wide  at  the  top,  carried  up  to  the 
level  of  the  furnace  crowns  or  a  few  in- 
ches above,  and  down  to  the  level  of 
the  bottom  shell.  The  bottom  flue  has 
a  width  equal  to  the  radius  of  the  boiler, 
and  a  depth  of  about  two  ft.  These  di- 
mensions admit  of  ample  room  for  inspec- 
tion. By  keeping  the  width  of  the  bottom 
flue  equal  to  the  radius  of  the  boiler, 
the  angle  that  the  bearing  surface  of  the 
seating  block  makes  with  the  horizon 
is  thirty  degrees  for  any  diameter  of 
shell. 

The  flame  immediately  after  leaving 
the  furnace-tubes  passes  under  the  bot- 
tom of  the  boiler,  and  returns  to  the 
chimney  along  the  side  flues.  This  is 
not  the  course  approved  by  Mr.  Pole  in 
his  treatise  on  the  Cornish  Pumping  En- 
gine, published  in  "Tredgold  on  the 
Steam  Engine"  in  1844,  in  which  the 
setting  of  the  Cornish  boiler  is  spoken  of 
as  follows  : — "  The  heated  current  first 
impinges  on  the  top  of  the  tube,  over 
which  the  highest  and  therefore  the  hot- 
test portion  of  the  water  is  lying  ;  it 
then  passes  along  the  side  flues,  where 
it  finds  the  surfaces  cooler  than  before  ; 


and  last   of    all   it  traverses   under  the 
bottom  o'i  the  boiler,  where  the  coldest 

water    will   always    be By   this 

means  the  fire  current,  as  it  gradually 
cools,  is  likewise  gradually  brought  to 
to  act  upon  cooler  water,   and   thereby 
the  best  opportunity  is  afforded  for  the 
extraction  of  the  free  caloric  it  contains. 
The  descending   motion  of  the  fire  cur- 
rent, as  it  cools  in  the  flues  of  the  Corn- 
ish   boiler,    is    upon   statical   principles 
much  more  natural  and  more  calculated 
to  prevent  the  unnecessary  discharge  of 
heat  into  the  chimney  than  the  ascending 
principle  of  the  ordinary  boilers."     Al- 
lowing the  last  heat  however  to  travel 
under  the  bottom  of  the  shell  does  not 
promote  the  circulation  of  the  water,  or 
at  all  events  but  slowly  ;  so  that  in  get- 
ting up  steam  the  top  of  the  boiler  be- 
comes  hotter   than   the    bottom,    from 
which  straining  ensues.     If  in  addition 
to  this,  the   feed   water  when    cold   be 
pumped  in  at  or  near  the  bottom  of  the 
boiler,    the   straining   at  the  transverse 
seams  of  rivets  is  intensified.     Possibly 
the  Lancashire  boiler  is  more  subject  to 
straining  and  seam-rending  at  the  bottom 
of  the  shell  than  the  Cornish,  as  there  is 
a  greater  body  of  dead  water  lying  there 
in  the  Lancashire  boiler,  in  addition  to 
which  the  rate  of  combustion  per  square 
ft.  of  firegrate  is  much  more  rapid  in  the 
Lancashire  district   than  that  generally 
adopted  in  Cornwall.    In  consequence  of 
seam   rents  occurring  at  the   bottom  of 
Lancashire  boilers  when  the  last  heat  is 
carried  underneath,  the  plan  of  passing 
the  flame  under  the  bottom  immediately 
on  leaving  the  furnace-tubes,  and  also  of 
introducing  the  feed  water  near  the  sur- 
face, has  become  the   general  practice. 
The  question  of  economy  is  met  by  the 
use  of  feed-water  heaters,  consisting  of  a 
number   of   water   pipes    placed   in  the 
main   flue   between   the   boiler  and  the 
chimney,  and  kept  free  from  soot  by  an 
automatic  scraper.     A  good  feed  heater 
will  raise  the  temperature  of  the  water 
to  about  240°.     This  answers  two  good 
purposes  :  it  economises  the  waste  heat 
escaping   to   the   chimney  and  thus  re- 
duces the  coal  consumption,  while  at  the 
same   time    it    prevents    local    cooling, 
thereby  preventing  straining  and  saving 
repairs.    It  has  been  found  by  experiment 
that  passing  the  flames  from  the  furnace 
tubes  around  the  outer  shell,  instead  of 
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direct  to  the  chimney,  adds  but  little  to 
the  yield  of  steam,  though  it  promotes 
economy  of  fuel  :  at  the  same  time  it 
keeps  the  boiler  at  a  more  equable  tem- 
perature throughout. 

The  flooring  or  hearth  plates  at  the 
front  of  the  boiler  are  set  so  as  not  to 
butt  against  the  boiler,  which  is  too  often 
the  case,  but  so  as  to  be  entirely  below 
it,  thus  leaving  the  whole  of  the  front 
end  plate  open  to  view.  Where  there  is 
a  range  of  boilers,  these  flooring  plates 
extend  throughout  the  width  of  the 
boiler  house  and  being  finished  off  with 
a  fender-flange  where  abutting  against 
the  boundary  walls  of  the  building,  as 
well  as  against  the  face  of  the  brickwork 
setting,  they  present  a  very  neat  ap- 
pearance. These  plates  are  carried  on  a 
complete  system  of  framing,  and  are  ar- 
ranged for  easy  lifting.  The  hearth  pit 
beneath  them  is  open  from  one  side  of 
the  boiler  house  to  the  other,  and  in  this 
is  laid  the  main  feed-pipe,  as  well  as  the 
discharge  pipe  from  the  blow-out  and 
scum.  This  pit  is  about  three  feet  wide 
by  two  and  a-half  feet  deep,  so  as  to  af- 
ford room  for  access;  the  flue  doors  open 
into  it.  The  face  of  the  brickwork  at 
the  front  of  the  boilers  is  set  back  six 
inches,  so  as  to  leave  the  angle-iron  with 
its  circle  of  rivets  perfectly  open.  The 
front  cross  wall  beneath  the  boiler  is  re- 
cessed around  the  blow-out  elbow-pipe, 
so  that  it  may  be  free  to  move  should 
settlement  of  the  boiler  take  place. 

Boiler  Covering. — The  boiler  is  cover- 
ed with  an  arch  of  brickwork,  leaving  a 
space  of  about  two  inches  between  it 
and  the  plates ;  and  a  layer  of  cork 
shavings  or  a  coating  of  good  boiler 
composition  or  other  suitable  non-con- 
ducting substance  is  introduced  into  this 
space.  Openings  finished  off  with  bull- 
nosed  bricks  are  worked  round  the  fit- 
tings, so  as  to  leave  the  ring  of  rivets 
by  which  they  are  attached  to  the  shell 
exposed  to  view.  Sometimes  the  boiler 
is  covered  simply  with  a  layer  of  com- 
position, which  should  not  be  carried 
over  the  flanges  of  the  fittings,  as  is  too 
often  the  case,  but  should  be  stopped  off 
by  means  of  kerb  hoops  dropped  around 
the  flanges,  and  a  kerb  cast-iron  nosing 
to  guard  the  front  angle-room. 

Connections. — All  connections  to  boil- 
ers should  be  elastic,  so  as  to  allow  of 
their   movement.     If    the   main   steam- 


pipe  be  carried  across  the  boilers  and 
bolted  direct  to  the  steam  junction-valve, 
the  joints  are  strained  by  the  rising  and 
falling  of  the  boilers  as  they  are  set  to 
work  or  laid  off.  To  prevent  this,  a 
springing  length  should  be  introduced 
between  the  stop-valve  and  main  steam- 
pipe.  Where  the  main  steam-pipe  has  a 
considerable  length  to  travel  to  the  en- 
gine, it  should  not  be  taken  in  a  direct 
line,  but  should  either  be  carried  round 
the  boiler  house  or  be  led  in  a  horse-shoe 
shaped  course,  to  give  elasticity;  this  is 
better  than  introducing  an  expansion 
joint,  which  "is  not  reliable.  Sometimes 
expansion  diaphragms  are  adopted;  but 
these,  when  as  much  as  four  feet  diame- 
ter, have  been  known  to  lead  to  the  frac- 
tures they  were  intended  to  prevent;  the 
internal  pressure  causing  them  to  bulge 
outwards,  when  it  was  expected  that  they 
would  allow  the  pipes  to  expand  and 
thrust  them  inwards.  A  case  of  this 
sort  has  recently  come  under  the  writer's 
knowledge,  in  which  the  main  junction- 
valve  was  broken  off  by  the  thrust  occa- 
sioned by  the  bulging  of  the  expansion 
diaphragm.  It  is  equally  important  that 
the  feed  connection  should  be  elastic  ; 
and  from  the  want  of  elasticity,  feed- 
valve  boxes  have  been  known  to  fracture. 
For  this  purpose  a  copper  elbow  con- 
necting-pipe is  introduced  between  the 
main  feed-pipe  and  the  stand-pipe  ;  in 
some  cases  a  wrought-iron  horse-shoe 
shaped  pipe  has  been  adopted  instead, 
with  very  satisfactory  results. 

Connections  between  the  steam  stop- 
valve  and  main  steam-pipe  are  frequent- 
ly made  to  incline  upwards,  so  that  the 
water  may  drain  back  to  the  boilers. 
This  plan,  however,  is  objectionable;  for 
when  one  of  the  boilers  in  a  range  is  laid 
off,  the  connecting  length  becomes  filled 
with  water  from  condensation  of  the 
steam,  which,  cooling  by  radiation,  sets 
up  a  violent  conflict  with  the  steam, 
whereby  the  pipes  are  sometimes  frac- 
tured. The  action  may  be  illustrated  by 
the  commotion  which  occurs  within  a 
locomotive  tender  when  the  steam  from 
the  boiler  is  turned  into  it.  Further 
than  this,  on  opening  the  steam  stop- 
valve  of  a  boiler  that  has  been  laid  off, 
the  water  lying  on  the  top  of  the  valve 
is  apt  to  be  carried  forward  by  the  rush 
of  steam,  like  a  water  hammer,  and 
sometimes  to  burst  the  pipes.     To  pre- 
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vent  this,  the  steam-pipe  should  drain 
towards  the  engine,  and  not  towards  the 
boiler,  its  course  being  intercepted  by  a 
separator  fixed  as  near  the  engine  as  con- 
venient. The  principle  on  which  these 
separators  act  is  that  of  making  the 
steam  take  a  sharp  turn,  so  as  to  shoot 
off  the  water  mixed  with  it  into  a  catch- 
chamber  prepared  for  the  purpose. 
Many  of  these  separators  are  now  at 
work;  the  principle  was  advocated  by 
Dr.  Haycraft,  of  Greenwich,  five-and- 
twenty  years  ago. 

Weight  and  Cost. — The  weight  of  such 
a  boiler  as  has  now  been  described  is 
about  twelve  tons  without  fittings;  with 
fittings,  fifteen  and  a-half  tons.  The 
cost  at  the  present  time,  delivered  on 
the  premises  of  the  purchaser  within  a 
few  miles  of  Manchester,  and  including 
the  attachment  of  the  fittings,  is  about 
£450.  The  plan  of  buying  a  boiler  at 
so  much  per  ton,  and  then  the  fittings  at 
so  much  extra,  is  quite  given  up  in  favor 
of  purchasing  the  whole  for  one  sum. 

ITeating  Surface. — Such  a  boiler  has 
a  heating  surface  in  the  external  shell 
of  3  70  square  feet;  in  the  furnace-tubes, 
without  water  pipes,  450  square  feet;  in 
the  water  pipes  30  square  feet  :  making 
a  total  of  850  square  feet.  The  firegrate 
has  an  area  of  thirty -three  square  feet'; 
this  gives  for  every  square  foot  of  fire- 
grate twenty-six  square  feet  of  heating- 
surface.  The  surface  in  feed-water  heat- 
ers varies;  sixty  pipes,  each  affording  a 
heating  surface  of  about  10  sq.  ft.,  are  now 
frequently  introduced  per  boiler,  making 
a  total  heating  surface  of  600  sq.  ft.,  or 
about  three-fourths  of  that  in  the  boiler. 

Working  Results. — Such  a  boiler  as 
that  described  will  burn,  without  distress 
to  the  boiler,  from  fifteen  to  twenty  tons 
of  coal  in  a  week  of  sixty  working  hours, 
or  from  seventeen  lbs.  to  twenty-three 
lbs.  per  square  foot  of  firegrate  per  hour. 
This  may  be  done  without  making- 
smoke;  all  that  is  needed  is  to  maintain 
a  good  thickness  of  fire,  throw  on  the 
coal  little  and  often,  admit  a  little  air 
above  the  bars  for  a  short  time  after  fir- 
ing, and  avoid  the  use  of  the  rake.  The 
coal  may  either  be  spread  over  the  whole 
surface  of  the  fire  or  thrown  at  alter- 
nate firings  first  to  one  side  of  the  fur- 
nace and  then  to  the  other,  on  the  "side 
firing"  system  introduced  by  Mr.  Charles 
Wye  Williams. 


A  Lancashire  boiler  experimented  on 
at  Wigan,  with  furnaces  two  feet  seven 
and  a-half    inches  diameter  and  a  fire- 
grate four  feet  long,  evaporated  83.54 
cubic   feet  of   water  j)er  hour,  from  a 
temperature   of    100°  Fahr.,  at  the  rate 
of    10.44  lbs.  of  water  per  lb.  of  coal, 
when  burning  twenty-four  lbs.  of  coal 
per  square  foot  of   firegrate   per  hour. 
With  a  firegrate  six  feet  long  it  evapo- 
rated per  hour  98.5S  cubic  feet  of  water 
at  the  rate  of  10.37  lbs.  of  water  per  lb.  of 
coal,  and  burnt  nineteen  lbs.  of  coal  per 
square  foot  of  firegrate  per  hour.    These 
results   were   obtained    at    atmospheric 
pressure,  with  the  help  of  a  water  heat- 
er, with  good  round  coal  and  without 
j  making  smoke.     The  boiler  described  in 
;  this    paper,    having    furnaces   two   feet 
i  nine  inches  diameter,  would  evaporate  a 
i  larger  quantity  of  water  per  hour.    Such 
i  a  boiler  is  found  in  practice  to  be  capa- 
ble, provided  the  steam  be  applied  to  a 
i  fairly  economical  engine,  of  developing 
:  200  Ind.  H.  P.  per  hour,  and  twenty  Ind. 
!  H.  P.  per  lineal  foot  of  boiler  frontage, 
|  side  flues  included.      A  Cornish   boiler 
;  under  similar   conditions  is  capable  of 
developing  sixteen  Ind.  H.  P.  per  foot 
I  of  boiler  frontage.     This  leads  to  a  ques- 
!  tion  of  the  utmost  importance,  namely 
|  the    one    which    the    late    Mr.    Robert 
i  Stephenson  defined  as  the  "  administra- 
|  tion  of  the  steam;"  and  fuller  informa- 
tion is  yet  needed  as  to  the  comparative 
advantage    of    working    steam   on    the 
compound   or  single-cylinder  principle  ; 
I  also  as  to  the  value  of  steam-jackets,  as 
|  well  as  with  regard  to  the  initial  and 
terminal   pressures   most   conducive    to 
|  economy.     These  inquiries,  though  full 
!  of  interest,   cannot   be  entered  upon  in 
:  the  present  paper;  but  one  of  the  essen- 
;  tials  to  economy  is  the  power  of  raising 
;  high-pressure  steam  steadily  and  safely, 
j  and  this  maybe  accomplished  by  the  use 
]  of  the  Lancashire  boiler. 


Accoedixg  to  Herapath  the  amount 
I  of  taxation  collected  by  the  French  Gov- 
:  eminent  from  French  railway  traffic  last 
:  year  was  £3,650,799.  The  correspond- 
ing collection  in  1874  was  £3,281,895. 
;  Rather  more  than  two  shillings  out  of 
;  every  pound  sterling  acquired  upon  the 
I  French  lines  is  handed  over  to  the 
i  French  Treasury  for  the  purposes  of  the 
j  Republic. 
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The  practical  experience  of  the  past 
ten  years  or  so  has  undoubtedly  added 
vastly  to  our  knowledge  of  the  manner 
in  which  steel  can  be  best  turned  to 
account  as  a  structural  material,  but  it 
is  equally  true  that  while  we  have  learn- 
ed that  the  presence  of  certain  materials 
in  steel  is  deleterious,  and  that  certain 
modes  of  treatment  produce  beneficial 
effects,  we  have  as  yet  learned  little  as 
to  the  reasons  for  these  results.  Take 
for  instance  the  practice  of  oil-tempering 
as  now  applied  at  Woolwich  to  the  steel 
tubes  used  for  lining  guns,  or  the  rapid 
cooling  in  water  as  they  come  from  the 
rolls  of  steel  plates  for  locomotive  fire- 
boxes, as  carried  out  at  Crewe  ancf  else- 
where ;  both  these  processes,  as  is  well 
known,  improve  the  quality  of  mild  steel, 
yet  so  far  no  theory  has  been  generally 
accepted  as  accounting  for  the  results 
obtained.  So  also  it  is  well  known  that 
steel  ingots,  when  forged  or  rolled,  have 
at  first  to  be  be  treated  very  carefully  ; 
but  that  after  having  been  lightly  dealt 
with  under  the  hammer  or  in  the  rolls, 
they  will  gradually  bear  more  and  more 
severe  treatment,  and  this  although  the 
finished  bar  is  practically  identical  in 
chemical  composition  with  the  original 
ingot.  This  alteration  of  the  character 
of  steel  under  the  action  of  forging  or 
rolling  -has  probably  attracted  less  atten- 
tion than  it  otherwise  would,  from  the 
fact  of  the  effect  produced  so  strongly 
resembling  that  which  occurs  in  the 
manufacture  of  wrought  iron.  Yet  if  we 
examine  the  two  cases  we  shall  see  that 
they  are  by  no  means  parallel.  A  pud- 
dled ball,  as  first  placed  under  the  ham- 
mer, is  a  mass  permeated  in  every  direc- 
tion by  slag  which  separates  the  parti- 
cles of  iron,  and  in  the  operation  of 
shingling  this  slag  is  more  or  less 
thoroughly  expressed  and  the  particles 
of  iron  welded  together.  In  the  case  of 
a  steel  ingot,  on  the  other  hand,  cavities 
and  cracks  may  exist,  it  is  true,  but  the 
interruption  of  continuity  of  the  metal 
caused  by  these  cavities  is  in  noway  com- 
parable to  that  due  to  the  presence  of 
the  slag  in  a  puddled  ball,  and  the  "  ten- 
derness "  of  steel  ingots  must  therefore 


I  be  traced  to  some  other  cause.  In  seek- 
I  ing  for  this  cause  it  must  be  borne  in 
i  mind,  moreover,  first  that  cast  ingots 
I  which  are  practically  solid  still  exhibit 
|  "  tenderness "  at  first  under  the  ham- 
I  mer,  and,  secondly,  that  the  specific 
1  gravity  of  cast  steel  is  not  increased,  but 
in  some  cases  slightly  diminished  by  the 
process  of  forging. 

Although,  as  we  have  said,  there  is  as 
yet  no  theory  generally  accepted  as  ac- 
;  counting  for  the  above-mentioned  facts, 
|  and  although  they  have  not  been  so  ex- 
i  tensively  investigated  by  those  practical- 
j  ly  engaged  in  the  steel  manufacture  as 
their  interest  would  seem  to  warrant, 
yet  explanations  of  them  have  not  been 
entirely  wanting.  Amongst  these  is  one 
to  which  we  now  wish  to  direct  special 
attention,  believing,  as  we  do,  that  it  is 
worthy  of  very  attentive  consideration. 
The  explanation  in  question  is  that  offer- 
ed as  long  ago  as  1868,  by  M.  Chernoff, 
in  some  papers  contributed  to  the  Rus- 
sian Technical  Society.  M.  Chernoff  is 
the  assistant  manager  of  the  well-known 
Abouchoff  Steel  Works,  near  St.  Peters- 
burg, and  he  has  thus  had  an  extensive 
experience  with  steel  forgings  of  large 
as  well  as  small  dimensions,  so  that  his 
opinion  possesses  considerable  weight. 
This  being  so,  it  is  somewhat  singular 
that  the  theory  which  he  advanced 
eight  years  ago — strongly  supported  as 
it  is  by  facts — should  have  hitherto  re- 
ceived so  little  attention,  either  in  this 
country  or  abroad.  Now,  however,  we 
are  glad  to  say,  Mr.  W.  Anderson,  of 
the. firm  of  Eastons  and  Anderson,  has 
translated  M.  Chernoff's  memoir  into 
English  and  has  had  it  printed  in  pam- 
phlet form.  By  the  courtesy  of  Mr. 
Anderson,  we  shall  in  an  early  number 
be  enabled  to  reproduce  M.  Chernoff's 
paper  in  extenso,  when  our  readers  will 
be  able  to  judge  for  themselves  of  the 
theory  which  he  so  ably  advances  ;  in 
the  mean  time,  however,  we  propose  to 
state  the  outline  of  that  theory,  and  to 
make  some  remarks  upon  points  suggest- 
ed by  it. 

Passing  over  some  interesting  remarks 
made  by  M.  Chernoff  respecting  the  high 
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quality  of  Eastern  Steel  known  as 
"boulat,"  and  the  facts  he  adduces  to 
prove  that  the  various  markings  of  this 
and  similar  steels  is  not  due  to  the  ad- 
mixture of  foreign  substances,  but  to  the 
structure  of  the  steel  at  different  points, 
we  will  proceed  at  once  to  the  theory 
which  M.  Chernoff  advances  to  explain 
the  changes  which  take  place  in  steel 
during  the  operations  of  forging  and 
tempering.  M.  Chernoff  holds  that  in  a 
compound  of  iron  and  carbon  such  as 
steel  is,  the  carbon  may  be  regarded  as 
occupying  the  same  relation  to  the  iron 
that  the  water  of  crystallization  of  a 
salt  does  to  a  salt  when  in  the  form  of 
crystals.  If  a  crystalline  salt,  such  as 
alum,  be  placed  in  a  suitable  vessel  and 
gradually  heated,  a  temperature  will  at 
length  be  reached  when  the  crystals  will 
begin  to  coalesce  and  contract,  the  whole 
will  become  fluid,  the  salt  being  at  this 
higher  temperature  completely  dissolved 
in  its  water  of  crystallization.  Just  in 
the  same  way  M.  Chernoff  considers  the 
iron  of  steel  may  be  supposed  at  a  cer- 
tain temperature  to  become  dissolved  in 
the  carbon  which  is  associated;  there 
thus  resulting  a  fluid  mass  which  may 
be  presumed  to  be  subject  to  the  same 
laws  as  those  which  govern  such  a  molt- 
en crystalline  salt  as  we  have  just  re- 
ferred to. 

But  we  know  that  if  a  crystalline  salt 
which  has  been  sufficiently  heated  and 
thus  dissolved  in  its  water  of  ciystalli- 
zation,  be  subsequently  allowed  to  cool, 
crystallization  will  again  take  place,  the 
character  of  the  crystals  formed,  how-, 
ever,  being  influenced  by  the  treatment 
which  the  solution  undergoes  during  this 
cooling.  For  instance,  gradually  cooling 
and  the  maintenance  of  the  solution  in  a 
quiescent  state  will  result  in  the  forma- 
tion of  large,  well-developed  crys- 
tals, while  agitation  during  this  slow 
cooling,  or  rapid  cooling  without  agita- 
tion, will  cause  the  formation  of  small 
crystals.  Finally,  the  combination  of 
agitation  with  rapid  cooling  will  inter- 
fere still  more  with  the  crystalline  forma- 
tion. 

More  than  this,  it  will  be  found  that 
not  only  can  the  formation  of  large  crys- 
tals be  prevented  by  agitating  the  solu- 
tion while  only  fluid,  but  that  even  after 
the  commencement  of  crystallization  dis- 
turbance of  the  particles  will  cause  the 


crystals  to  be  redissolved,  the  effect  of 
the  agitation  being  thus  to  reduce  the 
temperature  at  which  the  crystals  wrill 
remain  in  solution. 

Now  M. 'Chernoff  shows  that  in  its  be- 
havior steel  is  strictly  analogous  to  the 
solution  of  the  crystalline  salt  in  its 
water  of  crystallization,  and  the  experi- 
ments he  quotes  to  prove  this  are  of  ex- 
exceptional  interest.  Briefly  stated,  the 
facts  which  he  adduces  are  as  follows  : 
Up  to  a  certain  temperature  (which  will 
vary  in  different  samples,  and  which  M. 
Chernoff  denotes  as  the  point  a),  steel 
may  be  heated  and  subsequently  rapidly 
cooled,  as  for  instance  by  dipping  in 
water,  without  producing  any  hardening 
effect  ;  on  the  contrary,  it  will  become 
softer  and  more  easily  worked.  If,  how- 
ever, the  temperature  a  be  exceeded, 
then  the  rapid  cooling  will  be  accompani- 
ed by  hardening.  At  a  temperature  that 
is  higher  than  a,  not  by  a  strictly  defined 
amount,  but  by  an  amount  which  is  vari- 
able in  different  qualities,  the  steel  be- 
gins to  alter  its  structure,  and  between 
this  point  of  change  (which  M.  Chernoff 
denotes  as  b)  and  its  melting  point,  it 
gradually  passes  from  a  crystalline  to  an 
amorphous  condition.  If,  on  the  other 
hand,  a  mass  of  steel  is  cooled  down 
quietly  from  the  molten  state,  it  will,  by 
the  time  the  temperature  i  is  reached, 
have  assumed  a  crystalline  structure,  and 
this  structure  wTill  not  change  during  the 
further  cooling,  while  after  passing  the 
temperature  a  it  will  not  harden,  howT- 
ever  rapidly  the  reduction  of  temperature 
may  be  effected. 

Bearing  in  mind  what  has  been  already 
stated  respecting  the  behavior  of  a 
crystalline  salt  when  dissolved  in  its 
water  of  crystallization  it  will  be  seen 
that  presuming  the  analogy  between 
such  a  salt  and  steel  to  be  correct,  the 
treatment  which  the  latter  should  receive 
to  prevent  the  formation  of  a  coarsely 
crystalline  structure  is  plainly  pointed 
out.  What  is  needed  is,  that  when  be- 
tween the  melting  point  and  the  tem- 
perature which  M.  Chernoff  denotes  as 
b,  the  particles  of  the  metal  should  con- 
stantly be  kept  in  a  state  of  disturbance, 
as  is  practically  the  case  when  a  mass  is 
being  forged,  or  that  the  temperature 
should  be  reduced  so  rapidly  as  not  to 
permit  of  the  formation  of  large  crystals. 
Practically,    the    operation    of    forging 
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or  rolling  are  usually  necessary  for  me- 
chanical reasons,  and  it  is  by  such  opera- 
tions therefore  that  the  formation  of  a 
coarse  crystalline  structure  can  generally 
be  best  prevented,  but  it  is  to  be  borne 
in  mind  that  to  be  thoroughly  beneficial 
this  forging  or  rolling  must  be  continued 
until  the  temperature  of  the  metal  has 
fallen  to  the  point  b,  or  otherwise  crys- 
tallization will  proceed  after  the  mechani- 
cal treatment.  It  is  remarked  by  M. 
Chernoff  that  it  is  only  when  the  tem- 
perature has  fallen  below  b  that  the  den- 
sity of  steel  can  be  increased  by  forging. 
For  such  steels  as  are  used  for  larger  in- 
gots, however,  the  temperature  b  is  so 
low  comparatively,  it  being  only  about  a 
dull  red  heat,  that  below  it  no  existing 
hammers  are  sufficiently  powerful  to 
deal  with  large  masses.  Small  forgings 
may,  however,  be  dealt  with  at  a  lower 
temperature,  and  the  results  are  in  some 
respects  remarkable. 

As  regards  the  mode  of  arresting  the 
formation  of  large  crystals  by  a  rapid 
cooling  of  the  metal  from  a  temperature 
above  the  point  b,  although  for  mechani- 
cal reasons  not  generally  applicable  as  a 
substitute  for  forging  or  rolling,  yet  it 
is  undoubtedly  a  mode  of  treatment 
which  forms  an  important  auxiliary,  con- 
stituting as  it  does,  to  some  extent,  a 
means  of  correcting  insufficient  forging. 
Thus,  if  the  process  of  forging  has  been 
resorted  to  only  to  give  the  required 
shape  and  has  not  been  continued  until 
the  mass  has  fallen  to  the  temperature  b, 
crystallization  will,  as  we  have  stated, 
ensue  ;  but  this  crystalline  structure  can 
be  changed  to  an  homogeneous  one  by 
re-heating  the  forging  to  a  temperature 
somewhat  above  b,  and  then  subjecting 
it  to  rapid  cooling.  The  tempering  in 
oil  of  the  gun  tubes  at  Woolwich,  and 
the  practice  of  repeatedly  heating  steel 
plates  and  then  dipping  them  in  water 
as  adopted  at  Crewe,  are  instances  of 
the  practical  application  of  the  principles 
which  M.  Chernoff  has  enunciated.  In 
fact  these  modes  of  treatment  of  steel 
forgings,  &c,  are  specially  recommend- 
ed in  his  memoir,  written,  as  it  was,  in 
1868,  and  they  are  adopted  on  a  large 
scale  at  the  Abouchoff  Steel  Works. 

M.  Chernoff's  paper  was  read  before 
the  process  of  compressing  fluid  steel 
had  attracted  any  particular  attention, 


or  otherwise  he  would  probably  have 
alluded  specially  to  this  mode  of  treat- 
ment. As  it  is,  "the  theory  of  M.  Cher- 
noff appears  to  throw  a  remarkable 
light  on  the  results  which  Sir  Joseph 
Whitworth  has  obtained.  As  long  ago 
as  1861,  Professor  James  Thomson  ex- 
perimented on  the  influence  of  pressure 
on  crystalline  solutions,  and  the  result 
obtained  corroborated  the  conclusions  at 
which  he  had  previously  arrived  on  theo- 
retical grounds  that  the  application  to  a 
solid  of  stress  of  any  kind  other  than 
hydrostatic  must  have  the  effect  of  low- 
ering the  melting  point  of  that  solid, 
and  in  the  Proceedings  of  the  Royal  So- 
ciety, for  December,  1861,  he  remarks 
that  "  stresses  tending  to  change  the 
form  of  any  crystals  in  the  saturated  so- 
lutions from  which  they  have  been  crys- 
tallized, must  give  them  a  tendency  to 
dissolve  away,  and  to  generate,  in  sub- 
stitution for  themselves,  other  crystals 
free  from  the  applied  stresses  or  any 
equivalent  stresses."  Applying  Profes- 
sor James  Thomson's  conclusions  to  the 
view  of  the  structure  of  steel  advanced 
by  M.  Chernoff,  we  thus  see  that  there  is 
good  reason  to  believe  that  the  effect  of 
heavy  pressure,  such  as  is  applied  by 
Sir  Joseph  Whitworth  to  molten  steel, 
may  not  consist  merely  in  the  mechani- 
cal closure  of  cavities  which  would 
otherwise  exist  in  the  mass  when  solidi- 
fied, but  that  such  pressure  may  in  ad- 
dition produce  a  more  or  less  decided 
effect  upon  the  structure  of  the  metal 
after  solidification.  So  far  as  we  are 
aware  Sir  Joseph  Whitworth  has  never 
made  public  any  facts  which  would  en- 
able the  suggestion  here  made  to  be 
verified  or  controverted,  but  the  matter 
appears  to  us  worthy  of  further  investi- 
gation by  those  who  have  the  means  at 
their  command. 

Altogether  we  do  not  hesitate  to  re- 
gard M.  Chernoff's  paper  as  one  of  the 
most  interesting  and  suggestive  which 
has  for  a  long  time  past  come  under  our 
notice,  and  considering  the  important 
practical  bearing  of  the  facts  which  it 
adduces  we  think  that  our  iron  and  steel 
manufacturers  are  greatly  indebted  to 
Mr.  Anderson  for  the  trouble  he  has 
taken  in  preparing  and  placing  at  the 
service  of  the  public  his  able  transla- 
tion. 
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The  Prismoidal  Formula  is  the  basis 
of  the  methods  generally  given  in  books 
on  earthwork  computation  for  ascertain- 
ing the  volume  of  cut  or  fill  when  the 
center  heights  and  transverse  slopes  at 
the  ends  of  the  section  are  different. 

Not  having  seen  any  complete  investi- 
gation of  the  limits  of  application  of  this 
formula,  and  of  the  nature  of  the  sur- 
face to  which  the  ground  must  approxi- 
mately conform,  if  the  result  is  to  be  ac- 
curate, I  was  led  to  look  into  the  subject, 
and  have  published  in  the  July  number 
of  the  Analyst  a  mathematical  investiga- 
tion of  the  limits  of  this  formula,  and 
also  of  that  of  Weddle,  whidh  appears 
to  be  preferable  in  many  cases  to  the 
prismoidal,  both  in  point  of  accuracy  and 
economy  of  time. 

In  the  present  paper  the  results  ob- 
tained will  be  applied  to  the  computation 
of  railroad  cut  and  fill  and  borrow-pits. 
In  the  article  above  referred  to,  it  is 
shown  that  for  the  wedge -shaped  solid, 
shown  in  the  figure,  the  prismoidal  for- 


mula holds  exactly  when  the  upper  sur- 
face is  represented  by  the  equation, 

p5=^/,(0) +*y,(0) +«/.(0)  +W)  (i) 

in  which  f1{0)if3(6)i  &c,  are  arbitrary 
functions  of  6,  the  axis  of  x  is  the  inter- 
section of  the  side  slopes,  P  is  the  dis- 
tance from  X  measured  perpendicularly 
to  X,  and  0  is  the  angle  between  P  and 
the  horizontal  plane  X  Y.  If  there  be 
in  the  equation  of  the  surface  a  term  of 
the  fourth  degree,  x*f(d),  there  will  be 
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an  error  in  the  application  of  the  formu- 
la of  T2¥  of  the  volume  represented  by 
the  integration  of  this  term. 

In  (1)  let  x=na,  then  the  equation 
represents  some  curve  in  a  plane  parallel 
to  the  end  section,  i.  e.,  perpendicular  to 
X,  and  since  the  different  functions  of 
6  are  arbitrary,  the  curve  may  be  of  any 
nature,  and  may  be  made  to  pass 
through  any  number  of  points  in  the 
plane  x  =  na.  Thus  the  nature  of  the 
cross-sections  of  the  ground  surface  is  a 
matter  of  entire  indifference  so  far  as 
the  application  of  the  formula  is  con- 
cerned. 

Now,  suppose  in  eq.  (1)  that  6  =  constant, 
then  we  have  an  equation  of  the  third 
degree  in  P  and  x  representing  a  curve 
lying  in  a  plane  passed  through  X,  i.  e., 
the  intersection  of  the  side  slopes.  Since 
(1)  now  contains  four  arbitrary  con- 
stants, we  can  make  this  curve  pass 
through  any  four  points.  Also,  since  P 
is  of  the  second  degree,  it  appears  that 
the  curve  is  symmetrical  about  X.  In 
the  figure,  let  P0,  P 


P2  and 


P3  be  four 
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given  ordinates,  and  let  the  curve  drawn 
full  be  the  third  degree  curve  fixed  by 
their  extremities.  It  cuts  the  ordinate 
P4  at  A.  If  A  D  is  really  the  length  of 
the  next  ordinate  to  the  section  of  the 
ground  surface,  then  the  section  must 
agree  very  closely  with  the  mathemati- 
cal third  degree  curve,  provided  that 
the  curvature  of  the  ground  surface  is 
tolerably  regular.  If,  however,  the  sec- 
tion of  the  ground  surface  cuts  P4  at 
some  point-  B  or  C  below  or  above  A,  the 
curve  will  vary  as  in  the  figure,  and  will 
approximate  towards  a  fourth  degree 
curve.     The  curve  through  A  has  but 
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one  point  of  inflection  between  P0  and 
P4,  while  those  through  B  and  C  have 
each  two,  showing  them  at  once  to  be 
of  the  fourth  or  a  higher  degree.  It  ap- 
pears then  that  if  equi-distant  ordinates 
be  drawn  to  the  median  profile,  and  any 
five  consecutive  ones  be  taken  such  that 
the  curve  (profile)  between  the  first  and 
fifth  has  not  more  than  one  point  of  in- 
flection, the  portion  of  the  curve  between 
the  second  and  fourth  ordinates  will  not 
differ  very  greatly  from  a  third  degree 
curve  drawn  through  the  extremities  of 
the  first  or  last  four  ordinates.  If  the 
ground  surface  is  such  that  the  same 
holds  with  reference  to  profiles  taken  on 
either  side  of  the  median  line,  as  will 
generally  be  the  case,  then  we  can  assert 
that  the  prismoidal  formula  will  give 
very  approximately  the  volume  of  the 
solid  between  the  second  and  fourth 
ordinates  to  the  median  profile.  If  the 
common  distance  between  P0  and  P„  Px 
and  P3,  etc.,  is  100  feet,  we  have  whole 
sections,  and  the  cut  and  fill  can  be  com- 
puted more  accurately  as  well  as  more 
expeditiously,  when  the  above  conditions 
of  curvature  are  fulfilled,  by  taking  two 
sections  at  a  time  and  using  the  end 
areas  as  actually  computed  in  the  for- 
mula,* than  by  taking  only  one  section 
and  finding  the  mid-cross-section  by  re- 
garding the  median  profile  and  intersec- 
tions of  the  surface  with  the  side  slopes 
as  right  lines,  as  is  commonly  done. 

Weddle's  Formula. — This  formula  re- 
quires seven  equi-distant  cross-sections. 
It  is  as  follows  : 

V=^[A0  +  5A1  +  A3  +  6A3  +  A4 

+  5A5  +  A6]     .     .     (1) 

in  which  a  is  the  distance  between  two 
consecutive  cross-sections. 

In  the  article  above  referred  to  it  is 
shown  that  this  formula  holds  exactly  for 
the  surface  represented  by  the  equation, 

+  &c.     .     (2) 

when  m  =  5,  while  if  m  =  6,  there  is  an 
error  of  srfe  of  the  volume  represented 
by  the  integrals  of  the  terms  of  the  sixth 
degree;  and,  if  m=7,  there  is  an  error 
of  TT562  of  the  volume  represented  by 
the  integrals  of  the  terms  of  the  seventh 
degree,   in   addition   to    the   preceding. 


By  means  of  the  calculus  of  Finite  Dif- 
ferences, however,  or  by  elimination  by 
the  aid  of  determinants,  the  remarkable 
fact  may  be  shown  that,  if  a  certain  cor- 
rection be  subtracted  from  the  formula 
in  question  such  as  will  make  it  exact 
when  m=G,  it  will  also  make  it  exact  if 
m=7,  the  reason  being  that  the  correc- 
tion for  terms  of  the  seventh  degree 
cancels  out,  i.  e.,  becomes  equal  to  zero. 
This  correction  is 
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[A0-6Aa  +  15Aa-20A3  +  15A4 

■6A.  +  AJ,     .     (3) 


or  approximately, 

0.007  a  [A0— 6  Aa  + 15  A2  — 20  A3  + 15  A4 

-6A.  +  AJ     .     (4) 

If  (3)  be  subtracted  from  (1)  we  get  a 
formula  exact  for  the  case  when  m  =  7, 
but  the  co^fiicients  are  so  large  that  it 
is  inconvenient  to  use,  and  we  shall  show 
that  in  many  cases  the  value  of  (3)  is 
very  small,  and  shall  indicate  the  man- 
ner in  which  we  can  decide  from  the 
form  of  the  longitudinal  sections  wheth- 
er the  correction  is  large  enough  to  make 
a  serious  difference  in  the  result.  If  in 
eq.  (2)  we  make  6  =  some  constant,  we 
have  a  section  of  the  surface  by  some 
plane  through  X,  its  equation  being  of 
the  form 

~P*=Ax™  +  Bxm-1  +  Cxm~2  +  ....K....(5) 

The  curve  represented  by  this  equation 
is  symmetrical  about  X,  and  cannot  have 
more  than  m  —  2  points  of  inflection  on 
the  same  side  of  this  axis.  When  m=5y 
therefore,  there  can  be  but  three  such 
points,  and  this  affords  a  criterion  by 
which  to  judge  of  the  degree  of  ap- 
proximation of  the  longitudinal  sections 
of  our  surface  to  fifth  degree  curves. 

As  the  prismoidal  formula  and  that  of 
Weddle  apply  equally  well  to  the  prob- 
lem of  finding  an  area  like  that  in  the 
figure,  the  former  then  becoming  Simp- 
son's rule,  we  will  take  this  case  for  our 
computation.  Ae,  A„  etc.,  will  then 
represent  the  ordinates  to  the  given 
curve. 

Let  us  assume  a  curve  having  only 
three  inflection  points  between  the  ordi- 
nates at  O  and  X,  and  let  us  obtain  the 
area  between  these  ordinates,  the  right 
line  O  X  and  the  curve.     Let  a— 100. 


COMPUTATION   OF   EARTHWOKK. 


227 


.-.    the  area=30  [4  +  97.5  +  11.5  +  99  +  21 

+  77.5  +  35] 
=  30X345.5  =  10365. 

Now  let  us  find  the  value  of  the  cor- 
rection 

(3.)  It  is  *  [4-117  +  172.5-330  +  315 

^93  +  35]=-^ 

J  7 

=  — 9.64  +  . 

.-.  Corrected  area=10365  —  (— 9.64) 

=  10374.64. 

The  ratio  of  the  correction  to  the 
whole  area  is  about  jive  5  s0  small  that  it 
may  be  disregarded  in  earthwork  com- 
putations. Now  let  us  take  a  curve  with 
four  points  of  inflection. 


/0O--*|12 


Area= 30  [8  +  75+6  +  84  +  11  +  120  +  12] 

=  9480. 
Correction =^[8  —  90  +  90  —  280  — 165 

_144  +  12]  =  -5^i9 

=  -170.7  +  . 
.-.  Corrected  area=9480  + 170.7  =  9650.7, 

and  the  ratio  of  the  correction  to  the 
whole  area  is  about  —6 ;  more  than  nine- 
teen times  larger  than  in  the  previous 
case.  The  values  of  the  ordinates  in 
these  two  cases  have  been  taken  entirely 
at  random. 

It  is  evident  that  if  some  of  the  ordi- 
nates had  been  taken  different,  the 
amount  of  the  correction  might  have 
been  considerably  changed.  For  in- 
stance, if  the  middle  one  had  been  2  in- 
stead of  14,  the  correction  would  have 
been  only  ^  =  0.714  +  ,  but  then  the 
curve  would  have  had  only  two  points 
of  inflection  instead  of  four. 

Since  the  application  of  the  correction 
(3)  renders  the  result  exact  when  m=7, 
it  follows  that  by  using  it  a  pretty  accu- 
rate result  may  be  obtained  even  when 


there  are  Jive  points  of  inflection  be- 
tween the  extreme  ordinates  of  the 
longitudinal  sections. 

SOLIDS  BOUNDED  LATERALLY  BY  VERTICAL 
PLANES. 

If,  as  in  the  figure,  the  ends  are  paral- 


lel and  perpendicular  to  the  sides  which 
are  also  parallel,  the  prismoidal  formula 
holds  when  the  equation  of  the  upper 
surface  is 

Z=*m/.(2/)  +xm~l/M  +**-%(?/)  +  (5) 

so  long  as  m  is  not  greater  than  3. 

Similarly  the  formula  of  Weddle  holds 
for  the  surface  represented  by  this  equa- 
tion when  m  is  not  greater  than  5,  and, 
by  applying  the  correction  (3),  when 
m—1. 

Thus,  as  before,  sections  perpendicular 
to  X  may  be  of  any  nature  whatever. 

Suppose  it  were  required  to  find  the 
contents  of  the  solid  contained  between 
a  given  area  of  earth- surface  and  a 
given  horizontal  plane.  Let  the  area  be 
laid  off  in  squares  of  25,  50,  or  100  feet, 
according  to  the  roughness  of  the 
ground  and  the  accuracy  required.  Sup- 
pose we  say  50  feet;  then  for  the  appli- 
cation of  Weddle's  formula  take  a  strip 
300  feet  wide  and  as  long  as  we  please. 
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In  ^fhe  figure  a  square  of  300  feet  has 
been  taken,  the  numbers  at  the  corners 
are  the  heights  above  the  datum  plane, 
and  the  following  is  the  computation  : 


3  a     3X50 


=  15.-.  V=15[A0  +  5A1  +  AS 


10        10 

+  6A3  +  A4  +  5A5  +  A6] 

A0=15  [5  +  30  +  8  +  60  +  11  +  45  +  6] 

=  15X165=   2475 

5  A,  =  75  [6  +  35  +  9  +  72  +  14  +  50  +  7] 

=  75X193  =  14475 
A2=15  [8  +  35  +  8  +  78  +  12  +  45  +  9] 

=  15X195=    2925 

6  A3  =  90  [10 +  40  + 7  +  66 +  10  +  35 +  10] 

=  90X178  =  16020 
A4  =  15  [15  +  50  +  6  +  48  +  6  +  20  +  9] 

=  15X154=  2310 
5  A5=  75  [9 +  30  + 4 +  30 +  4 +  25 +  11] 

=  75X113=  8475 
A6=15  [8  +  15  +  1  +  24  +  7  +  45  +  15] 

=  15X115=    1725 


.'.  V=15X48405 
=     726075  cub.  ft. 
=  26891.66  cub.  yds. 

If  the  number  of  squares  in  the  direc- 
tion in  which  the  areas  are  computed  be 
not  a  multiple  of  6,  the  remainder,  after 
dividing  by  6,  may  be  calculated  by 
Simpson's  rule;  directly  if  the  remainder 
be  even,  and  by  interpolation  of  ordi- 
nates  if  it  be  odd.  If,  in  the  example 
computed  above,  the  areas  of  the  hori- 
zontal rows  be  taken  instead  of  the  ver- 
tical, the  resulting  volume  will  not  be 
changed.  If  the  computation  be  cor- 
rected by  formula  (4)  it  will  be  found 
that  the  result  is  about  forty-two  cubic 


yards  too  small,  less  than  fott  of  the 
whole  amount. 

The  above  method  may  be  very  con- 
veniently applied  to  the  case  where  any 
given  area  of  uneven  ground  is  to  be 
reduced  to  a  uniform  grade,  horizontal 
or  inclined,  or  to  several  different  grades 
in  different  portions.  In  any  case  the 
process  would  be  as  follows  : 

Take  a  horizontal  datum  plane  through 
the  lowest  point  of  the  given  area,  and 
calculate  as  above  the  quantity  of  earth 
between  this  plane  and  the  ground  sur- 
face This  is  the  mass  which  we  have 
to  put  into  a  new  shape.  Next,  taking 
a  horizontal  plane  through  the  lowest 
point  or  line  of  the  proposed  grade  or 
set  of  grades,  compute  the  volume  be- 
tween this  plane  and  the  grade  surfaces. 
If  this  amount  is  less  than  the  other 
take  the  difference  and  divide  it  by  the 
area  of  the  field  to  be  graded,  the  quo- 
tient will  be  the  height  of  the  second 
datum  plane  above  the  first.  Then  by 
the  principles  of  Topographical  Projec- 
tions, the  lines  of  intersection  of  the 
grade  surfaces  with  the  original  ground 
surface  can  be  found,  which  will  be  the 
boundaries  of  new  areas  whose  volume 
must  then  be  computed  as  before.  The 
portions  above  the  grade  surfaces  will 
have  the  same  volume  as  those  below,  so 
that  only  one  set  would  have  to  be  com- 
puted, unless,  indeed,  some  allowance  be 
made  for  the  shrinkage  of  newly  moved 
earth. 

If  the  second  of  the  two  volumes  first 
computed  be  the  greater,  then  the  grad- 
ing will  have  to  be  carried  below  the 
lowest  point  of  the  natural  surface  of  the 
ground,  or  else  some  change  must  be 
made  in  the  arrangement  of  the  grades. 
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I. 


The  saving  of  fuel  considered  in  its 
general  aspects,  or  more  particularly  in 
its  application  to  mechanical  purposes, 
presents    one   of    the    most    important 


questions  of  the  age  ;  and  this  import- 
ance increases  day  by  day  .under  the  in- 
fluence of  the  continued  augmentation 
in  the  price  of  combustibles  an 0  the  sub 
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stitution  of  machinery  for  physical  labor. 
It  is  not  astonishing  that  the  investiga- 
tion of  this  question  has  already  pro- 
duced numerous  and  elaborate  works, 
the  importance  of  many  of  which  have, 
we  think,  been  somewhat  underrated  by 
contemporary  reviewers.  The  attention 
given  to  this  subject  by  philosophers  and 
experimentalists,  amongst  whom  we  may 
cite  Hirn,  Burnat,  Leloutre,  Schreurer- 
Kestner,  and  Groseteste,  must  not  be 
forgotten,  and  their  example  has  induced 
the  undertaking  of  several  experimental 
researches,  the  result  of  which  it  is  pro- 
posed to  communicate  to  our  readers.  It 
will  be  at  once  again  seen  by  this  paper 
how  much  may  be  justly  expected  from 
the  progress  of  mechanical  science  al- 
ready apparently  so  advanced  ;  and  it 
will  also  be  seen  by  how  much  we  must 
lessen  our  admiration  at  the  sight  of 
those  powerful  engines  which  set  our 
workshops  going  with  such  facility  and 
apparent  perfection.  In  fact,  what  have 
we  learned  during  these  last  few  years  ? 
Simply  this  :  that  our  best  steam  engines 
utilize  scarcely  one-eleventh  of  the 
power  contained  in  the  coal,  the  getting 
of  which  costs  so  much  labor. 

Since  the  fact  of  the  unity  of  the 
natural  forces  of  nature  has  been  estab- 
lished, and  also  the  relative  bearing  ex- 
isting between  heat  and  effective  power, 
there  no  longer  exists  any  doubt  on  the 
verdict  of  science.  Fortunately,  how- 
ever, whilst  science  herself,  thus  seems 
to  point  to  our  impotence  with  a  sort  of 
defiance,  she  also  shows  to  us  the  desired 
end,  and  indicates  the  means  we  should 
put  in  operation  to  attain  it.  Some  of 
these  means  have  been  made  use  of  in 
the  description  about  to  be  given  of 
an  engine  recently  erected,  and  although 
its  general  arrangement  is  one  produc- 
tive of  remarkable  economy,  less  reliance 
will  be  placed  on  this  fact  than  on  the 
method  of  experimenting  which  has  been 
followed.  Accuracy  in  measuring  and 
counting,  and  the  make  up  of  the  total 
losses  sustained,  have  been  the  princi- 
pal objects  kept  in  view,  and  the  further 
•knowledge  will  doubtless  naturally  fol- 
low. 

The  engine  about  to  be  described  is 
one  from  the  factories  of  the  house  of 
Gilain  de  Tirlemont,  known,  especially 
of  late  years,  as  well  for  the  excellence 
of  its   machines   as   for   the   continued 


efforts  made  to  improve  them.  The  one 
in  question  comprises  a  group  of  several 
twin  boilers  and  an  engine  of  110-horse 
power,  and  the  following  paper  will  be 
found  divided  under  the  following  heads  : 
(A.)  Description  of  the  heating  appara- 
tus, and  the  means  of  observation  used  ; 
(B.)  Summary  thereof ;  (C.)  Results 
obtained,  and  a  concise  analysis  thereof. 

(A.) DESCRIPTION  OP   THE    HEATING  AP- 
PARATUS. 

The  steam  generators  consist  of  cylin- 
drical boilers  of  the  tubular  type,  exter- 
nally fired,  and  super-heaters — the  total 
heating  surface,  including  the  lower 
tubes,  being  115  square  meters,  or  about 
1200  square  feet,  whilst  the  exterior  sur- 
face of  the  superheating  pipes  is  about 
twenty-three  square  meters,  or  240 
square  feet. 

(1.)  The  furnaces  are  each  divided  in- 
to two  parts  by  a  small  partition  running 
along  the  whole  length  of  the  grates. 
The  object  of  this  arrangement  is  to  al- 
low, by  an  alternate  charging  of  the 
fuel,  the  bringing  into  contact  the  pro- 
ducts of  the  distillation  of  coal  just 
charged  with  the  hotter  ones  arising 
from  a  more  advanced  stage  of  combus- 
tion. Such  an  arrangement  renders  the 
combustion  of  the  gases  more  complete, 
for,  when  a  grate  is  newly  charged, 
there  ensues  an  actual  process  of  distilla- 
tion which  in  reality  absorbs  rather  than 
produces  heat ;  the  atmospheric  air  does 
not  pass  through  in  sufficient  quantities, 
and  remains  cold,  whilst  exactly  the  re- 
verse takes  place  in  a  furnace  which  has 
been  fed  some  time,  and  where  the  coal 
is  in  full  combustion.  Single  furnaces 
must  always  have,  in  our  opinion,  the 
fault  of  admitting  either  too  much  or  too 
little  atmospheric  air,  and  it  is  useless  to 
expect  from  an  ordinary  fireman  suffi- 
cient intelligence  and  attention  to  regu- 
late the  stoking  in  exact  accordance  with 
these  requirements.  Many  experiments, 
all  more  or  less  giving  like  results,  have 
proved  that  the  steam  yield  of  boilers  is 
in  proportion  to  the  quantity  of  the  fuel 
supply,  notwithstanding  any  cooling  due 
to  the  frequent  opening  of  the  fire-doors, 
and  this  evidently  arises  from  a  more 
perfect  combustion  resulting  from  a 
fixed  supply  of  air  and  of  the  coal.  The 
twin  arrangement  of  the  boilers  under 
notice  is  singularly  well  adapted  to  the 
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application  of  double  fire-grates.  The 
total  area  of  the  double  furnace  is  3.12 
square  meters,  of  which  one-third  is 
blank,  and  it  is,  therfore,  nearly  equal 
to  j-7  of  the  heating  surface.  Numerous 
experiments  have  been  made  with  the 
object  of  determining  what  is  really 
the  best  proportion  between  these  two 
surfaces,  and  for  some  time  an  opinion 
prevailed  in  favor  of  -^  to  ^.  This 
opinion  was  one  formed  from  the  result 
of  a  series  of  comparative  trials,  in 
which  the  area  of  the  grates  was  contin- 
uously diminished,  the  original  propor- 
tion being  ~-6  of  the  total  heating  surface. 
On  these  grates  the  consumption  per 
hour  and  per  square  meter  of  surface 
was  50  kilogrammes  of  coal.  These 
quantities  were,  however,  found  to  be 
too  strictly  definite,  and  they  ought  to 
be  varied  not  only  according  to  the 
quantity  of  coal  burned  per  hour,  but 
also  according  to  the  quality  of  the 
fuel,  and,  when  this  is  inferior,  it  is,  of 
course,  necessary  to  increase  the  surface 
of  the  grate.  The  distances  of  the  bars 
from  the  boiler  is  0.50  meter  in  front, 
and  about  0.60  meter  towards  the  back; 
these  having  been  found,  as  the  result 
of  a  series  of  experiments  made  at  Mul- 
house,  the  best  distances  for  semi-bitu- 
minous coal,  and,  it  may  be  added,  that 
they  were  also  found  the  best  for  the 
preservation  of  the  boiler  plates.  From 
this  point  of  view,  as  well  as  from  that 
of  the  areas  of  the  grates,  these  boilers, 
with  the  exterior  furnaces,  exhibit  con- 
siderable advantages  over  the  Cornish 
plan  of  interior  furnaces,  which  latter 
are  considerably  in  fashion  in  some 
parts  of  Belgium.  These  exterior  fur- 
naces may  be  easily  combined,  are  easily 
adapted  to  circumstances  and  different 
wants,  from  which  it  may  readily  be  in- 
ferred that  these  advantages  are  suffi- 
ciently great  to  enable  them  to  hold  their 
own  against  the  interior  fire-places,  which 
are,  in  some  respects,  certainly  superior 
to  them. 

(2)  Course  of  the  Flame. — If  it  be  re- 
quired that  from  a  given  quantity  of 
coal  a  furnace  is  to  produce  the  greatest 
quantity  of  caloric,  it  follows  that  the 
boilers  ought  to  be  so  set  as  to  lose  the 
least  heat  possible  ;  and  with  this  object 
it  seems  desirable,  whilst  giving  them  a 
full  sufficiency  of  heating  surface,  to 
place  this  in  such  a  position  as  to  insure 


the  course  of  the  flame  being  the  inverse 
to  that  of  the  circulation  within  the  shell 
of  the  boiler.  This  principle  has  been 
most  carefully  observed  in  the  boilers 
we  are  describing.  The  feed  enters  one 
of  the  lowest  tubes  at  the  end  opposite 
the  furnace,  that  is  to  say,  at  the  point 
where  the  products  of  combustion  pass 
into  the  stack  ;  from  thence  the  feed- 
water  rises,  and,  as  its  heat  increases,  so 
does  in  like  manner  that  of  the  products 
of  combustion.  There  is  however  with 
reference  to  the  superheating,  an  excep- 
tion to  this  rule.  The  flame  then,  after 
having  enveloped  the  sides  of  the  boiler, 
properly  so-called,  and  previous  to  arriv- 
ing at  the  lower  tubes  passes  through 
the  superheating  chamber,  and  its  move- 
ment through  this  is  regulated  by  several 
dampers,  by  the  operation  of  which  it  is 
guided  either  directly  to  the  superheat- 
ing chamber  or  to  the  lower  tubes,  the 
result  being  that  the  steam  is  produced 
at  any  degree  of  saturation  or  superheat- 
ing that  may  be  desired. 

(3)  Superheating. — After  passing  over 
31.41  square  meters  of  the  heating  sur- 
face, the  flame  then  reaches,  and  comes 
in  contact  with,  the  cast-iron  pipes, 
through  which  the  steam  is  passing,  and 
where  it  is  first  of  all  dried,  and  then 
superheated.  These  pipes,  made  like  a 
coiled  worm,  are  of  twenty  centimeters 
exterior  and  sixteen  centimeters  interior 
diameter,  the  joints  being  made  with 
iron  thimbles  having  turned  expanding 
collars.  This  kind  of  joint  has  been 
found  to  answer  exceedingly  well,  and 
although  the  superheating  arrangement 
has  been  in  use  several  years,  not  a 
single  leakage  has  been  detected.  The 
heating  surface  of  these  pipes  was  calcu- 
lated with  a  view  to  raising  the  temper- 
ature of  the  steam  to  about  240°  C.  on 
its  leaving  the  superheater,  that  is,  with- 
out having  recourse  to  the  regulating 
valves,  which,  of  course,  should  be  as 
little  exposed  as  posssible  to  the  action 
of  the  fire.  This  end  has  been  approx- 
imately attained,  although  it  was  some- 
what difficult  to  arrive  thereat  by  any 
calculation,  a  priori,  seeing  that  the  de- 
gree of  superheating  depends,  to  a  cer- 
tain extent,  on  the  consumption  of  steam 
—which  can  never  be  very  exactly  fore- 
seen— on  the  heat  of  the  fires,  and  on 
the  degree  of  dryness  of  the  saturated 
steam.    It  was  at  first  believed  that  by 
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regulating  the  superheating  surface  in 
proportion  to  that  of  the  heating  sur- 
face of  the  boiler,  an  approximately 
equal  degree  of  superheating  would  be 
obtained  ;  for  if  the  fires  be  hotter,  it  is 
surely  true  that  the  flame  reaches  the 
superheating  chamber  at  a  higher  tem- 
perature ;  but  it  is  equally  true  that 
there  is  then  proportionately  an  extra 
quantity  of  steam  to  superheat,  but  in 
practice  this  does  not  hold  good,  and  it 
was  not  without  difficulty  that  arrange- 
ments were  made  by  which  the  tempera- 
ture of  the  superheated  steam  could  be 
kept  approximately  uniform. 

APPARATUS    AND    MEANS    FOE  MAKING  OB- 
SERVATIONS   ON   THE    BOILER. 

For  the  observations  on  the  boiler,  a 
series  of  apparatus  was  required,  of 
which  we  give  the  following  description  : 

1.  Gauging  of  the  Water. — A  rec- 
tangular cistern,  containing  2647  liters 
at  a  temperature  of  zero,  gauged  directly 
by  weight,  served  to  measure  the  feed- 
water.  Details  concerning  this  tank 
will  be  found  under  the  head  of  "  En- 
gine." 

2.  Spy -holes  in  the  Firedoors. — In  or- 
der to  be  able  easily  to  make  observations 
on  the  state  of  the  fire-grate,  without 
opening  the  doors,  a  proceeding  which  al- 
ways alters  the  state  of  the  combustion 
and  of  the  draught,  we  have  constructed 
in  each  door  small  gpy-holes  with  mova- 
ble covers,  which  afford  means  for  a 
ready  inspection  of  the  state  of  combus- 
tion of  the  coal',  and  its  more  or  less  even 
distribution  over  the  firebars. 

3.  Partial  Vacuum  produced  by  the 
Draught. — It  was  expedient  to  measure 
the  draught.  With  this  intention  we 
measured  the  diminished  pressure  of  air 
both  above  and  below  the  firegrate,  as 
well  as  at  the  end  of  the  lower  flues. 
These  diminutions  being  slight,  small 
variations  in  their  extent  corresponded 
to  great  changes  in  the  draught  ;  it  was, 
therefore,  necessary  to  adopt  more  com- 
plicated appliances  for  making  observa- 
tions than  a  simple  water  gauge. 

(a.)  To  allow  of  the  pressure  below 
the  firegrate  to  be  taken  by  the  stoker 
at  a  distance,  the  ashpit  was  closed  in 
front  by  a  movable  damper  of  thin  sheet 
iron,  which  in  itself  constituted  an  ane- 
mometer. A  graduated  scale  showed 
the  angle  made  by  these  dampers  with 


the  vertical,  and  allowed  of  the  draught 
being  regulated  to  the  same  amount  for 
the  same  quantity  of  fuel. 

(b.)  The  pressure  above  the  firegrate 
was  registered  in  a  complete  manner  by 
means  of  an  ordinary  water  gauge,  modi- 
fied in  two  respects.  The  branch  in 
communication  with  the  boiler  had,  at 
the  water  level,  a  sectional  area  400 
times  that  exposed  to  the  atmosphere,  so 
that  any  degree  of  vacuum  was  register- 
ed on  this  latter  branch.  Secondly,  in 
this  latter  branch  was  a  small  glass  float, 
which  transmitted,  by  means  of  a  small 
beam  working  on  a  needle  point,  and  in  a 
proportion  of  ten  to  one,  the  differences 
of  level  in  the  water  or  the  difference 
between  the  internal  and  external  press- 
ure. By  the  aid  of  this  appliance,  the 
state  of  the  firegrate  could  be  observed, 
and  its  stoking  regulated.  The  readings 
were  easily  taken,  for  each  millimeter 
showed  as  a  centimeter  on  the  scale. 

4.  Volume  of  air  admitted  to  the  Fire- 
grate.— We  have  seen  above  that  in  front 
of  the  ashpit  were  placed  sheet-iron 
dampers,  moving  easily  two  and  fro  un- 
der the  influence  of  the  draught.  They 
indicated,  by  the  extent  they  were  drawn 
out  of  the  perpendicular,  not  only  the 
depression  in  the  gauge,  but  also  the 
volume  of  air  which  passed  over  the  fire- 
bars. With  this  intention,  previous  to 
the  experiments  we  are  now  recording, 
we  had  graduated  the  angles  assumed 
by  these  dampers  by  means  of  a  Biram 
rotary  anemometer,  which  we  put  in 
operation  at  the  same  time,  and  under 
different  degrees  of  draught,  so  that, 
after  this  had  been  done,  the  dampers 
themselves  constituted  anemometers. 

The  continual  use  in  front  of  the 
boiler  of  a  scientific  instrument  like  the 
Biram  anemometer,  is  very  inconvenient ; 
it  is  too  delicate,  and  not  easily  read. 
We  think  that  by  means  of  our  movable 
and  graduated  dampers  we  have  practi- 
cally solved  the  important  question  of 
the  volume  of  air  used.  The  opening  of 
the  register  affords  very  poor  informa- 
tion to  the  stoker,  for,  with  the  same 
amonnt  of  opening,  widely  different 
volumes  of  air  may  be  admitted,  which 
is  not  the  case  with  our  movable  dampers. 

(4.)  Temperature  of  the  Products  of 
Combustion. — In  the  superheating  cham- 
ber was  placed  a  metallic  pyrometer, 
based  on  the  unequal  expansion  of  differ- 
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ent  metals,  which  expansions  registered 
themselves  on  a  dial  plate  by  means  of  a 
movable  needle.  This  pyrometer  was 
placed  at  the  opening  of  the  superheat- 
ing chamber,  but  as,  on  account  of  its 
size,  there  was  no  opportunity  of  obtain- 
ing similar  observations  for  comparison, 
it  has  been  impossible  to  prove  the  ex- 
actness of  its  indications,  which  are, 
however,  believed  to  be  rather  low.  The 
temperature  of  the  smoke  at  the  bottom 
of  the  stack  was  first  of  all  examined  by 
placing  a  copper  pipe  containing  paraf- 
fine  in  the  flues,  so  that  it  reached  the 
bottom  of  them,  and  a  thermometer  dip- 
ping into  the  paraffine  indicated  the 
temperature  of  the  discharge.  This  ar- 
rangement, which,  however,  is  only  men- 
tioned that  others  than  ourselves  may 
avoid  the  false  inferences  which  were 
drawn  from  it,  presents  two  defects. 
First  of  all,  in  the  long  run,  the  paraffine 
becomes  carbonized,  the  more  readily  so 
because  it  is  impossible  to  prevent  at 
certain  times  very  high  temperature  be- 
ing reached.  Besides,  in  withdrawing 
the  thermometer,  not  a  little  dexterity 
was  required  in  order  to  read  its  indica- 
tions with  sufficient  quickness.  Since 
then  the  following  arrangement  has  been 
adopted  : — An  iron  pipe  containing  mer- 
cury was  fixed  in  the  flue,  and  into  this 
pipe  was  introduced  another  containing 
sand,  in  which  was  placed  the  thermom- 
eter. The  mercury  being  a  good  heat 
conductor  is  quickly  raised  to  the  tem- 
perature of  the  smoke,  and  communi- 
cates it,  pro  rata,  to  the  sand,  which  re- 
tains it  sufficiently  long  to  enable  the 
reading  of  the  thermometer  to  be  easily 
noted,  and  this  is  always  a  little  above 
the  temperature  of  the  sand. 

(5.)  Analysis  of  the  Products  of  Com- 
bustion.— It  was  deemed  desirable  to  de- 
termine the  composition  of  the  products 
of  combustion  which  would  permit  first 
of  all  a  judgment  being  formed  on  the 
indications  of  the  anemometer  employed 
to  measure  the  volume  of  air  admitted 
to  the  furnaces,  and,  secondly,  to  decide 
what  were  the  losses  resulting  from  im- 
♦perfect  combustion.  With  this  object 
portions  of  the  escaping  gases  were 
drawn  off  by  the  aid  of  a  pump  at  equal 
distances  and  heights  along  the  whole  of 
the  flues.  A  portion  of  these  gases  was 
received  directly  over  mercury,  and  an- 
other larger  portion  over  water  already 


saturated  with  the  gas  itself.  In  the 
analysis,  the  method  by  volume,  followed 
by  Gerhard  and  Chancel,  of  condensing 
the  carbonic  acid  by  potash,  the  free 
oxygen  by  pyrogallic  potash,  and  the 
carbonic  oxide  by  chloride  of  copper, 
was  followed.  Unfortunately,  however, 
an  accident  happened  during  the  process 
of  the  analysis  which  prevented  its  being 
completed,  but  it  is  hoped  that  this  may 
be  accomplished  at  some  future  time, 
and  the  full  benefit  of  the  exhaust  ob- 
tained. 

(6.)  Pressure  of  Steam. — The  pressure 
of  steam  in  the  boiler  was  indicated  by 
a  mercurial  gauge,  and  the  effective 
pressure  in  the  engine  itself  by  two 
metallic  gauges,  controlled  by  the  first- 
named,  of  which  they  at  the  same  time 
acted  as  registers.  The  action  of  this 
self-registering  gauge  is  easily  under- 
stood. The  needle  rests  in  a  roller 
moved  by  clockwork,  and  surrounded 
by  metallic  paper.  This  paper  is  divid- 
ed, longitudinally  speaking,  into  twenty- 
four  parts,  representing  the  hours,  and 
transversely  into  six,  giving  the  press- 
ure in  atmospheres.  These  diagrams,  as 
regards  the  pressure,  partake  of  the  de- 
fect common  to  all  metallic  gauges, 
whose  want  of  exactness  frequently 
leaves  much  to  be  desired  ;  but  when 
these  are  under,  as  in  this  case,  the  con- 
trol of  a  mercurial  gauge,  it  is  easy  to 
correct  false  indications  by  a  fresh  divi- 
sion of  the  recording  paper  on  the  roller. 

(B.) GENERAL   DESCRIPTION    OF    THE 

ENGINE. 

This  is  a  beam  engine,  on  Woolf's 
plan,  with  two  cylinders.  For  the  pres- 
ent purpose  it  will,  however,  be  sufficient 
to  confine  ourselves  to  a  description  of 
those  peculiarities  of  construction  which 
are  chiefly  to  be  found  in  the  arrange- 
ments for  the  distribution  of  steam. 
The  admission  of  the  steam  into  the 
smaller  cylinder  is  effected  by  two  slide- 
valves,  double-seated,  one  placed  at 
either  end  in  immediate  contact  with  the 
cylinder,  the  object  being  to  avoid  waste 
of  space  ;  these  are  moved  by  cams 
regulated  by  a  governor,  and  it  may  be 
added,  that  this  regulating  arrangement 
has  been  extremely  well  planned,  the 
speed  of  the  engine  altering  but  little, 
however  different,  the  effective  power 
produced.    The  exhaust  from  the  smaller 
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cylinder  is  separate  from  the  steam-valve, 
and  regulated  by  entirely  different  appara- 
tus; the  communication  between  the  top 
of  this  cylinder  and  the  bottom  of  the 
other,  and  vice  versa,  being  made  by  a 
long,  movable,  square  pipe,  acting  like  a 
slide-valve.  This  pipe,  which,  by  means 
of  an  eccentric  motion,  places  alternate- 
ly in  communication  the  two  opposite 
ends  of  the  cylinders,  is  never  in  con- 
nection with  the  condenser,  and  besides 
being  always  full  of  steam,  is  also  envel- 
oped in  it,  the  effect  of  which  is  to  keep 
it  steadily  pressed  against  the  smaller 
cylinder.  It  hence  follows  that  the  steam 
in  passing  to  the  larger  cylinder  becomes 
superheated,  and  that  the  difference  be- 
tween the  pressure  in  it  and  the  resist- 
ance in  the  smaller  one  is  but  trifling, 
and  thus  disappears  one  of  the  great 
causes  of  complaint  hitherto  put  forward 
against  Woolf's  system.  In  the  third 
place,  the  steam-entrance  valves  in  the 
large  cylinders  and  those  exhausting  into 
the  condenser  are  in  like  manner  sepa- 
rate and  distinct;  the  discharge  is  made 
through  two  slide-valves,  governed  by 
an  eccentric,  and  placed  at  either  ex- 
tremity of  the  cylinder.  These  valves, 
which  are  simply  shells,  act,  not  in  an  en- 
closing case  and  under  steam  pressure, 
as  is  the  case  ordinarily,  but  they  are 
open  to  the  atmosphere  and  merely  under 
atmospheric  pressure.  This  construction 
reduces  to  a  minimum  all  waste  of  space 
and  also  friction.  To  sum  up,  the  fol- 
lowing are  the  merits  which  are  specially 
claimed  for  the  arrangements  : — Instant- 
aneous admission,  under  the  action  of 
the  governor,  of  the  steam.  Distinct 
and  separate  steam  and  exhaust  valves, 
as  well  for  the  smaller  as  for  the  larger 
cylinder.  The  means  of  communication 
(the  sliding  pipe)  between  the  two  cylin- 
ders is  always  full  and  always  enveloped 
in  steam.  The  exhaust  valves  of  the 
larger  cylinders  work  simply  under  the 
pressure  of  the  atmosphere.  Objection- 
able waste  of  space  is  much  reduced. 

Below  will  be  found  the  chief  dimen- 
sions of  the  engine,  on  which,  however, 
it  is  necessary  to  remark  that  the  ordi- 
nary proportion  between  the  areas  of  the 
smaller  and  larger  cylinders  has  been 
changed  from  1  to  4,  to  1  to  3.3,  with 
the  object  of  obtaining  a  longer  action 
in  the  smaller  one,  especially  so  with  a 
view  to  the  superheating.     The  first  in- 


tention was  to  put  a  jacket  to  each 
cylinder  and  to  work  with  entirely  super- 
heated steam.  But  as  a  steam-jacket  to 
the  smaller  cylinder  might  have  had  the 
effect  of  making  the  piston  cut  the  face, 
it  was  arranged  that  the  jacket  of  the 
smaller  cylinder  should  remain  filled  with 
air,  and  that  conveniently-placed  pipes 
should  convey  the  steam  direct  to  the 
smaller  cylinder  without  passing  through 
the  jackets.  One  of  the  causes  for  de- 
viating from  the  original  plan  was  the 
difficulty  found  in  casting  jacketing 
cylinders,  and  hence  the  larger  cylinder, 
and  the  communication  between  it  and 
the  other,  alone  have  steam  jackets. 

Chief  dimension's  of  the  Machine. — Di- 
ameter of  smaller  cylinder,  0.513  meter  ; 
diameters  of  piston-rod,  0.08  meter  ; 
stroke  of  smaller  piston,  1.312  meter  ; 
diameter  of  larger  cylinder,  0.795  meter  ; 
diameter  of  piston-rod,  0.096  meter ; 
stroke  of  larger  piston,  1.80  meter  ;  di- 
ameter of  the  air-pump,  0.507  meter  ; 
stroke  of  the  air-pump,  0.90  meter ; 
section  of  opening  of  slide-valve  of 
smaller  cylinder,  0.0079  square  meter  ; 
section  of  exhaust  of  larger  cylinder, 
.0216  meter  ;  diameter  of  fly-wheel,  6.03 
meters;  number  of  teeth,  204  ;  diameter 
of  pinion,  2.54  meters  ;  number  of  teeth, 
86. 

Apparatus  used  for  making  observa- 
tions on  the  Engine. — As  for  the  boiler, 
so  in  the  present  case  it  is  necessary  to 
describe  the  means  adopted  for  deter- 
mining the  consumption  of  the  engine 
and  the  effective  work  produced. 

Gauge  for  measuring  the  quantity  of 
Steam  consumed. — A  tank  supplied  from 
the  hot  well  was  placed  in  the  founda- 
tions of  the  building.  At  the  commence- 
ment and  at  the  end  of  each  trial  the 
water  in  the  boilers  was  brought  to  the 
same  level,  and  the  weight  of  water  pass- 
ing through  the  tank  naturally  represent- 
ed the  weight  of  steam  consumed  by  the 
engine.  This  tank,  when  filled  to  over- 
flowing, contained  exactly  2635^  kilos. 
of  water,  at  10°  C,  or  about  2647  kilos. 
at  0°.  It  was  furnished  with  two  small 
cisterns,  always  full  of  water,  one  of 
which  contained  the  feed-pump,  and  the 
other  a  float.  The  object  of  this  ar- 
rangement is  readily  understood.  The 
area  of  the  reservoir  being  about  two 
square  meters,  a  slight  mistake  in  taking 
the  height  of  the  water  at  each  empty- 
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ing  might  have  given  rise  to  a  consider- 
able error,  whilst  this  error  became  al- 
most unnoticeable  in  the  two  small  reser- 
voirs mentioned.  Notice  was  given  of 
each  filling  and  emptying  by  a  little  bell 
— in  electric  communication  with  the  two 
floats — the  object  of  these  double  floats 
being  to  do  away  with  guides  or  pulleys, 
whose  varying  friction  is  apt  to  induce 
error.  Thus  there  were  guaranteed  a 
certainty  of  measurement  and  instan- 
taneous electric  signals,  and  these  were 
further  arranged  so  as  to  give  warning 
whenever  the  feed  was  three  centimeters 
either  above  or  below  the  level. 

Determination  of  Temperatures. — The 
temperature  of  the  steam  was  observed 
at  six  different  points  ;  that  is  to  say,  in 
the  seating  of  the  boilers  before  the 
superheating;  and,  after  this,  in  the  en- 
trance to  the  engine-house  ;  afterwards, 
close  to  the  smaller  cylinder;  then, 
as  it  issued  from  the  jacket  of 
the  larger  cylinder  ;  and,  finally, 
in  its  discharge  from  the  latter.  The 
temperature  of  the  water  used  for  con- 
densation, and  of  that  discharged  by  the 
air-pump,  were  also  measured.  The  tak- 
ing of  these  temperatures  presented  more 
than  one  difficulty.  In  the  first  place 
the  thermometers  used  did  not  agree, 
and  in  some  instances  the  differences  be- 
tween them  amount,  for  superheated 
steam,  to  5°  C.  It  was  found  possible, 
by  experiments  referring  to  boiling  water 
and  saturated  steam  of  a  known  press- 
ure, to  correct  the  lower  temperatures  ; 
but  in  the  higher  ones,  those  recorded 
•can  only  be  considered  as  approximate. 
Then  there  were  obstacles  to  the  observ- 
ation of  these  temperatures  entirely  in- 
dependent of  the  instruments,  as  from 
the  fact  of  some  of  these  getting  broken 
it  became  necessary  to  move  the  others 
from  place  to  place,  and  their  indications 
were  thus  affected,  it  being  impossible 
sometimes  to  wait  sufficiently  long  to 
permit  either  registration  by  them  of  the 
changed  temperatures  or  the  correct 
reading  thereof.  This  is  much  to  be  la- 
mented, but  is  mentioned  to  prevent  any 
too  absolute  conclusions  being  drawn 
from  the  results  recorded. 

Number  of  Strokes. — A  counter  placed 
in  front  of  the  engine  and  moved  by  an 
eccentric,  gave  the  number  of  strokes, 
which  were  duly  recorded  every  quarter 
•of  an  hour. 


Indicators. — The  work  done  by  the 
steam  in  the  cylinders  was  registered  by 
four  Richards'  indicators  placed  at  either 
end.  Attention  was  given  to  the  springs 
of  these  by  having  them  tested  by  a 
mercury  gauge.  Motion  was  imparted 
by  the  parallel  motion,  so  arranged  that 
the  attachments  were  vertical  and  pro- 
portionate to  those  of  the  pistons. 
During  the  first  trial,  which  lasted 
thirty-six  hours  consecutively,  diagrams 
were  simultaneously  taken  every  quarter 
of  an  hour  at  either  end  of  the  smaller 
cylinder  ;  and  four  diagrams,  also  simul- 
taneous, of  the  two  cylinders  every  two 
hours.  The  proportion,  sufficiently  regu- 
lar between  the  work  of  larger  and 
smaller  cylinders  for  every  period  of 
two  hours,  was  added  to  the  diagrams 
obtained  every  quarter  of  an  hour  from 
the  smaller  one,  and  thus  the  total 
effective  work  was  defined.  The  three 
following  trials  lasted  for  twelve  hours 
each,  and  to  decide  as  to  the  effective 
work  four  diagrams  were  simultaneously 
taken  every  half-hour.  The  work  done 
when  the  engine  was  rnnning  light  was 
also  calculated,  together  with  the  friction 
of  the  whole,  including  that  of  the  pin- 
ion and  its  axle. 

Condensation  of  Water. — The  condens- 
ed steam  from  the  pipes  and  steam 
jackets  was  delivered  into  vessels  of  a 
known  capacity,  which  were  alternately 
filled  and  emptied.  Practically  speaking, 
this  condensed  water  ought  to  be  utilized 
by  returning  it  to  the  boilers,  but  this 
was  not  done,  it  being  thought  more  in- 
teresting to  determine  its  exact  quantity  ; 
it  should,  however,  be  understood  that 
the  results  obtained  from  the  engine 
ought,  strictly  speaking,  to  be  compen- 
sated for  any  loss  thus  sustained. 

Condensing  Water, — It  has  been  said 
that  the  temperature  of  this  water  was 
taken  every  quarter  of  an  hour,  but  it 
was  also  desirable  to  measure  its  weight, 
to  which  end  the  air-pump  was  arranged 
so  as  to  throw,  when  so  wished,  all  the 
water  into  the  reservoir,  gauged  at  2747 
kilos.,  used  for  feeding  the  boilers,  as  has 
been  mentioned  above;  this  was  easily 
done  by  means  of  a  communicating  pipe, 
and  thus  every  time  it  became  necessary 
to  fill  this  gauged  reservoir  for  feeding 
the  boilers,  the  capacity  of  the  air-pump 
could  be  registered  with  every  desirable 
exactness,    by  noting    the    number  of 
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seconds  employed  in  refilling,  and,  as  a 
further  guide,  the  number  of  strokes 
made  by  the  piston  of  the  engine. 

We  may  now  examine  the  results  of 
the  experiments  made,  in  which  M.  A. 
Devigne,  Engineer,  M.  de  Yeer,  M. 
Nicodeme,  fils,  Engineer,  M.  Louis,  and 
M.  Lemaire,  actively  participated.  Each 
scrupulously  performed  the  task  allotted, 
notwithstanding  the  labor  involved  in 
such  experiments.  Success  has  crowned 
their  efforts,  for  no  accident  has  occurred 
of  sufficient  importance  to  cast  any  doubt 
upon  the  accuracy  of  the  results  obtain- 
ed. These  results  are  given  in  the  fol- 
lowing table,  several  points  in  which  we 
shall  examine  further  on. 

(See  Table  on  following  page.) 

N.  B. — In  a  previous  trial  made  be- 
tween the  13th  and  15th  of  March,  and 
comprising  64  hours,  4  minutes  of  work- 
ing, during  which  the  engine  had  made 
96,814  revolutions  (say  25.12  per  min- 
ute), and  had  given  off  a  power  mani- 
festly equal  to  that  of  the  subsequent 
official  trials,  a  consumption  of  86.76 
kilogrammes  of  steam  per  hour  had  been 
shown — say  7.88  kilogrammes  per  effect- 
ive horse-power.  The  consumption  of 
coal  during  the  last  24  hours  of  this  trial 
had  been  121.2  kilogrammes  per  hour  of 
the  same  coal  (16  per  cent,  of  ashes) — 
say  1.10  per  effective  horse-power  per 
hour  approximately,  or  1.03  kil.  per  ef- 
fective horse-power,  deducting  six  per 
cent,  of  ash.  Through  the  want  of  as- 
sistants during  this  trial,  we  were  unable 
to  take  all  the  observations  which  it  ad- 
mitted of.  This  certainly  does  not  im- 
peach the  fact  that  length  and  multi- 
plicity of  trials  and  the  agreement  of 
their  results  are  a  great  guarantee  of 
correctness. 

The  results  of  the  experiments  con- 
tained in  the  table  give  rise  to  a  great 
number  of  questions.  Time  fails  us  to 
analyze  them  so  much  in  detail  as  they 
deserve,  we  must  therefore  confine  our- 
selves at  the  present  time*  to  the  follow- 
ing points  : 

EXAMINATION    OF   THE    RESULTS. 

Coal. — The  fuel  used  was  the  poor 
coal  of  the  Charleroi  basin,  which,  more- 
over, had  been  lying  in  the  open  air,  ex- 
posed to  all  the  inclemencies  of  the 
season,  for  about  six  weeks  prior  to  the 
date  of  the  experiments;  and  under  these 


conditions  the  yield  of  steam  was  natu- 
rally less  than  it  otherwise  would  have 
been.  The  reduction  of  ten  per  cent, 
for  incombustible  matter,  which,  it  will 
be  observed,  has  been  made  throughout 
the  table,  may  be  justified  in  this  way — 
that,  first  of  all,  there  was  an  under- 
standing with  the  contractor  that  the 
coal  contained  ten  per  cent,  of  ash;  and 
secondly,  that  the  experiments  were 
thus  placed  on  a  common  footing  with 
those  at  Mulhouse,  where  a  similar  pro- 
portion was  allowed.  The  variable 
quality  of  the  cinders,  as  proved  during 
the  different  trials,  may  be  accounted 
for  by  the  following  out  of  different  sys- 
tems of  stoking;  the  fact  being  that  in 
the  later  experiments  the  furnace  fires 
were  more  frequently  stirred,  the  result 
being  a  darker  color  in  the  cinder. 

From  every  charge  of  60  kilogs.  of 
coal  a  sample  was  taken,  and  from  these 
samples,  after  they  had  been  mixed  to- 
gether and  pounded,  a  specimen  was  se- 
lected, which,  on  being  calcined,  was 
found  to  contain  an  average  of  8.6  per 
cent,  of  valueless  matters.  The  results 
of  these  tests  showed  that  there  ought 
to  have  been  in  the  cinders  from  the 
grates  at  the  different  trials  12.25  per 
cent.,  9.20  per  cent.,  7.45  per  cent.,  and 
9.4  per  cent,  of  combustible  matter. 

The  examinations  of  these  cinders,  of 
which  average  samples  were  in  like  man- 
ner taken,  does  not,  however,  quite  con- 
firm this  induction.  Thus,  the  calcining 
of  the  cinders  of  the  first  trial  gave 
373.2  kilogs.  of  valueless  matter,  whilst 
the  proportion  of  8.6  per  cent,  in  the 
coal  would  represent  404.2  kilogs.,  or  a 
total  difference  of  31  kilogs.  of  valueless 
matter,  and  this  difference  of  31  kilogs. 
represents  on  the  4700  kilogs.  of  coal 
burned  an  excess  amounting  to  0.7  per 
cent.  The  question  then  arises  whether 
there  be  an  error  either  in  calculating 
the  effect  of  the  calcining,  or  in  the  data 
of  the  experiments  ;  but  at  the  same 
time  it  may  be  readily  admitted  that  it 
is  very  possible  a  portion  of  the  cinders 
had  been  carried  off  into  the  flues  of  the 
boilers,  in  which  case  there  is  nothing 
extraordinary  in  a  larger  proportion  of 
useless  matter  being  found  in  calcining 
the  coal  than  in  calcining  the  cinders. 

This  poor  coal  is  extremely  apt  to 
work  down  through  the  grate  bars,  but 
careful  stoking  had  the  effect  of  realizing 
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(C.) — Result  of  the  Experiments. 


With  superheating. 

Without  superheating 

Date  of  the  trials,  1873 

Mar.  18. 
35h.30m. 
4700k. 

Mar.  24. 
12h.  10m. 
1500k. 

Mar.  25. 

12h.  10m. 
1700k. 

Mar.  26. 

Duration  of  trial 

llh.  32m. 

Total  consumption  of  coal 

1600k. 

Cinders,  clinker,  &c,  drawn  from  the  grate  for 

every  100k.  of  coal  consumed 

20.85 

17.80 

16.05 

17 

Consumption  of  coal  per  hour,  deducting  ten  per 

cent,  of  ash, 

118. 

113.  U 

131.22 

129 

Consumption  of  coal  per  square  meter  of  grate- 

bar  

37.82 

36.42 

42.05 

41.34 

Ditto  per  square  meter  of  heating  surface 

Mean  pressure  of  steam  in  the  boiler  as  measured 

10.26 

0.988 

1.14 

1.12 

by  mercurial  gauge 

4.35  atm. 

4.38  atm. 

4.19  atm. 

4.17  atm. 

Temperature  of    steam  in  the  boiler  prior  to 

superheating,  cent 

154°  7 

154°  9 

153°  6 

153°  4 

Ditto  after  superheating 

247° 

232°  8 

153°  6 

153°  4 

Temperature  of  the  external  atmosphere  at  mid- 

day  

10° 

15° 

15° 

15° 

Temperature  of  products  of  combustion  at  the 

entrance  of  the  superheating  chamber 

350° 

350° 

333° 

339°     ' 

Ditto,  Ditto,  prior  to  its  entrance  into  the  chim- 

ney  

176° 

154° 

156° 

162° 

Quantity  of  water  evaporated  during  the  trial, 

estimated  in  liters 

31,626 

11,214 

12,966 

12,001 

Temperature  of  the  feed-water 

28°  8 

28° 

28°  4 

28° 

Quantity  of  w^ater  evaporated  during  the  trials, 

in  kilos 

31.368 

11,078 

12,806 

11,855 

Ditto,  ditto,  ditto,  per  hour 

883.6 

910.5 

1052.4 

1027.8 

Quantity  of  water  evaporated  per  kilo,  of  coal 

consumed,  this  latter  being  supposed  to  give 

ten  per  cent,  of  ash 

7k.  45 
4  20  atm. 

8k.  01 
4.18  atm. 

8k.  01 
4.10  atm. 

7k.  97 

Average  pressure  in  the  engine 

4.03  atm. 

Pressure  in  the  condenser  in  centimeters 

68 

69.1 

69.7 

69.3 

Temperature  of  the  steam  in  the  engine 

217 

.    202.1 

152.9 

152.3 

Temperature  of  the  steam  at  the  lesser  cylinder 

before  passing  through  steam  jacket 

193 

188.7 

152,9 

152.3 

Ditto,  after  passing  through  steam  jacket 

169 

— 

152.4 

— 

Temperature  of  the  steam  in  the  exhaust  pipe 

from  the  larger  cylinder 

49  60 

48.74 

48.86 

49.60 

Temperature  of  the  condensed  water  of  the  steam 

jacket 

95° 

95° 

95° 

95° 

Weight  of  the  condeDsed  water 

2390k. 

473 

1467 

4.35 

Ditto,  ditto,  per  hourly  discharge 

67k.  32 

38  88 

120.57 

37.68 

Temperature  of  the  injection  water  of  condenser 

9f 

9f° 

9f° 

9|° 

Temperature  of  the  water  at  the  discharge  of 

air-pump 

31°  12 

27°  76 

29°  9 

29°  5 

Quantity  of  water  discharged  by  the  air-pump 

per  minute 

350.470k. 

378.542k. 

406.08k. 

405.00k. 

Caloric  units,   or  quantity  of   heat  added  per 

minute  to  the  injection  water  by  the  discharge 

of  the  steam 

7489.44 

6817.54 

8182.61 

7998.75 

Number  of  strokes  of  the  engine  per  minute 

25.33 

24.99 

25.00 

24.68 

Effective  result  of  steam  in  smaller  cylinder  esti- 

mated in  horse-power 

73.654 

77.630 

72.110 

76.600 

Effective  result  of  steam  in  larger  cylinder  esti- 

mated in  horse-power 

46.518 
120.172 

12  850 
120.480 

50.520 
122.630 

43.890 

Total  work  done  in  the  cylinders 

120.490 

Friction  of  the  engine  as  estimated  in  horse- 

power  

11.04 
109.132 

11.04 
109.400 

11.04 
111.590 

11.04 

Effective  work  done  by  engine 

109.450 

Consumption  of  fuel,  allowing  for  ten  percent. 

of  cinders,  per  horse-power  per  hour 

0.981 

0.943 

1.07 

1  07 

Consumption  of  coal  containing,  say,  ten  per  cent. 

of  ashes  per  effective  horse-power  per  hour. . , . 

1.080 

1.038 

1.176 

1.176 

Consumption  of  steam  per  horse-power  per  hour 

7.353 

7.560 

8.580 

8.530 

Consumption  of  steam  per  hour  and  per  effective 

horse-power 

8.096 

8.320 

9.430 

9.390 
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an  economy  of  say,  5  per  cent,  in  the 
cinders  as  compared  with  ordinary  firing  ; 
for  this  economy  it  was  found  advisable 
to  have  the  grate  bars  placed  very  close 
together,  to  wet  the  coal  a  good  deal, 
and  to  give  it  plenty  of  draught,  which 
dispenses  with  the  necessity  for  frequent 
stirring  of  the  fires  and  the  frequent 
cleaning  of  the  grates. 

Draught. — The  draught,  or  volume  of 
air  admitted  to  the  furnaces,  was  main- 
tained, apart  from  the  first  twelve  hours 
of  the  first  trial,  at  a*  regular  quantity 
during  the  whole  course  of  the  experi- 
ments. During  the  said  first  twelve 
hours  of  the  first  trial  it  was  about  9 
cubic  meters  of  air  per  1  kilog.  of  coal 
consumed,  which  was  certainly  insuffi- 
cient, whilst  for  the  remainder  of  the  ex- 
periments it  reached  nearly  10.28  cubic 
meters,  or  about  13.5  cubic  yards,  per 
kilog.  of  coal  burned.  How  far  is  this 
sufficient  ?  The  composition  of  the  coal 
consumed  may,  we  think,  be  taken  as 
approximately  the  following  : 

Carbon 82.00 

Hvdrogen 4 .  40 

Cinders... 8 .  60 

Oxygen,  nitrogen,  &c.    5.00 

.      100.00 

And  thence,  taking  into  consideration 
the  carbon  and  the  hydrogen  only,  there 
would  be  necessary  906  liters  of  air  at 
zero,  or  about  955  liters  (210  gallons)  at 
15  deg.  C.  for  combustion.  There  would 
thus  appear  to  have  been  in  general  dur- 
ing the  trials  an  excess  of  air  equal  to 
about  7.1  per  cent.  In  one  of  the  analy- 
ses, the  correctness  of  which,  however, 
cannot  be  definitely  relied  on,  an.  excess 
of  three  per  cent,  of  oxygen,  or  about 
fifteen  per  cent,  of  air,  was  found  in  the 
products  of  combustion,  or  nearly  about 
double  that  which  has  just  been  given 
above.  This,  however,  may  be  explain- 
ed, and  the  analysis  gains  in  value  there- 
by; for  in  reality  there  were  lost  or  left 
in  the  cinders  from  seven  per  cent,  to 
nine  per  cent,  of  the  combustible  matter, 
which  evidently  did  not  absorb  any  air; 
and  beyond  this  is  the  fact,  that  however 
great  may  be  the  draught  absolutely, 
perfect  combustion  is  not  attainable,  as 
has  been  very  amply  shown  by  M. 
Schreurer-Kesmer,  in  his  very  beautiful 
researches  on  the  combustion  of  coal. 
According  to  these  researches,  and  under 


the  conditions  with  which  these  experi- 
ments were  carried  out,  from  five  per 
cent,  to  six  per  cent,  of  carbon  would 
escape  in  the  form  of  carbonic  oxide, 
and  nearly  twenty  per  cent,  of  the 
hydrogen  contained  in  the  fuel  would 
also  escape  unburn ed. 

Cost  of  the  Draught. — If  from  this  in- 
formation, combined  with  the  results  of 
the  experiments  before  us,  we  calculate 
the  cost  of  the  draught,  we  find  ourselves 
in  face  of  two  losses,  one  of  which  in- 
creases whilst  the  other  diminishes  in  pro- 
portion to  the  draught;  the  first  of  these 
arising  from  the  heat  escaping  up  the 
chimney,  and  the  second  from  imperfect 
combustion.  Let  us  now  see  what  is  the 
actual  value  of  these  losses.  1028  liters 
of  air  at  15  deg.,  weighing,  with  the  mat- 
ters carried  with  them  (0.83  kilogs.)  a 
total  of  13.88  kilogs. — about  30.75  lbs. — 
have  been  admitted  through  the  furnaces. 
The  temperature  of  the  gases  being  162 
degs.  C. — 355  degs.  Fahr. — at  their  exit, 
and  15  degs.  C. — 59  Fahr. — at  their  en- 
trance, there  were  lost  147X13.88X0.23 
=  468.18  units  of  heat  per  kilog.  of  coal. 
This  is  admitting,  for  the  facility  of  cal- 
culation, an  average  specific  heat  equal 
to  0.23  for  the  gas  at  its  exit  from 
the  chimney  ;  these  calculations  will 
scarcely  allow  of  much  greater  exact- 
ness; and  a  loss  of  a  fifth  part — say  93 
units  of  heat — thus  arises  from  an  excess 
of  air. 

There  was  given  off  in  the  state  of  car- 
bonic oxide  about  six  per  cent,  of  the 
carbon  contained  in  the  coal,  say 
0.0492,  which  equals  a  loss  of  0.0492 
(8080  — 2403)  =  229  heat  units  ;  80S0  and 
2403  being  the  heat  units  respectively 
developed  by  the  transformation  of  the 
carbon  into  carbonic  acid  and  carbonic 
oxide.  On  the  other  hand,  the  disen- 
gagement of  0.0088  kilogs.  of  hydrogen 
occasioned  a  loss  of  0.0088X34,600  = 
184  heat  units,  the  total  loss  arising  from 
an  imperfect  combustion  being  thus  413 
heat  units.  If,  however,  the  quantity  of 
air  admitted  through  the  furnaces  had 
been  increased  twenty-five  per  cent.,  the 
losses  arising  from  imperfect  combustion 
would  have  been  diminished  one-half,  as 
M.  Schreurer-Kestner  has  demonstrated, 
and  there  would  thence  have  been  a 
gain  of  about  200  heat  units,  but  a  loss 
from  the  gas  passing  off  through  the 
chimney  of,  say,  117  heat  units;  it  thus 
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appears  that  there  would  have  been 
some  gain  from  an  increased  supply  of 
air. 

Duty  of  the  Boilers. — In  order  to  pre- 
sent our  balance-sheet  of  the  duty  of  the 
boiler  the  result  of  the  second  experi- 
ment is  selected  because  it  was  the  best 
average;  the  first  having  been  made  un- 
der the  disadvantages  of  varying 
draught,  whilst  the  two  last  suffered 
from  an  uncertainty  as  to  the  quantity 
of  water  carried  in,  mechanically,  by  the 
saturated  steam. 

The  approximate  heating  power  of  the 
coal  burned  ought  to  have  been,  as  cal- 
culated from  its  component  parts,  nearly 
8147  heat  units.  On  the  other  hand, 
the  products  of  combustion  of  1  kilog. 
of  this  coal  may  be  thus  estimated  : — 
(1.)  7.32  (606.5  +  0.305X153.6  +  0.4805 
X79.2)  =  4782  +  278=5060  heat  units; 
from  which  however,  must  be  deducted 
for  heat  units  contained  in  the  feed- 
water,  say  28X7.32  =  205  heat  units. 

Heat       Per 
units.      cent. 

There  remain,  therefore,  as  rep- 
resented by  steam 4855  or  59.59 

(2.)  The  combustible  matter  lost 
in  the  cinders  represents  0.092 
x8080= 743  or    9.10 

(3.)  The  gases  escaping  through 
the  chimney  have  carried  with 
them  (154-15)  13.88+0.23=.     444  or    5.43 

(4.)  Imperfect  combustion  rep- 
resents     413  or    5.07 

(5.)  The  evaporation  of  1\  per 
cent,  of  water  in  the  fuel  rep- 
resents       10  or    0.12 

(6.)  The  radiation,  or  losses 
through  the  brickwork,  losses 
arising  from  the  cleaning  of 
the  grates,  and  other  causes 
which  have  not  been  estimat- 
ed represent  the  difference  = .  1682  or  20.52 

Total 8147  or  99.83 

It  is  not  claimed  that  in  the  totals  of 
these  losses  the  exact  proportion  of  each 
of  them  is  given  ;  for  that  it  would  have 
been  necessary  that  the  analysis  had 
been  more  positively  defined  by  an  ex- 
periment with  the  calorimeter  on  the 
calorific  value  of  the  coal  burned.  The 
impression,  however,  is  entertained  that 
the  figures  given  deviate  but  little  from 
the  actual  truth. 

What  will  strike  people  most  is  the 
high  figure,  20.52  per  cent.,  which  stands 
last  in  the  table  of  losses,  and  which  M. 
Schreurer-Kestner  attributes  entirely  to 


radiation.  It  is  thought,  however,  that 
there  ought  to  be  added  thereto  as 
causes — (1.)  The  fusion  of  the  cinders, 
the  cooling  and  losses  arising  from  clean- 
ing the  grates.  (2.)  The  entrance  of  air 
at  the  dampers  and  round  the  lower 
tubes,  entrances  which  the  anemometer 
could  not  measure,  but  which  it  was  en- 
deavored to  reduce  to  a  minimum  ;  and 
then,  (3),  probably  another  cause,  which 
M.  Paul  Charpentier  has  investigated 
in  the  Revue  Uhiverselle,  namely,  the 
faculty  possessed  by  the  products  of 
combustion  of  freely  expanding.  "  If," 
says  he,  "burned  gases  are  allowed  to 
expand  freely,  and  their  initial  pressure 
to  diminish,  there  arises  an  absorption, 
in  the  latent  state,  of  a  quantity  of  heat, 
which  has  not  as  yet  been  exactly  deter- 
mined, but  which  is,  nevertheless,  of  im- 
portance ;  if,  on  the  contrary,  this  ex- 
pansion be  restrained,  the  heat  will  take 
an  appreciable  form,  and  may  be  usefully 
applied."  And  as  a  corollary  to  this, 
the  same  writer  has  proposed  a  method 
of  combustion  which  merits  the  attention 
of  manufacturers,  and  which  he  denomi- 
nates, "  A  method  of  perfect  combus- 
tion by  fixed  quantities."  Our  opinion, 
however,  is  that  the  loss  arising  from  the 
free  expansion  of  the  products  of  com- 
bustion has  been  much  exaggerated. 

On  this  point,  reference  may  be  made 
to  the  mechanical  theory  of  heat — a 
theory  utterly  rejected,  it  is  true,  by  M. 
Martin,  but  the  results  of  which  have 
been  so  often  approximately  verified 
that  it  seems  fair  to  make  use  of  them 
here. 

The  air  entered  the  furnace  at  a  tem- 
perature of  say  fifteen  degrees,  and  left 
it,  in  the  experiment  we  have  been  ana- 
lysing, at  a  temperature  of  154°.  Its 
volume  was  thus  augmented  by  about 
fifty  per  cent.,  this  augmentation  taking 
place  by  overcoming  the  pressure  of  the 
atmosphere,  and  in  accomplishing,  there- 
fore, by  cubic  meter  of  air  admitted,  the 
work  of  1.03  +  50,000  kilogrammeters, 
corresponding  to  121  heat  units  ;  or  for 
every  kilo,  of  coal  burned  there  were  ad- 
mitted 1028  liters  of  air — hence  there 
was  lost  per  kilo,  of  coal  1.028X121  = 
123  heat  units,  being  only  about  one  and 
a  half  per  cent.  This  quantity  is  much 
smaller  than  the  author  just  quoted  sup- 
poses. He  gives  also,  as  the  ordinary  re- 
sult of  heating,  a  very  different   yield 
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from  what  has  been  found  above — his 
table  of  losses  being  as  follows  : 

Per  cent. 

1.  Loss  due  to  excess  of  air 16 

2.  Loss  due  to  the  chimney 18 

3.  Loss  due  to  imperfect  combustion 20 

4.  Loss  due  to  formation  of  cinders 15 

5 .  Loss  due  to  evaporation  of  48  kilos,  of 

water 3.6 

6.  Loss  due  to  radiation see  details. 

Total 72.6 

These  figures  have  nothing  in  common 
with  what  takes  place  underneath  boilers 
hung  under  moderately  good  conditions; 
they,  in  fact,  assume  impossible  tem- 
peratures at  the  bottom  of  the  stack, 
and  an  imperfection  of  combustion  be- 
yond all  ordinary  limits.  The  author 
himself  feels  that  his  loss  is  over-esti- 
mated, and  is  not  at  all  in  accordance 
with  the  ordinary  duty  done  by  steam 
boilers;  but  he  flings  himself  then  on 
the  40  per  cent,  of  water  mechanically, 
in  many  cases,  carried  in  with  the  steam. 
That  this  water  is  often  a  cause  of  un- 
certainty must  be  acknowledged;  but 
with  superheating  this  uncertainty  dis- 
appears. 

Prior  to  the  experiments  now  reported 
a  dozen  trials  were  made  with  coal  from 
different  collieries,  and  with  ordinary 
dry  steam,  that  is,  superheated  about  2°. 
The  average  of  these  trials,  which  lasted 
about  422  hours  in  the  aggregate,  gives 
a  duty  of  8.14  kilos,  of  steam  per  1 
kilo,  of  coal.  We  believe  this  duty  to 
be  capable  of  .improvement  even  with 
ordinary  boilers;  but  it  is  reproduced 
here,  as  it  is  considered  a  very  strong 
confirmation  of  the  preceding  observa- 
tions and  calculations. 

It  is  no  part  of  this  report  to  enter  on 
a  discussion  of  the  comparative  merits 
of  different  systems  of  boilers,  its  ob- 
ject being  simply  to  render  an  exact 
account  of  the  duty  done  by  those  ex- 
perimented upon.  We  will,  however, 
add,  that  in  our  opinion  if  tubular  boilers 
give  a  better  duty,  the  ordinary  cylin- 
drical ones  have  the  not  unimportant 
merits  of  simplicity  and  facility  for 
cleaning,  which  at  large  works  ought  to 
be  appreciated,  the  more  especially  when 
the  water  happens  to  be  laden  with  mat- 
ter inclined  to  cause  incrustation. 

Temperature  of  the  Steam.— The  loss 
of  temperature  between  the  boiler  and 


the  steam  cylinder  has,  notwithstanding 
that  the  pipes  were  enveloped  in  a  non- 
conducting coating  of  paper  pulp  the 
greater  part  of  their  length,  and  were 
placed .  in  some  places  underneath  the 
earth,  been  very  great  with  the  super- 
heated steam.  This  loss  was  54°  during 
the  first  trial,  and  44°  during  the  second. 
On  this  subject  there  is  room  for  some 
observations;  the  difference  of  10°  in 
the  loss  arising  from  the  fact  that  it  was 
considerably  colder,  especially  during 
the  night,  on  the  occasion  of  the  first 
trial.  During  the  day  the  respective 
temperatures  of  the  external  air  were 
10°  and  15°  C,  and  the  loss  of  heat  by 
radiation  being  proportional  thereto  is 
hence  greater  for  superheated  than  for 
saturated  steam.  It  was  wished  to  ac- 
count for  the  difference  in  these  losses 
by  registering,  on  one  hand,  the  fall  in 
temperature  for  the  superheated  steam, 
and,  on  the  other,  the  condensed  water 
for  the  saturated  steam.  Knowing  the 
specific  heat  of  the  superheated  steam, 
and  the  number  of  heat  units  contained 
in  the  saturated  steam,  the  thing  was 
simple  enough.  A  result  was,  however, 
found  exactly  the  reverse  of  what  we 
had  anticipated — in  fact,  the  condensa- 
tion of  the  saturated  steam  showed  a 
loss  of  heat  greater  than  the  fall  of  tem- 
perature in  the  superheated  steam.  The 
explanation  of  this  apparently  irrational 
matter  rests  in  the  mechanical  carrying 
forward  of  water  in  spite  of  all  the  pre- 
cautions taken  to  prevent  it.  Since  the 
trials  which  have  been  described,  during 
the  summer  months  a  series  of  observa- 
tions have  been  made  on  the  loss  of  tem- 
perature, which  has  been  found  reduced 
to  32°  C.  in  place  of  the  54°  and  44° 
previously  determined,  and  the  system 
of  pipes  being  about  32  meters  in  length 
prior  to  its  reaching  the  engine,  thus 
gives  a  loss  of  about  1°  per  running 
meter,  or  about  2j  per  cent,  of  the  heat 
contained  in  the  steam.  This  loss,  still 
too  great,  but  which  might  possibly  be 
reduced  by  better  covering  to  the  piping, 
is  worthy  the  attention  of  persons  con- 
templating the  use  of  superheated  steam, 
especially  on  the  point  of  such  arrange- 
ments as  would  bring  the  boilers  and 
engines  closer  together.  Placing  on  one 
side  all  theoretical  calculations,  which 
for  the  moment  it  may  be  desirable  to 
avoid,  the  fact  of  the  great  facility  with 
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which  superheated  steam  loses  tempera- 
ture may  be  brought  forward  as  a  proof 
of  the  small  quantity  of  heat  required 
for  its  production  in  the  abstract  sense 
of  the  term.  This  loss  is  evidently  a 
phenomenon  identical  with,  though  in- 
verse to,  that  of  the  heating.  Any 
matter  which  is  easily  cooled  is  in  like 
manner  easily  warmed.  The  change- 
ableness  of  the  circumstances  and  of  the 
primary  causes  which  govern  the  yield 
of  steam  from  a  boiler  have  the  effect 


that,  in  spite  of  all  precautions,  no  two 
yields  are  alike;  and  hence,  secondly, 
make  it  impossible  to  determine  how  far 
that  yield  is  affected  by  superheating. 
Prior  to  the  experiments  recorded,  a 
difference  of  0.85  kilo,  of  steam  per  1 
kilo,  of  coal  burned  in  some  trials  made 
by  Messrs.  Gilain,  testify  to  differences 
still  more  considerable  found  at  their 
works,  which  can  only  be  explained  by 
the  mechanical  carrying  forward  of  the 
water. 


ON  THE  FLOW  OF  FLUIDS  THROUGH  NOZZLES.* 

By  ROBERT  D.  NAPIER. 

From  "Engineering." 


In  the  preface  to  the  second  volume 
of  "  Weisback's  Mechanics,"  there  is  a 
remark  to  the  effect  that  mathemati- 
cians are  sometimes  so  charmed  with  the 
beauty  of  their  analytical  processes  as  to 
forget  to  inquire  whether  their  premises 
are  correct.  Several  examples  of  this 
have  come  within  my  own  observation, 
and  I  believe  that  to  similar  causes  is  to 
be  attributed  a  good  deal  of  misconcep- 
tion with  regard  to  the  action  of  water 
flowing  through  an  orifice  in  a  thiu  plate. 

Before  the  present  generation  it  used 
to  be  generally  considered  that  the  power 
or  force  which  was  theoretically  avail- 
able for  producing  the  flow,  was  equal 
to  the  area  of  the  orifice  multiplied  by 
the  pressure  due  to  the  head;  that  is, 
equal  to  the  weight  of  a  column  of 
water  of  which  the  cross-section  is  equal 
in  area  to  that  of  the  orifice  and  the 
length  equal  to  the  height  of  the  water 
above  the  orifice. 

In  the  former  times  to  which  I  refer,  it 
was  argued,  as  it  has  been  since,  that  the 
theoretical  velocity  through  the  orifice 
was  that  which  a  heavy  body  would  ac- 
quire in  falling  freely  through  a  distance 
equal  to  the  head,  but  that  the  obstruc- 
tion caused  by  the  convergence  of  the 
moving  particles  towards  the  orifice,  and 
by  friction,  made  the  actual  discharge 
only  about  five-eighths  of  the  theoretical 
quantity. 

In  reasoning  thus  a  serious  oversight 
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was  made,  which  was  nothing  less  than 
assigning  to  the  theoretical  force  just 
double  the  duty  it  was  possible  it  could 
perform;  for  it  can  be  easily  shown,  and 
I  shall  presently  do  so,  that  if  the 
volocity  through  the  orifice  were  that 
which  a  heavy  body  would  acquire  in 
falling  through  a  distance  equal  to  the 
head,  the  momentum  of  the  water  that 
would  be  discharged  in  a  given  time 
would  be  double  that  which  the  assumed 
theoretical  force  could  generate  in  the 
same  time. 

On  the  other  hand,  if  the  water  were 
not  to  flow  at  nearly  the  volocity  due  to 
the  head,  there  would  be  a  loss  of  work 
which  it  would  be  difficult  if  not  im- 
possible to  account  for. 

The  question  then  arises,  how  can  the 
amount  of  work  that  is  potential  in  the 
water  before  it  flows  through  the  orifice, 
be  transmitted  to  the  same  amount  after 
it  is  discharged,  without  infringing  the  law 
that  the  momentum  of  a  moving  mass  is 
proportional  to  the  force  and  time  re- 
quired to  generate  its  velocity  ? 

Many  persons  have  got  over  this  diffi- 
culty by  an  easy,  but  rather  cavalier, 
process.  They  have  ignored  the  name 
and  even  the  idea  of  momentum,  and  de- 
termined the  theoretical  flow  entirely,  by 
considering  the  equality  that  ^should 
theoretically  exist  between  the  potential 
work  in  the  water,  before  flowing 
through  the  orifice,  and  the  accom 
plished  work  after  that. 

These  two  quantities  might  be   per- 


THE   FLOW   OF   FLUIDS   THROUGH   NOZZLES. 


241 


fectly  equal  though  the  vena  contracta 
were  a  tenth  of  the  size  it  is  in  reality, 
so  that  this  method  of  solving  the  prob- 
lem is  simply  escaping  from  between 
the  horns  of  a  dilemna  by  ignoring  the 
existence  of  one  of  them. 

But  the  commonest  method  of  getting 
over  the  difficulty  is  by  doubling  the 
theoretical  discharging  force,  and  then 
accounting  by  an  ingenious  fiction  for 
the  fact  that  the  work  accomplished 
does  not  indicate  the  existence  of  the 
supposed  double  force. 

When  it  came  to  be  understood  that 
if  water  flowed  through  an  orifice  at  any 
given  velocity,  the  constant  force  that 
would  be  necessary  to  produce  that 
stream  would  be  twice  as  much  as  had 
been  previously  supposed  requisite,  then 
the  obvious  conclusion  should  have  been 
drawn  that  as  there  was  only  power  to 
do  half  the  work  expected,  therefore 
theoretically  only  half  the  work  could 
be  done.  In  place  of  which  the  opposite 
and  remarkable  theory  was  started,  that 
as  the  proposed  work  could  not  be  done 
without  double  the  available  power, 
therefore  that  force  must  somehow  exist 
or  ought  theoretically  to  exist.  It  was 
known  that  the  work  actually  accom- 
plished is  only  about  five-eighths  of  what 
the  imaginary  power  should  do,  and 
then  it  was  argued  that  this  must  be 
caused  by  the  obstruction  to  the  flow 
caused  by  the  stream  converging  towards 
the  orifice. 

An  esteemed  mathematical  friend  ex- 
plained his  idea  of  the  matter  to  me 
some  years  ago  by  saying  that  water 
flowing  through  an  orifice  in  a  thin  plate 
was  very  much  like  an  enlightened 
British  public  crushing  to  get  through  a 
door-way,  and  thus  getting  through  at  a 
slower  rate  than  if  they  arranged,  as  in 
some  countries,  to  approach  the  passage 
in  more  nearly  parallel  lines. 

This  ingenious  if  not  very  logical 
view  of  the  case  was  adopted  in  spite  of 
the  fact  that  the  vena  contracta  was  pro- 
claiming in  visible  language  how  nature 
had  arranged  to  overcome  (not  to  ignore, 
as  many  mathematicians  had  done)  the 
difficulty  of  reconciling  the  laws  of  mo- 
mentum writh  those  of  work  as  measured 
by  force  into  distance. 

The  fact  is,  it  is  about  as  difficult  to 
conceive  the  idea  of  water  flowing 
through  an  orifice  in  a  thin  plate  with- 
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out  a  vena  contracta  as  to  imagine  its 
getting  to  the  orifice  without  converg- 
ing stream  lines;  and  it  is  about  as 
logical  to  say  that  the  contraction  of 
the  vein  is  the  cause  of  the  converging 
stream  lines,  as  to  say  the  reverse.  They 
are  each  necessary  to  any  intelligent 
conception  of  how  the  action  of  water 
flowing  through  an  orifice  could  take 
place. 

Some  persons  may  think  that  dis- 
charging water  through  a  projecting 
tube  is  a  case  in  which  there  is  no  vena 
contracta;  but  it  might  just  as  well  be 
said  that  when  the  converging  stream 
lines  are  not  visible  they  do  not  exist; 
for  the  vena  contracta  takes  place  in  the 
tube  as  certainly  as  it  does  in  the  air, 
though  perhaps  it  is  slightly  larger. 

I  do  not  know  who  first  gave  expres- 
sion to  the  idea,  but  it  has  come  to  be  an 
accepted  proposition,  that  the  theoretical 
j  discharging  force  is  equal  to  the  area  of 
|  the  orifice  multiplied  by  twice  the  head. 
Now    supposing   that   this   statement 
I  were   substantially  correct,  there   is   an 
impropriety  in  speaking  about  twice  the 
head  acting  on  the  area  of  the  orifice  in 
place  of  the  head  acting  on  twice  the 
I  area  of  the  orifice  which,  to  say  the  least 
;  of  it,  is  extremely  unfortunate,  for  there 
is  no  doubt  it  has  done  incalculable  harm 
by  producing  con  fused  conceptions  on  this 
subject,  not  only  in  the  minds  of  begin- 
ners but  of  mathematicians  as  well. 

No  double  head  either  exists  or  had 
any  right  to  be  supposed  possible,  but 
the  actual  head  might  be  conceived  to 
act  on  double  the  area  of  the  orifice;  that 
is  to  say,  that  the  pressure  on  the  surface 
round  the  .orifice  might  be  conceived  to 
be  less  than  the  pressure  due  to  the  head, 
by  an  amount  which  would  be  equivalent 
to  that  pressure  acting  on  an  area  equal 
to  the  size  of  the  orifice. 

We  know  by  experiment  that  there  is  a 

reduction  of  pressure  equal  to  about  one- 

I  fourth  of  this,  and  we  should  have  been 

I  justified  in   anticipating  a  reduction  to 

some  extent;    but  it  seems  to  me,  that 

|  theory  has  no  more  right  to  take  this  into. 

S  account   on  the  one  hand  than  it  has  to 

I  take  friction  into  account  on  the  other, 

1  as    nothing   but    experiment    I    suppose 

could  give  us  the  least  idea  of  the  value 

of  either  factor. 

My  contention  is  as  follows:  1.  That 
the  theoretical  velocity  is  the  velocity 


242 


VAN  nostrand's  engineering  magazine. 


due  to  the  head,  since  otherwise  there 
would  be  a  disappearance  of  work  which 
was  potential  in  the  water;  2.  That  the 
theoretical  discharging  force  is  equal  to 
the  area  of  the  orifice  multiplied  by  the 
pressure  due  to  the  head;  3.  That  this 
force  could  only  produce  the  momentum 
that  would  be  generated  by  a  stream 
whose  sectional  area  was  half  the  size  of 
the  orifice,  and  the  velocity  of  which 
was  that  due  to  the  head;  and,  lastly, 
that  it  follows  that  the  theoretical  vena 
contracta  is  half  the  size  of  the  orifice. 

By  Mr.  Froude's  analysis  of  the  vena 
contracta,  brought  before  us  by  Sir  Wil- 
liam Thomson,  he  arrives  at  the  same 
conclusion  and  from  similar  premises, 
and  his  experiment  was  a  convincing 
argument  in  favor  of  the  soundness  of 
his  views,  but  his  demonstration  that 
half  the  size  of  the  orifice  is  the  true 
theoretical  vena  contracta,  is  not  the 
first  that  has  been  given. 

In  a  pamphlet  published  by  myself  in 
1866  I  argued  at  considerable  length, 
and  I  think  I  proved,  that  in  place  of 
the  convergence  of  the  current  towards 
the  orifice  being  the  cause  of  the  vena 
contracta,  it  was  more  correct  to  say 
that  it  accounted  for  the  fact  that  the 
vein  only  contracted  to  about  five- 
eighths  instead  of  to  half  the  size  of  the 
orifice,  which  was  the  true  theoretical 
vena  contracta. 

By  referring  now  to  Fig.   1  it  will  be 

Fig.  1. 
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easy  to  explain  the  original  method  of 
deducing  the  theoretical  discharge,  the 
mistake  that  was  made,  and  also  my 
method  of  determining  the  theoretical 
vena  contracta.  The  diagram  represents 
a  cistern  with  an  orifice  in  the  bottom 
of  it,  and  filled  with  water  to  the  height 
AH. 

Now  if  the  orifice  were  plugged  up, 
the  pressure  on  the  plug  would  be  equal 


to  the  area  of  the  orifice  multiplied  by 
the  pressure  due*"  to  the  head  A  H,  or 
equal  to  the  weight  of  the  column  of 
water  A  H;  and  this  weight  or  force 
was  considered  to  be  the  theoretical  dis- 
charging force,  which  I  also  say  it  is. 
If  the  plug  is  removed,  and  the  column 
A  H  is  allowed  to  descend  by  its  own 
weight,  then  by  the  the  time  the  top 
part  of  the  column  is  level  with  the 
orifice  it  will  have  acquired  the  velocity 
due  to  the  height  or  head  A  H. 

Again,  if  the  same  force  were  to  act 
on  a  portion  A  N,  which  we  will  sup- 
pose is  -th  of  the  column  A  H,  then  by 

the  time  that  the  top  N  arrives  at  the 
orifice  it  will  have  acquired  the  velocity 
due  to  head  A  H  as  in  the  first  case,  for 
we  should  have  n  times  the  proportional 

force  acting    for  — th    of    the   distance, 

which  would  generate  the  same  ve- 
locity as  the  total  weight  acting  through 
the  distance  A  H.  From  this  it  was 
argued  that  if  n  were  supposed  to  be 
indefinitely  large,  there  would  result  a 
constant  stream  through  the  orifice  at 
the  velocity  due  to  the  head.  In  this 
reasoning  it  was  overlooked  that  if  the 
whole  force  were  employed  in  giving 
velocity  to  the  portion  N  A  till  it  got 
into  the  position  A  B,  then  the  succeed- 
ing portion  taking  the  position  N  A 
would  be  stationary,  and  the  average 
velocity  of  each  portion  during  its  pas- 
sage through  the  orifice  would  only  be 
half  the  velocity  due  to  the  height  A  H. 

If  we  now  suppose  the  velocity  of 
each  part  to  remain  constant  after  it  has 
passed  through  the  orifice,  and  that 
velocity  is  twice  the  average  velocity 
during  its  propulsion  through  the  orifice, 
then  by  the  time  the  second  part  N  A 
had  got  into  the  position  A  B,  the  first 
part  would  be  in  the  position  C  D  at  a 
distance  B  C  equal  C  D  from  A  B. 

Then  we  should  ultimately  have  the 
space  below  the  orifice  filled  with  alter- 
nate equal  spaces  of  air  and  water;  but 
it  would  be  absurd  to  expect  an  inter- 
mittent action,  and  the  only  legitimate 
conclusion  that  we  should  have  a  right 
to  draw  if  we  had  not  seen  the  experi- 
ment, would  have  been  that  the  stream 
should  reduce  to  half  the  size  of  the 
orifice  in  a  theoretical  j>oint  of  view. 
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On  the  other  hand,  we  might  most 
reasonably  have  anticipated  that  there 
would  be  a  reduction  of  pressure  round 
the  orifice  which  would  by  so  much  in- 
crease the  discharging  force,  and  thus 
make  the  section  of  the  stream  at  the 
narrowest  part  somewhat  more  than  half 
the  size  of  the  orifice;  but  on  no  prin- 
ciple that  I  can  conceive  have  we  any 
right  to  assume  that  this  decreased  pres- 
sure should  be  equal  in  amount  to  the 
whole  weight  of  the  column  A  H,  and 
thereby  double  the  true  theoretical  force. 

Sir  William  Thomson  told  us  that  the 
calculation  of  the  vena  contractu,  had 
completely  baffled  mathematicians,  and  I 
am  not  surprised  to  learn  that  it  has  done 
so,  for  they  have  all  along  been  trying 
to  explain  why  it  is  so  small  in  place  of 
why  it  is  so  large.  I  cannot  say  whether 
or  not  it  is  within  the  scope  of  pure 
mathematics  to  calculate  the  actual  vena 
co nt racta  on  the  supposition  of  the  fluid 
being  theoretically  perfect,  but  it  does 
not  require  abstruse  mathematics  to  see 
when  a  question  like  this  is  turned  wrong 
end  foremost,  and  I  can  readily  imagine 
that  such  a  process  would  be  somewhat 
baffling  to  the  most  profound  thinkers. 

Had  Sir  William  Thomson  informed 
us  that  the  adoption  of  the  premises  on 
which  Mr.  Froude's  method  of  determin- 
ing the  theoretical  vena  contractu  is 
based,  would  require  the  inversion  of 
the  reasoning  hitherto  used  on  the  sub- 1 
ject,  and  that  even  the  adoption  of  his 
deduction  without  reference  to  how  it 
was  obtained  would  have  the  same  effect, 
there  would  have  been  little  occasion  for 
this  paper. 

But  as  far  as  I  could  judge,  it  did  not 
appear  to  have  occurred  to  him  that 
such  a  result  must  follow,  for  I  certainly 
understood  him  in  his  concluding  re- 
marks to  indicate  that  the  converging 
stream  lines  towards  the  orifice  were 
after  all  the  cause  of  the  contraction. 

Xow  if  the  theoretical  vena  contractu 
is  half  the  size  of  the  orifice,  then  what 
becomes  of  the  doctrine  that  is  all  but 
universally  held,  that  theoretically  the 
velocity  through  the  orifice  should  be 
that  which  a  heavy  body  would  acquire 
in  falling  a  distance  equal  to  the  head, 
when  of  course  there  would  be  no  vena 
contructu  at  all  ?  And  if  the  experi- 
mental vena  contractu  is  about  a  fourth 
part    larger    than  the   theoretical   size, 


what  becomes  of  the  explanation  usually 
given  that  the  contraction  is  caused  by 
the  obstructive  nature  of  the  converg- 
ing currents  ?  Both  propositions  cannot 
be  true. 

As  already  suggested,  a  great  deal  of 
the  darkness  that  has  enveloped  this 
subject  has  arisen  from  ignoring  the 
laws  and  even  the  very  idea  of  momen- 
tum, and  Mr.  Froude  has  done  good 
service  in  restoring  that  neglected  word 
and  idea  to  its  ancient  and  rightful 
position  in  the  consideration  of  this  sub- 
ject. 

The  argument  on  this  question  in  my 
pamphlet  was  conducted  in  words,  and 
was  not  so  concise  as  it  should  have 
been,  and  many  mathematicians  have  a 
difficulty  in  following  reasoning  which 
is  not  expressed  in  algebraical  form,  yet 
I  am  somewhat  surprised  that  what  was 
published  and  in  the  hands  of,  to  my 
own  knowledge,  several  leading  mathe- 
maticians nearly  ten  years  ago,  and  was 
then  thought  to  be  nothing  new,  should 
be  brought  forward  now  as  a  novel  and 
beautiful  discovery,  and  that  this  should 
arise  entirely  through  the  arguments 
then  and  now  being  attired  in  a  different 
dress. 

I  am  more  particularly  surprised  that 
Mr.  Froude  should  have  been  so  long  in 
coming  to  the  conclusion  he  has  lately 
done,  because  in  conversation  with  him 
about  nine  years  ago,  when  I  gave  him 
one  of  my  pamphlets,  I  found  that  our 
views  about  the  flow,  not  only  of  liquids 
but  of  gases,  coincided  almost  exactly. 
Among  other  things  we  both  held  what 
I  think  I  may  safely  say  was  then  the 
very  advanced  opinion,  that  when  dis- 
charging through  a  compound  nozzle, 
consisting  of  a  suitable  converging  and 
diverging  part,  that  it  was  theoretically 
possible  with  an  indefinitely  small  head 
to  produce  a  perfect  vacuum  in  the 
throat;  at  least  that  was  my  view  of  the 
matter,  and  he  certainly  held  views  that 
directly  led  to  that  conclusion,  if  he  had 
not  then  quite  adopted  it. 

The  experiments  of  Mr.  Moreton  and 
of  Mr.  Brownlee,  by  which  they  ob- 
tained a  vacuum  in  the  throat  of  from 
five  to  six  times  the  primary  head,  have 
gone  far  to  prove  that  this  view  was  cor- 
rect; but  it  seems  odd  that,  holding  this 
opinion  at  that  time,  Mr.  Froude  did  not 
sooner  reduce   into    mathematical    Ian-* 
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guage  the  demonstration  that  I  had 
given  that  half  the  size  of  the  orifice 
was  the  true  theoretical  vena  contracta. 

I  now  propose  to  demonstrate  that 
the  vena  contracta  is  caused  directly  by 
the  increasing  velocity  between  the 
orifice  and  the  vena  contracta  ;  that  this 
increasing  velocity  arises  from  decreas- 
ing pressure  for  the  same  distance,  and, 
therefore,  that  the  vena  contracta  is  not 
caused  by  the  convergence  of  the  stream 
towards  the  orifice  on  the  other  side 
of  it. 

This  last  statement  must  be  under- 
stood in  the  sense  that  the  converging 
stream  lines  do  not  act  as  an  impediment, 
and  reduce  the  actual  discharge  below, 
the  theoretical  quantity.  In  one  sense 
the  convergence  of  the  stream  towards 
the  orifice  is  the  cause  of  the  vena  con- 
tracta, for  without  the  converging  stream 
lines  the  pressure  in  the  contracting  vein 
could  not  be  kept  up;  but  on  the  other 
hand  neither  could  the  flow  take  place, 
when  the  whole  question  would  collapse. 

My  argument  consists  of  only  a  few 
steps,  and  each  of  them  seems  to  me  to 
be  beyond  dispute. 

1.  We  know  experimentally  that  the 
vein  contracts  for  some  distance  outside 
of  the  orifice,  and  that,  therefore,  the 
velocity  increases  for  the  same  distance. 

2.  We  know  that  it  is  a  law  of  nature 
that  nothing  but  greater  pressure  on  one 
side  of  a  particle  than  on  the  other  can 
alter  its  velocity. 

3.  It  follows  that  there  must  be  in- 
ternal pressure  in  the  contracting  vein, 
which  gradually  diminishes  throughout 
the  contracting  part. 

Having  arrived  at  this  certain  con- 
clusion we  can  reverse  the  reasoning  as 
follows: 

1.  We  are  certain  that  there  is  in  all 
the  contracting  part  of  the  stream  an 
internal  and  decreasing  pressure  from 
the  orifice  to  the  vena  contracta. 

2.  We  know  that  the  decreasing  pres- 
sure must  produce  increasing  velocity, 
which  must  produce  gradual  diminution 
of  the  section  of  the  stream. 

3.  We  know  that  nothing  but  de- 
creasing pressure  can  produce  the  in- 
crease in  the  velocity  which  is  essential 
for  the  contraction  of  the  vein. 

4.  It  follows  that  the  convergence  of 
the  stream  lines  towards  the  orifice  can- 


not be  the  cause  of  the  vena  contracta 
(Q.  E.  D). 

Diagram  2  represents  the  actual  shape 
that  water  would  take  when  flowing 
through  the  orifice  from  a  head  A  H. 

Fig.  2. 
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Now  no  one  will  dispute  the  state- 
ment that  from  the  vena  contracta  B  to 
the  position  C,  the  decrease  in  the  cross 
section  of  the  stream  is  caused  entirely 
by  the  increasing  velocity;  surely  then 
we  have  a  right  to  suppose,  unless  it  can 
be  proved  to  the  contrary,  that  the  same 
cause  produces  the  diminution  in  the 
remaining  part  A  B  of  the  stream. 

In  this  reasoning  I  have  left  out  of 
account  a  small  effect  that  would  be 
produced  in  the  way  of  contracting  the 
vein  which  would  result  from  the  centre 
part  of  the  stream  moving  at  a  greater 
velocity  than  the  outer  parts  of  it,  but 
the  effect  of  this  must  be  very  small  in 
proportion  to  the  total  effect  produced. 

Independently  of  all  that  has  been 
said  here  on  the  subject,  there  is  experi- 
mental proof  that  the  rushing,  of  the 
liquid  particles  towards  the  orifice  does 
not  appreciably,  if  at  all,  cause  any  ob- 
struction to  the  flow. 

The  experiments  of  Venturi  showed 
that  water  flows  through  the  vena  con- 
tracta at  about  97^  per  cent,  of  the 
velocity  due  to  the  head,  which  shows 
that  an  orifice  in  a  thin  plate  is  within  a 
little  of  being  a  perfect  arrangement  for 
discharging  water  without  loss,  in  place 
of  causing  about  35  per  cent,  of  loss  as 
is  generally  supposed,  for  if  there  were 
anything  of  the.  nature  of  obstruction 
to  the  flow  it  would  most  certainly  be 
exhibited  in  the  loss  of  velocity  of  efflux. 

If  nearly  the  whole  potential  work  in 
a  mass  of  water  at  a  height  h  is  ex- 
hibited by  the  velocity  which  an  equal 
mass  of  water  acquires  in  being  dis- 
charged from  a  head  h,  it  follows  that 
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there  has  been  very  little  obstruction  to 
the  flow.  The  fact  is,  that  with  an  orifice 
in  a  thin  plate  nature  is  allowed  free 
play,  takes  her  own  course,  and  when 
we  come  to  look  at  it,  a  very  natural 
and  almost  the  only  conceivable  course; 
she  produces  part  of  the  velocity  on  one 
side  of  the  orifice  and  part  of  it  on  the 
other  side,  but  to  call  that  arrangement 
obstruction,  and  to  say  that  nature 
would  have  shown  herself  more  of  a 
mathematician  if  she  had  arranged  to 
do  all  the  work  on  one  side  of  the 
orifice,  seems  to  me  to  be  perfectly  un- 
warrantable; and  I  heartily  thank  Mr. 
Froude  for  demonstrating,  in  mathe- 
matical language,  the  fallacy  of  the 
reasoning  by  which  these  conclusions 
were  arrived  at.  The  inversion  of  reason- 
ing that  has  taken  place  with  regard  to 
the  subject  of  these  remarks  is  some- 
thing quite  unique  and  complete. 

First  of  all  a  theory  is  adopted,  which 
makes  out  that  a  certain  amount  of 
work  should  be  done;  then  a  double- 
headed  phantom  is  invented  to  do  the 
proposed  work;  then  because  the  work 
is  in  reality  not  done,  it  is  argued  that 
that  arises  mainly  from  the  fact  that 
the  phantom  is  in  such  a  hurry  to  do  its 
work  that  it  trips  itself  up  and  blocks 
up  the  orifice  it  is  trying  to  get  through. 
Finally,  the  convergence  of  the  stream 
lines  towards  the  orifice,  which  is  abso- 
lutely necessary  for  the  very  existence 
of  even  a  shadow  of  the  phantom,  is 
accused  of  creating  so  much  obstruction 
on  that  side  of  the  orifice  as  to  cause  a 
large  amount  of  work  to  be  done  on  the 
other  side  of  it. 

In  reality  about  sixty  per  cent,  of  the 
work  of  producing  velocity  is  done  out- 
side of  the  orifice,  and  this  work  is  tried 
to  be  accounted  for  by  obstructions  on 
the  inner  side  of  it.  To  me  this  seems 
one  of  the  most  astonishing  conclusions 
to  arrive  at  that  could  possibly  be  con- 
ceived. 

Appendix. 

When  it  is  stated,  as  is  generally 
done,  that  the  experimental  discharge 
through  an  orifice  in  a  thin  plate  is  about 
five-eighths  of  the  theoretical  quantity, 
this  must  mean,  if  it  means  anything, 
that  about  three-eighths  of  the  theore- 
tical power  is  lost  by  obstructions  which 
theory  does  not  take  into  account.     A 


similar  remark  applies  to  the  hitherto 
accepted  dictum,  that  when  the  dis- 
charge is  through  a  tube  projecting  in- 
wards the  actual  discharge  is  about  half 
of  the  theoretical  quantity,  which  must 
mean  that  in  this  about  half  the  theo- 
retical power  is  lost. 

Sir  William  Thomson  brought  before 
us  four  weeks  ago,  and  accepted  as  cor- 
rect, the  views  of  Mr.  Froucle  about  the 
latter  case.  According  to  these  views 
regarding  the  case  of  an  introverted 
tube,  the  theoretical  discharging  force 
has  been  hitherto  assumed  to  be  double 
that  which  a  true  theory  would  give, 
and  by  making  this  alteration  it  is  found 
that  the  theoretical  vena  contractu  and 
discharge  nearly  agree  with  the  experi- 
mental ones. 

If  this  is  correct  then  there  is  no  loss 
whatever  from  the  convergence  of  the 
stream  in  this  case,  in  place  of,  as  is 
generally  considered,  there  being  about 
half  the  power  lost,  and  a  fortiori, 
neither  is  there  any  loss  in  the  case  of 
an  orifice  in  a  thin  plate  where  it  was 
supposed  that  three-eighths  of  the  power 
was  lost. 

What  Mr.  Froucle  has  done  for  one 
particular  case,  I  did  in  general  in  the 
pamphlet  referred  to  in  my  paper.  I 
may  have  been  wrong  in  including  too 
much,  but  if  so,  then  for  an  orifice  in  a 
thin  plate  there  is  neither  theoretical 
discharging  force  nor  theoretical  dis- 
charge, and  if  this  be  so,  then  the  state- 
ment that  the  experimental  discharge  is 
about  five-eighths  of  the  theoretical 
quantity  is  absolutely  meanless,  for  the 
theoretical  force  must  either  be  the  area 
of  the  outlet  X  by  the  head  or  by  twice 
the  head;  there  appears  to  be  no  medium 
between  the  two.' 

No  rational  explanation  has  yet  been 
given  of.  the "  supposed  loss  of  about 
three-eighths  of  the  power  according  to 
the  common  theory.  I  have  given  a 
simple  explanation  of  the  discrepancies 
between  the  deductions  of  my  theory 
and  experimental  results ;  when  some 
one  has  done  the  same  with  regard  to 
the  ordinary  theory,  it  will  then  be  time 
to  discuss  which  is  the  right  one,  if 
either  is  right;  but  if  neither  is  right, 
then,  if  mine  is,  as  it  has  been  called, 
"  a  monstrous  absurdity,"  the  common 
one  must  be  a  much  more  monstrous 
absurdity. 
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HINTS  FKOM  AMERICAN  ARCHITECTURAL  PRACTICE.* 


By  WILLIAM  FOGEKTY,  F.  E.  I.  B.  A. 


A  weiter  in  the  Times  a  few  years 
back,  remarked  on  the  cosmopolitan 
character  which  attaches  to  some  pro- 
fessions as  compared  with  others  that 
are  of  necessity  more  localized.  As  in- 
stances of  the  latter  he  adduced  the  law, 
which,  however  brilliant  may  be  the 
prospects  it  holds  out  to  its  successful 
votaries,  has  its  fields  for  exertion  limit- 
ed by  the  differing  systems  of  jurispru- 
dence which  prevail  in  different  coun- 
tries. A  Dublin  barrister  or  solicitor, 
if  obliged  to  transfer  his  sphere  of  prac- 
tice to  New  York,  or  even  to  Quebec  or 
Melbourne,  would  find  a  large  part  of  his 
knowledge  and  experience  of  little  use. 
Not  so,  however,  with  a  physician  or 
surgeon,  whose  knowledge  of  the  human 
frame  and  its  ailments  would  be  of  equal 
service  in  any  part  of  the  world.  These 
latter  professions  accordingly  are  classed 
as  cosmopolitan,  and  in  the  same  cate- 
gory the  writer  above  mentioned  reckons 
our  own  and  the  kindred  one  of  the  en- 
gineer. As  the  laws  of  matter  and  mo- 
tion and  the  principles  of  taste  are  the 
same  all  over  the  word,  the  architect  or 
engineer,  provided  he  be  originally 
possessed  of  adequate  capacity,  will  be 
in  no  way  disconcerted  by  having  a  new 
field  of  practice  open  before  him,  but 
having  devoted  a  brief  space  to  acquire 
a  knowledge  of  the  local  materials,  will 
find  his  old  training  and  experience  of 
the  fullest  value  in  enabling  him  to  util- 
ize them.  Differing  requirements  of  cli- 
mate and  custom,  so  far  from  being  ob- 
stacles in  the  way  of  a  competent  archi- 
tect, will  rather  suggest  to  him  new 
modes  of  construction  and  forms  of  de- 
sign, and  make  it  less  difficult  for  him  to 
achieve  something  novel,  than  where  the 
conditions  to  be  observed  are  unvarying. 
And  it  is  hard  if  the  practice  of  archi- 
tects who  have  thus  labored  to  transplant 
European  architecture  to  the  soil  of 
other  continents,  does  not  suggest  to 
them  at  least  some  few  ideas  which 
might  with  advantage  be  engrafted  on 
home  practice  also.  It  is  to  the  consid- 
eration of  some   such,  suggested  to  the 

*  A  paper  read  before  the  Architectural  Association  of 
Ireland,  January  27th,  18T6. 


writer  during  nearly  three  years'  resi- 
dence and  practice  in  the  United  States, 
that  your  attention  is  invited  this 
evening. 

In  a  former  paper*  on  American  Archi- 
tecture, I  referred  to  the  fact  that 
American  town  houses  formed  by  far  the 
most  satisfactory  class  of  buildings  to  be 
seen  on  that  continent.  The  conditions 
of  social  life  which  prevail  there  have 
led  to  their  development  to  a  greater  ex- 
tent than  is  now  usual  in  most  of  our 
cities,  and  may  be  compared  in  their  re- 
sults to  those  which  at  one  period  of  our 
history  caused  Dublin  to  be  filled  with 
stately  town  mansions,  now,  alas  !  de- 
serted by  their  lordly  occupants,  and  re- 
legated to  the  uses  of  schools,  ware- 
houses, charitable  institutions,  and  gov- 
ernment offices.  The  town  houses  of  the 
American  cities  are  nearly  on  the  same 
scale  as  these  once  aristocratic  mansions 
of  ours,  but  are  finished  and  fitted  up 
with  a  modern  completeness  fairly  com- 
mensurate with  the  general  advance  in 
the  industrial  arts  which  the  world  has 
made  in  the  interim.  One  of  the  most 
noticeable  features  about  them  (which 
applies  also  to  other  classes  of  building) 
is  the  completeness  of  their  systems  of 
heating.  This  has  doubtless  been  en- 
forced by  the  rigor  of  the  climate  in 
winter,  and  necessity  has  proved  here,  as 
in  so  many  other  instances,  u  the  mother 
of  invention."  Compared  with  the  im- 
perfect and  wasteful  manner  in  which 
our  houses  and  public  buildings  are 
warmed,  one  is  led  to  the  conclusion  that 
the  mildness  of  our  winter  has  allowed 
us  to  fall  into  utter  supineness  and  neg- 
lect on  the  subject.  And  yet  we  have 
plenty  of  cold  and,  what  is  worse,  damp 
weather  here  to  make  it  important  for  us 
to  attend  to  it.  What  can  be  more  pre- 
posterous than  to  find  the  halls,  stair- 
cases, passages,  and  often  the  bedrooms 
of  a  house  or  hotel  destitute  of  any  pro- 
vision for  warming  them,  and  consequent- 
ly filled  with  as  cold  and  damp  an  at- 
mosphere as  prevails  outside,  while  a 
few  of  the  living  rooms  are  warmed  by 
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defective 

system,   is 

architect- 


open  fireplaces  only,  which  just  give  a 
comfortable  seat  or  two  in  their  im- 
mediate vicinity — the  traditional  "  chim- 
ney corner," — and  which  are  certain  to 
draw  powerful  currents  of  cold  air 
towards  them  whenever  the 
opened?  The  effect  of  this 
system,  or  rather  want  of 
seen  in  our  internal  domestic 
ure,  which  is  cramped  or  confined  as 
compared  with  either  American  or  con- 
tinental European.  Our  doors  are  mis- 
erably small,  and  have  to  be  placed  in 
lop-sided  positions,  with  a  total  disre- 
gard of  symmetry.  Draughts  have  to 
be  guarded  against  by  frequent  cross 
door-ways,  and  the  most  careful  adjust- 
ment given  to  the  relative  positions  even 
of  articles  of  furniture  in  the  rooms,  as 
may  be  seen  by  the  planning  in  Pro- 
fessor Kerr's  "  Gentleman's  House," 
simply  to  make  what  was  originally  bad 
tolerable. 

Now,  in  the  American  houses  aud 
hotels,  the  moment  one  crosses  the 
threshold  he  enters  a  mild  and  equable 
temperature,  which  prevades  every  part 
of  the  house,  and  permits  the  internal 
doors  all  through  to  be  left  open  or  shut  | 
independently  of  any  considerations  of 
temperature.  It  also  permits  of  much 
more  spacious  and  symmetrical  door- 
ways being  used  than  with  us  ;  and,  in 
fact,  one  of  the  most  striking  features  to 
a  British  islander,  on  his  first  arrival,  is 
the  superior  dimensions  and  elegance  of 
the  doorways,  which  are  generally  nine 
feet  or  ten  feet  high,  and  six  feet  or 
eight  feet  wide,  circular-headed,  in  two 
leaves,  either  folding  or  sliding.  The 
details  of  the  methods  by  which  this 
equable  temperature  is  maintained  vary 
somewhat,  and  to  discuss  them  properly 
would  require  a  volume  by  itself.  Vast 
advances  have  been  made  in  them  dur- 
ing the  last  few  years,  so  as  to  obviate 
most  of  the  objections  which  have  caused 
so  much  prejudice  to  exist  amongst  us 
against  any  other  system  of  heating  but 
the  open  fire-place.  For  example,  some 
years  back  the  use  of  stoves  in  American 
houses  was  very  general,  somewhat  like 
those  we  see  still  on  the  continent  of 
Europe ;  the  dry,  sulphurous  heat  evolved 
by  them  was  very  disagreeable,  and  they 
were  denounced  by  Mr.  Anthony  Trol- 
lope  and  other  English  travelers  as  being 
the  chief  and,  as  he  calls  them,  "  accurs- 


ed" means  of  destroying  the  complex- 
ions of  the  American  ladies.  Be  that  as 
it  may,  such  stoves  are  no  longer  to  be 
seen  in  well-appointed  American  houses. 
They  are  now  heated  either  by  a  hot-air 
apparatus  in  the  basement,  or  more 
commonly  in  the  "  sub-cellar,"  communi- 
cating by  means  of  flues  with  openings 
into  each  important  room,  or  else  by 
steam  ;  not  so  often  by  hot  water.  In 
fact,  steam  heating  seems  to  have  been 
brought  to  greater  perfection  there  than 
anywhere  else  I  know  of,  and  as  it  ad- 
mits of  much  smaller  pipes  being  used 
than  with  water,  and  does  not  take  so 
long  to  circulate,  it  possesses  great  ad- 
vantages, and  is  well  worthy  of  further 
attention  at  this  side.  The  chief  volume 
of  heated  air  is  arranged  to  be  thrown 
into  the  halls  and  passages  (the  coldest 
parts  with  us),  and  in  order  to  its  diffu- 
sion to  any  rooms  which  may  not  have 
special  connection  with  the  apparatus, 
such  as  smaller  bedrooms  and  closets, 
fanlights  moving  on  hinges,  are  placed 
over  all  the  doorways — an  arrangement 
equally  serviceable  for  diffusion  of  light 
as  well  as  air.  The  upper  panels  of 
doors  are  also  very  often  of  ground  plate- 
glass,  in  ornamental  patterns,  which  is 
not  only  very  elegant  in  appearance,  but 
secures  that  the  corridors  and  passages 
enjoy  much  better  light  than  they  would 
otherwise  have.  The  halls,  stairs  and 
passages  are  handsomely  furnished  and 
carpeted,  and  are  generally  quite  as 
agreeable  lounging  places  as  the  sitting- 
rooms,  to  which  they  are  thrown  open 
by  the  large  folding  doors  already  re- 
ferred to,  to  a  much  greater  extent  than 
prevails  with  us. 

A  comparison  of  the  plans  of  some 
American  houses  herewith  submitted, 
and  an  inspection  of  some  of  the  details 
of  internal  doorways,  will  show  the 
operation  of  these  causes.  Under  a 
mode  of  heating  by  open  fireplaces  only, 
such  plans  and  details  would  be  inadmis- 
sible ;  but  when  once  a  proper  system  of 
general  warming  is  applied,  the  archi- 
tect is  at  liberty  to  deal  with  his  internal 
plan  and  details  in  a  much  more  symme- 
trical and  spacious  manner  than  before. 

It  will  be  observed  also  that  the  open 
fireplace  is  still  retained  in  the  principal 
rooms  ;  nor  do  I  by  any  means  advocate 
its  discontinuance.  I  regard  it,  however, 
as  a  useful  supplement  to  a  more  com- 
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prehensive  system  of  heating  which 
ought  to  be  contrived  for  every  well- 
planned  dwelling  house  or  public  build- 
ing. And  no  such  system  should  be 
adopted  without  at  the  same  time  ar- 
ranging for  a  complete  system  of  venti- 
lation. 

The  next  point  to  which  I  shall  advert 
is  the  extent  to  which  plumbing  and  en- 
gineering are  applied  to  buildings,  and 
especially  dwelling  houses,  so  as  to  ob- 
viate the  necessity  for  a  large  number  of 
servants  and  the  use  of  detached  pieces 
of  crockery  ware  in  the  bed  and  dress- 
ing rooms.  To  this,  too,  the  Americans 
have  been  led  by  the  difficulty  of  pro- 
curing competent  domestic  servants. 
This  is  indeed  the  great  trouble  of  Amer- 
ican housekeepers,  and  drives  so  many 
respectable  people  to  live  in  hotels  and 
boarding-houses  rather  than  in  their  own 
homes,  but  besides  this  it  renders  it  im- 
portant that  houses  shall  be  contrived  so 
as  to  require  the  least  possible  number 
of  servants  to  attend  to  them.  And  I 
am  not  clear  but  that  we  are  coming  to 
a  similar  set  of  conditions  here.  The 
cost  of  domestic  service  has  largely  ad- 
vanced with  us  during  the  last  few  years, 
and  still  the  complaint  of  householders 
is  that  really  good  servants  are  hard  to 
be  obtained  at  any  price.  In  the  mean 
time  great  advances  have  been  made 
both  with  us  and  the  Americans  in  the 
mechanical  arts,  in  plumbing  and  engin- 
eering especially,  and  all  our  great  cities 
are  now  blessed  with  an  abundant  supply 
of  water;  so  why  should  we  not  advance 
with  the  times,  and  cease  to  entail  upon 
our  housemaids  the  necessity  of  carrying 
water,  and  filling  and  emptying  ewers 
and  basins  by  hand,  which  can  all  be  ac- 
complished almost  instantaneously  by  a 
few  simple  and  well  understood  arrange- 
ments ? 

In  every  well  -  appointed  American 
house  each  bedroom  or  dressing-room 
has  a  fixed  basin-stand  (and  often  a 
bath)  provided,  to  which  hot  and  cold 
water  are  constantly  laid  on.  Besides 
the  constant  saving  of  service  effected 
by  this,  there  is  a  great  saving  of  time 
and  increase  of  comfort,  and  the  supply 
is  much  more  plentiful  than  when  it  has 
to  be  brought  up  by  hand.  There  is  also 
a  great  saving  in  furniture,  and  I  venture 
to  say  the  cost  of  detached  basin-stands 
and  crockery  ware  all  through  a  house 


would  go  a  long  way  to  defray  the  ex- 
pense of  fixed  appliances  such  as  the 
Americans  use.  The  completeness  and 
elegance  with  which  they  are  fitted  up 
leaves  nothing  to  be  desired,  and  the 
regularity  with  which  they  work,  even 
through  the  hard  frosts  which  prevail 
there,  proves  conclusively  the  high  de- 
gree of  perfection  to  which  they  have 
developed  the  plumber's  art,  and  should 
encourage  us  in  the  endeavor  to  intro- 
duce such  an  obvious  and  desirable  im- 
provement here. 

While  referring  to  furniture,  I  am  led 
to  notice  another  particular  in  which 
American  houses  furnish  us  with  a  use- 
ful hint,  namely,  that  a  large  number  of 
things  which  with  us  form  separate  and 
cumbrous  pieces  of  furniture,  costly  in 
themselves,  difficult  of  removal,  and  often 
impossible  to  arrange  comfortably  in  a 
room,  are  with  them  planned  and  built 
with  and  into  the  house.  Of  this  class 
especially  are  bookcases,  sideboards,  mir- 
rors, presses  and -wardrobes,  plate-chests, 
and  ice-boxes  or  refrigerators,  which, 
when  thus  contrived,  can  be  fitted  into 
numerous  spaces  otherwise  likely  to  be 
wasted,  and  can  be  also,  and  are  in 
America,  designed  and  executed  in  har- 
mony with  the  general  finish  of  the  in- 
terior of  the  house.  Now  surely  this 
arrangement  is  well  worthy  of  imitation. 
What  can  be  more  absurd  than,  when 
once  the  architect  has  issued  his  final 
certificate  and  the  builder  has  departed, 
to  see  huge  vans  disgorging  loads  of 
heavy  articles  of  furniture  at  the  door 
of  a  new  house,  often  utterly  out  of 
character  with  its  architectural  style, 
and  often  also  impossible  to  be  fitted 
into  the  rooms,  without  blocking  up 
doors  and  windows,  while  numberless 
tidy  recesses  remain  in  the  mansion 
blank  and  bare,  which,  by  a  little  judg- 
ment and  forethought,  might  be  hand- 
somely and  neatly  fitted  up  so  as  to  dis- 
pense with  the  necessity  of  heaving  in 
these  huge  and  unwieldy  masses  ?  I  be- 
lieve true  economy  in  this  case,  as  in  the 
last,  is  decidedly  in  favor  of  the  Ameri- 
can practice,  and  the  possibilities  of 
artistic  effect  and  completeness  even  more 
strongly  so.  Great  variety  and  sym- 
metry can  be  given  to  the  forms  of 
rooms  by  the  judicious  planning  of  such 
things  as  I  refer  to,  which,  as  they  will 
be  required  sooner  or   later,    might   as 
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well  be  designed  and  arranged  by  the 
architect,  and  executed  under  his  direc- 
tion, as  ordered  from  some  cabinetmaker 
independent  of  him,  and  often  totally  at 
variance  with  the  character  of  his  build- 
ing. 

I  might  include  amongst  the  mechani- 
cal appliances  which  the  Americans  have 
brought  into  use  with  much  skill  and  ef- 
fect in  their  town  houses,  lifts  or  ele- 
vators for  dishes  and  luggage.  Every 
well-appointed  house  in  New  York  has 
one  or  more  of  these,  from  the  kitchen 
to  the  serving-room  as  a  matter  of  course, 
and  also  from  the  basement  or  entrance- 
hall  to  the  attic,  for  luggage.  These,  as 
well  as  the  plumbing  work  already  re- 
ferred to,  having  become  general,  have 
been  gradually  improved  so  as  to  ap- 
proach as  near  as  possible  to  perfection 
in  their  operation.  The  same  may  be 
said  of  passenger  elevators,  which  are  in 
extensive  use  in  all  the  American  cities, 
and  with  which,  of  course,  we  have  some 
practical  acquaintance  here ;  but  it  must 
be  admitted  that  ours  are  not  to  be  com- 
pared to  those  in  use  in  America,  either 
in  the  extent  to  which  they  are  applied, 
or  in  the  simplicity  and  smoothness  of 
their  working. 

Another  noteworthy  instance  in  which 
the  Americans  have  brought  both  me- 
chanical skill  and  artistic  taste  to  bear 
on  domestic  architecture,  has  reference 
to  the  style  of  their  hinges  and  other 
door  furniture.  The  forms  of  these  cus- 
tomary with  us  and  the  manner  in  which 
they  are  applied,  are  both  essentially 
commonplace  and  linartistic.  What  can 
be  more  disagreeably  matter-of-fact  than 
an  ordinary  butt  hinge,  except,  indeed, 
the  transparent  fiction  usually  attempted 
by  the  house-painter,  who  generally  tries 
to  paint  or  grain  it  over  as  if  it  was  part 
of  the  woodwork  of  the  door?  When- 
ever a  door  or  pair  of  doors  is  wanted 
to  fold  right  round,  there  seems  no  bet- 
ter means  of  accomplishing  this  result 
than  by  using  double  width  butt  hinges, 
projecting  in  all  their  hideous  nakedness 
beyond  the  architraves.  Since  the  re- 
vival of  Gothic  architecture  there  has 
been,  to  be  sure,  some  attempt  to  intro- 
duce an  artistic  element  into  hinge-work, 
though  even  here  it  is  too  often  confined 
to  planting  on  sham  branches,  the  butt 
hinge  keeping  its  own  place;  but  in  our 
classic  architecture  the  subject  remains 


untouched.  Now  compare  this  state  of 
things  with  the  forms  of  hinges  intended 
for  and  used  in  ordinary  house-work,  and 
bear  in  mind  the  fact  that  these  are  usu- 
ally silver-plated,  and  kept  brightly  bur- 
nished, and  you  will  agree  with  me,  I 
think,  that  in  this  particular  the  Ameri- 
cans are,  as  they  put  it  themselves,  de- 
cidedly "ahead  of  us."  The  effect  of 
these  hinges  shining  on  the  dark  polish- 
ed walnut  in  general  use  for  the  doors 
and  architraves  is  very  fine,  reminding 
one  very  much  of  jewelry  on  a  lady's 
silk  dress.  As  I  understand,  the  Ameri- 
can manufacturers  are  now  turning  out 
hardware  at  prices  such  as  to  compete 
fairly  with  Birmingham  or  Sheffield,  and 
certainly  the  forms  of  their  hinges  and 
other  door  furniture  are  far  superior  to 
anything  to  be  had  from  those  places — 
I  think  it  would  be  worth  while  for  some 
of  our  enterprising  hardware  merchants 
here  to  open  communication  with  some 
of  them,  and  let  us  have  the  opportunity 
of  trying  their  work  on  some  of  our 
buildings. 

The  finish  of  the  stairs  in  American 
buildings  is  much  more  elaborate  and 
artistic  than  is  usual  with  us  ;  and  here, 
too,  we  may  derive  some  useful  hints. 
Look  for  a  moment  at  the  ordinary  finish 
of  stairs  with  us.  Sir  Gilbert  Scott,  in 
his  work  on  "  Gothic  Architecture,  Secu- 
lar and  Domestic,"  thus  describes  it  : — 
"An  ordinary  staircase  such  as  people 
are  in  the  habit  of  dubbing  'handsome' 
without  thinking  it  so,  is  after  all  a  very 
dull  thing  :  your  neat  steps  with  mould- 
ed nosings — with  neat  cast-iron  or  bronze 
balusters  and  French  polished  mahogany 
rail  screwed  round  like  a  cornu-ammonis 
at  the  foot,  is  an  excellent  thing  in  its 
way,  and  far  be  it  from  me  to  say  a  word 
against  so  time-honored  a  contrivance. 
Let  us  speak  well  of  the  bridge  which 
carries  us  safe  over  the  stream,  and  on 
the  same  principle  think  gratefully  of 
the  staircase  which  conducts  us  so  pleas- 
antly to  the  drawing-room.  All  I  have 
to  say  against  it  is,  that  with  all  its  prac- 
tical good  qualities,  there  is  a  sleepy, 
self-satisfied  look  about  it  which  no  one 

would  like  to  disturb." 

"It  does  its  duty  so  well,  and  so  neatly 
and  unobtrusively,  that  it  is  really  a 
shame  to  find  fault  with  it;  all  that  I  ask 
is  to  give  it  a  fillip  just  to  make  it  brush 
up  and  look  more  lively."     He  then  pro- 
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ceeds  to  advise  how  Gothic,  and  espe- 
cially  Elizabethan,  architecture  afford 
opportunities  for  improving  on  this  type  ; 
by  the  use  of  a  "  bold  moulded  string  | 
carved — the  stately  newels  surmounted 
possibly  by  figures — the  massive  rail 
moulded  to  fit  well  to  the  hand — the 
balustrade  formed  either  of  individual 
balusters,  arcading,  tracery,  or  of  con- 
tinuous open  scroll-work;"  also  "  by  the 
introduction  of  inlaid  woods,  a  mode  of 
enrichment  too  much  overlooked  in  our 
Gothic  works." 

Now  all  these  valuable  ideas  have  been 
apparently  well  known  to  and  acted  on 
by  the  Americans  for  a  long  time  past, 
and  that,  too,  without  departing  from 
the  spirit  of  Classic  or  Renaissance 
architecture,  which  as  yet  is  their  favor- 
ite. The  stairs  of  American  houses  are 
really  beautiful  and  elaborate  pieces  of 
work,  usually  intrusted  to  a  specialist  in 
that  line,  called  a  "  stair  builder,"  who 
apparently  has  far  distanced  his  progeni- 
tor, the  "  staircase  hand,"  amongst  our- 
selves. 

The  external  doorways,  especially  of 
the  town  houses,  next  demand  notice,  as 
they  form  very  imposing  and  attractive 
features  in  American  houses,  while  so 
miserably  bald  and  uninviting  with  us. 
I  am  inclined  to  think  the  architects  or 
builders  who  erected  the  many  stately 
aristocratic  mansions  of  the  past  age  in 
Dublin,  already  referred  to,  had  much 
better  ideas  on  that  subject  than  those 
which  have  since  become  prevalent.  At 
least,  if  we  look  about  for  a  dignified 
and  effective  doorway,  we  are  far  more 
likely  to  hit  on  one  of  them  than  on  one  of 
our  newest  productions.  There  are  bold 
and  effective  doorways  to  Powerscourt 
House  (now  Messrs.  Ferrier  and  Pol- 
lock's), Charleville  House  (now  the  Ro- 
man Catholic  University),  and  Avonmore 
House  (now  the  United  Service  Club), 
also  to  many  other  old  mansions;  but  the 
builders  of  more  recent  town  houses 
seem  to  have  had  no  better  idea  of  a 
principal  entrance-door  than  a  plain 
semi  circular  or  semi-elliptical  arched 
opening.  The  American  town  houses, 
small  and  great,  have  nearly  always 
handsome  doorways,  with  more  or  less 
of  architectural  character,  and  of  spa- 
cious dimensions,  the  outer  door  in  two 
folds  opening  at  right  angles  to  the 
front,  and  forming  a  most  useful  and  in- 


viting recessed  porch,  with  a  pair  of  in- 
ner glazed  doors  within.     The  paneling 
and   mouldings  are   really  elegant  and 
varied,  instead  of  the  regular  old  four- 
panel  or  six-panel  that  we  ought. to  be 
sick  of  by  this  time,   and  the  material 
commonly  oak,  walnut,  or  other  orna- 
mental hard  wood.     I  am  aware  that  a 
prejudice  exists  here  against  anything 
like  style  in  a  hall-door,  as  looking  too 
much  like  a  hotel  or  club-house,  just  like 
what  once  existed  against  plate  glass, 
but  it  is  one  which  deserves  to  be  dis- 
countenanced.    There  is  certainly  much 
room  for  improvement ;  but  the  scarcity 
of  oak  or  other  hardwood  with  us  makes 
it    unlikely    that    we    shall   ever  rival 
the  Americans  in  this  particular.     It  is 
doubtful,  however,  whether  our   damp 
climate  is  not  adverse  to  the  use  of  any 
unpainted  wood  in  such  a  position — at 
least  any  instance  where  oak  or  mahoga- 
ny have  been  used  for  external  doors  in 
Dublin   are   far   less    satisfactory   than 
where  painted  or  grained  deal  was  used 
— a  remarkable   instance   in  which   the 
imitation  is  more  lasting  than  the  reality. 
There  is   another   very  common  fea- 
ture in  American  domestic  architecture, 
more  frequent,  however,  in  the  country 
and  suburbs  than  in  the  towns,  which  at 
|  first    sight    might    seem    deserving    of 
J  adoption   here,    namely,   the   verandah. 
|  These  are  extensively  adopted  as  afford- 
j  ing  cool  and  airy  places  of  retreat  from 
the    sun ;    and    although    we    are    not 
generally  favored  in  this  latitude  with 
a  super-abundance  of  the  rays  of  that 
luminary,  similar  places  of  shelter  might 
!  seem  to  be  desirable  as  protecting  from 
I  rain,  which  is  so  frequent  with   us.     I 
believe,  however,  experience   is  against 
the   general  adoption   of  such  adjuncts 
here,  unless  to  a  very  limited  extent.    If 
we  could  only  be  sure  that  the  rain  would 
always  come  down  vertically,  they  would 
be  of  some  value;  but  as  unfortunately 
it  is  so  addicted  to  driving  in  nearly  a 
horizontal  direction,  and  sometimes  as- 
sumes the  form  of  a  drizzling  mist  which 
apparently  defies  the   ordinary  laws  of 
|  gravitation,     an     open    verandah     pre- 
sents a  very  uncomfortable  place  of  shel- 
!  ter.     I  have  seldom  known  them  added 
|  to  houses  in  this  country  without  sooner 
:  or  later  having  to  be  glazed  in.     I  think, 
;  therefore,  this  feature,  however  pleasant 
I  and  attractive   it  appears  in  American 
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country  houses,  is  one  to  the  extensive 
adoption  of  which  the  climate  of  this 
country  is  decidedly  unfavorable. 

The  planning  of  American  town  houses 
is  deserving  of  some  attention,  as  rather 
different  from  our  regular  types,  and 
presents  some  advantages.  That  form 
known  as  the  "high  stoop"  has  many 
elements  in  common  with  that  of  the  ter- 
races of  middle-class  houses  in  our  own 
suburbs,  both  having  high  flights  of 
steps  to  the  hall-door,  with  a  basement 
nearly  level  with  the  street.  I  think, 
however,  the  Americans  have  developed 
and  improved  this  plan  considerably. 
The  hall  and  staircase,  it  will  be  observ- 
ed, are  thrown  into  one,  and  the  latter 
arranged  to  ascend  in  one  flight  for  each 
story  ;  also  much  greater  depth  from 
front  to  rear  given  than  in  our  houses, — 
the  middle  space  being  devoted  to  hall 
and  dressing-rooms,  lighted  by  a  large 
skylight  over  the  stairs,  also  by  the  ex- 
tensive use  of  glazed  panels  and  fan- 
lights. Possibly  such  a  disposition 
would  be  deficient  in  light  with  us  ;  but, 
either  from  the  superior  brilliancy  of 
their  sunshine,  or  the  effect  of  the  other 
arrangements  above  described,  it  rarely 
seemed  deficient  in  that  respect  there. 
One  important  advantage  of  the  plan  is, 
that  it  brings  the  kitchen  and  dining  or 
breakfast  rooms  into  very  convenient 
proximity,  and  enables  the  business  of 
the  house  to  be  performed  with  a  mini- 
mum of  servants. 

There  are  two  peculiarities  of  Ameri- 
can architecture  which  can  scarcely  be 
passed  over  in  a  paper  of  this  kind,  but 
which,  however  successful  they  may  be 
in  that  country,  are  not  likely  to  be  so 
here.  I  refer  to  the  extensive  use  of 
wood  in  country  houses,  and  of  cast  iron 
in  warehouses  and  shop-fronts.  Both 
these  materials  would  be  so  costly  here 
as  to  present  no  advantage,  and  the  type 
of  design  which  has  developed  from  their 
use  in  America  is  not  likely  to  find  favor 
with  us.  It  should  be  noted,  however, 
that,  particularly  in  the  use  of  cast  iron, 
the  Americans  have  attained  to  a  high 
degree  of  skill,  and  that  I  fear  it  would 
be  a  long  time  before  our  ironfounders 
could  undertake  the  production  of  archi- 
tectural forms  with  anything  like  the 
beauty  aud  accuracy  of  their  work. 

American  church  architecture,  I  re°ret 
to  say,  furnishes  but  few  hints  to  the 


European  architect,  unless  it  be  to  point 
out  to  him  "what  to  avoid."  Their 
most  recent  churches  may  be  divided 
generally  into  three  classes — 

(a)  Direct  imitations  or  reproductions 
of  English  mediaeval  churches;  sel- 
dom correct,  however,  either  in  plan 
or  detail. 

(b)  Tabernacles  or  meeting-houses 
without  any  architectural  pretension, 
but  often  well  contrived  and  ar- 
ranged for  seeing  and  hearing. 

(c)  Attempts  to  combine  these  two 
discordant  ideas,  resulting  common- 
ly in  all  manner  of  shams  and  de- 
vices, to  make  what  is  a  tabernacle 
within  look  like  a  Gothic  cathedral 
without. 

Of  these  three  I  need  hardly  say  I  con- 
sider the  unadorned  tabernacle  by  far 
the  best,  as  having  at  least  the  merit  of 
answering  its  purpose  honestly.  The 
last  idea  I  look  upon  as  the  worst  of  all, 
but  it  is  decidedly  the  most  in  fashion 
just  now,  most  of  the  new  and  costly 
churches  of  New  York  being  built  in  ac- 
cordance with  it,  and  of  course  lauded  to 
the  skies  by  the  newspapers  as  noble 
structures,  combining  all  the  dignity  and 
grandeur  of  the  old  world  with  the  life 
and  progress  of  the  new.  Imagine  inte- 
riors like  Spurgeon's  Tabernacle,  the 
Gaiety  Theatre,  or  the  Merrion  Hall 
clothed  in  exteriors  somewhat  resembling 
Westminster  Abbey  or  St.  Patrick's,  and 
you  will  form  some  idea  of  the  effect. 

There  is,  perhaps,  one  respect  in  which 
the  arrangements  of  American  churches 
are  deserving  of  commendation,  and  that 
is  in  the  comfortable  manner  in  which 
they  are  furnished  and  fitted  up.  This 
is  surely  deserving  of  notice  here,  as 
whatever  of  comfort  we  may  enjoy  in 
our  own  homes,  there  is  but  little  in  our 
places  of  worship.  The  American 
churches  are  nearly  always  handsomely 
and  uniformly  carpeted  and  upholstered, 
not  according  to  the  individual  means  or 
fancy  of  the  pew-holders,  as  with  us. 
Why  the  committees  of  our  churches 
should  not  have  proper  and  uniform  up- 
holstery provided  in  our  churches  as  well 
as  they  provide  the  seats  themselves,  I 
cannot  understand.  As  it  is,  how  ab- 
surd to  see  one  pew  or  seat  handsomely 
cushioned  and  carpeted,  the  next  bare, 
and  the  next  again  half-and-half !    Now 
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that  we  are  come  to  the  voluntary  sys- 
tem— which,  I  need  hardly  say,  is  uni- 
versal in  America — and  that  every  per- 
son pays  for  his  church  accommodation 
just  as  he  pays  for  any  other  good 
thing,  it  is  worth  while  for  those  who 
have  the  care  of  our  churches  to  see 
that  they  are  made  a  little  more  com- 
fortable and  attractive,  without?  present- 
ing such  ugly  contrasts  as  those  just  al- 
luded to. 


The  same  observation  applies  to  some 
extent  to  the  theatres,  which  in  America 
are  furnished  and  fitted  up  in  a  manner 
to  put  us  to  shame.  When  we  shall  see 
any  improvement  in  that  respect,  cannot 
be  predicted,  but  I  fear  the  date  is  very 
far  off. 

I  trust  that  these  few  hints  derived 
from  American  practice  may  not  be 
deemed  unworthy  the  attention  of  this 
Association. 


THE  VIENNA  WATERWORKS. 

From  "The  Engineer." 


A  more  striking  illustration  of  the 
fallibility  of  theory,  unless  based  on  the 
data  of  experience,  and  of  the  irrespon- 
sibility of  bodies  corporate  when  entrust- 
ed with  the  execution  of  great  under- 
takings, can  hardly  be  conceived  than 
the  present  failure  of  the  waterworks  of 
Vienna  to  supply  the  requirements  of 
the  city.  Nature  in  her  earliest  efforts 
produced  a  site  which,  for  ■  beauty  of 
scenery  and  advantages  of  position,  can 
scarcely  be  surpassed  ;  the  first  settlers 
from  Rome,  in  founding  the  city  of 
Vindobona,  exhibited  that  admirable 
facility  of  adapting  themselves  to  an 
adopted  soil,  utilizing  every  stream  and 
mountain,  every  valley  and  plain,  either 
for  their  defence  or  comfort,  for  supply- 
ing the  necessaries  or  for  getting  rid  of 
the  impurities  of  life,  in  a  manner  which 
will  hand  down  the  memories  of  their 
engineers  as  ornaments  of  their  time  and 
worthy  of  imitation  in  the  future  ;  but 
it  has  been  left  to  the  representatives  of 
the  present  generation,  in  copying  the 
magnitude  and  massiveness  of  the  Roman 
aqueducts,  to  ignore  the  foresight  and 
skill  which  devised  them,  to  stultify  the 
efforts  of  nature  herself  by  an  error  of 
calculation  as  to  the  adundance  of  her 
supplies,  and,  after  an  enormous  expen- 
diture of  time  and  money,  to  be  obliged 
tacitly  to  confess — for  bodies  corporate 
have  only  tongues  for  self-laudation — 
that  the  springs  have  failed  to  supply 
the  quantity  of  water  they  had  hoped 
for.  Were  the  water  supply  of  towns  a 
question  as  unsolved  as  the  utilization  of 
our  sewage,  some  excuse  might  be  found 


for  a  partial  failure  in  so  large  an  under- 
taking ;  but  with  the  histories  and  relics 
of  past  ages  at  their  command,  and  the 
numerous  examples  of  modern  time  free 
to  their  inspection,  to  say  nothing  of 
their  own  experiences  from  1835  to  1857 
in  endeavoring  to  obtain  filtered  water 
from  the  Danube,  when  two  and  twenty 
years  and  1,630,000  florins  were  expend- 
ed in  obtaining  a  result  which  had  been 
calculated  to  cost  776,000  florins  and  be 
completed  in  eight  years,  there  is  neither 
room  for  excuse  nor  for  palliation  ;  and 
in  endeavoring  to  gauge  the  want  of 
perspicacity  and  the  complacency  which 
ignored  the  examples  of  the  past,  our 
imagination  is  lost  in  astonishment,  our 
speculations  in  bewilderment. 

It  is  true  that  Vienna  at  the  present 
moment  possesses  one  of  the  finest 
acqueducts  of  modern  Europe,  and  the 
water  which  #is  brought  by  it  from  the 
icy  springs  of  the  Schneeberg  to  the  city 
is,  as  far  as  it  goes,  the  very  best  of  its 
kind.  Every  praise  is  due  to  those  who 
conceived,  and  to  those  also  who  ex- 
ecuted the  actual  works  ;  there  lacks  but 
one  element  to  make  the  whole  complete, 
and  that  unfortunately  is  the  very  es- 
sence of  the  purpose  for  which  the  money 
has  been  spent.  The  original  contract 
for  the  execution  of  the  works  was  12,- 
175,484-  florins,  but  from  a  variety  of 
causes  incidental  to  theoretical  estimates, 
a  further  sum  of  42  per  cent,  has  been 
expended  ;  and  on  this  point  the  inhabi- 
tants of  Vienna  have  much  cause  to  be 
thankful.  Judging  from  the  miserable 
blunders  made  in  determining  the  thick- 
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ness  of  the  pipes  required  to  withstand 
the  pressure,  and  from  the  indecision 
which  in  several  cases — notably  in  that 
of  the  principal  main  entering  the  city 
from  the  reservoirs — caused  the  mains 
to  be  twice  taken  up  and  relaid,  a  much 
larger  deficit  would  not  have  astonished 
the  general  public.  In  speaking  of  the/ 
requisite  supply  the  official  report  naively 
says,  "  The  actual  quantity  of  water  re- 
quired for  drinking  and  household  pur- 
poses depends  entirely  on  the  number  of 
inhabitants  to  be  supplied — a  calculation 
which  is  not  very  difficult  to  make." 
From  a  feeling  of  justice  it  must  be  ad- 
mitted that  this  "  not  very  difficult  ques- 
tion "  was  solved  without  an  error,  and 
it  was  computed  that  the  wants  of  the 
city,  making  the  usual  allowances  for  an 
increasing  population,  require  for  the 
present  about  ten  million  gallons  daily 
during  the  summer,  and  0,900,000  gal- 
lons during  the  winter  months. 

From  observations  made  from  month 
to  month  during  the  period  1865-1869  at 
the  two  sources  from  which  the  supply  is 
drawn,  it  was  found  that  the  average 
lowest  flow  of  water  was  during  the 
month  of  January,  viz.,  5,312,000  gal- 
lons, and  the  highest  in  the  latter  end  of 
April  and  the  beginning  of  May,  amount- 
ing to  more  than  20,000,000  gallons, 
strong  presumptive  evidence  that  the 
former  is  the  result  of  frost,  and  there- 
fore liable  to  a  considerable  reduction 
during  a  severe  winter,  the  latter  that  of 
the  melting  of  the  snow.  Notwithstand- 
ing the  ascertained  fact  that  the  springs 
only  yielded  the  desired  quantity  of 
water  from  the  beginning  of  March  to 
the  end  of*  November,  and  the  utter  im- 
possibility of  the  reservoirs,  constructed 
to  hold  a  maximum  of  1,6 17,3 17  gallons, 
being  of  any  material  assistance  in  sup- 
plementing the  deficiency,  the  doubts 
and  openly  expressed  fears  of  the  unini- 
tiated were  laughed  to  scorn,  and  the 
missing  factor  by  whose  powers  of  mul- 
tiplication the  deficient  quantity  was  to 
be  made  good  fished  up  from  the  depths 
of  some  hitherto  unknown  axiom  ;  or 
perhaps  those  in  authority,  relying  on 
the  problem  of  chances,  or,  still  more 
likely,  actuated  by  an  unseemly  haste  to 
olose  the  unfortunate  year  of  the  Exhi- 
bition with  the  completion  of  some  work 
that  bore  on  its  front  at  least  the  sem- 
blance of  success,  totally  ignored  these 


untoward  facts,  and,  allowing  the  wish 
to  stand  father  to  the  thought,  deter- 
mined to  go  on  with  the  scheme  as  it 
stood,  and  leave  the  probabilities  of  the 
future  to  repair  the  errors  of  the  past. 
Retribution,  however,  has  followed  in 
haste  on  the  footsteps  of  folly,  and  with- 
in less  than  three  years  from  the  festive 
opening,  when  the  water  first  rose  in  a 
splendid  jet  from  the  fountain  on  the 
Schwarzenburg  Platz  to  inaugurate  the 
completion  of  the  works.  Nature  has 
resented  the  unauthorized  demands  on 
her  resources,  and  vindicated,  by  her  re- 
fusal to  overtax  her  energies,  even  at 
the  bidding  of  the  engineers  of  the 
Vienna  community,  the  unerring  laws 
by  which  she  is  regulated  and  the  truth 
of  the  data  she  afforded  for  a  basis  of 
calculation.  The  quantity  of  water 
brought  to  the  city  during  the  past 
months  has  been  so  much  less  than  was 
expected — indeed,  the  daily  supply  at 
one  time  scarcely  exceeded  2,500,000 
gallons — that  the  authorities  have  been 
continually  obliged  to  fall  back  on  the 
old  filter  beds  of  the  Kaiser  Ferdinand 
Waterworks,  which  draw  their  supply 
from  the  Danube  Canal,  a  few  hundred 
yards  below  the  outflow  of  the  main 
sewer  of  the  town  of  Nussdorf  and  its 
surrounding  villages,  to  supply  even  the 
small  proportion  of  dwellings  in  which 
the  pipes  have  been  laid.  It  is  scarcely 
reasonable  to  expect  that  the  public,  al- 
though accustomed  for  years  to  depend 
on  this  supply,  with  the  exception  of  a 
few  insignificant  springs  and  the  wells 
which  until  lately  were  to  be  found  in 
many  of  the  old  houses,  should,  after 
being  heavily  taxed  for  a  supply  of  pure 
water,  rest  content  to  find  at  odd  times, 
without  any  previous  notice  being  given, 
that  the  supply  of  delicious  water,  having 
a  maximum  temperature  of  45  deg.  Fah., 
has  suddenly  failed  and  been  replaced  by 
an  inferior  kind  whose  maximum  tem- 
perature is  59  deg.  Fah.,  and  its  maxi- 
mum 70  deg.  Complaints  on  all  sides 
are  loud  and  bitter,  but  so  long  as  works 
of  this  kind  are  undertaken  by  public 
bodies  who,  having  no  individual  respon- 
sibility, are  amenable  to  no  jurisdiction, 
there  is  but  small  chance  of  redress. 
Were  there  but  the  probability  that  the 
blunders  of  the  present  might  lead  to  in- 
creased carefulness  in  the  future,  or  that 
a  succession  of  errors  might  culminate  at 
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last  m  accumulative  success,  the  pros- 
pect would  afford  some  slight  glimpses 
of  hope  ;  but  so  long  as  there  exists  a 
numerous  body  of  partisans  ready  at  all 
times  to  sacrifice  their  integrity,  by  ig- 
noring or  explaining  away  the  failures  of 
those  from  whom  they  hope  to  derive 
future  benefits,  or  until  the  profession 
establish  among  themselves  a  technical 
"  Vehm-gericht,"  whose  verdict  of  cen-, 
sure  on  every  mistake  by  which  the 
public  money  has  been  squandered  shall 
act  as  a  "  veto  "  on  the  future  employ- 
ment on  public  works  of  any  one  by 
whom  the  mistake  has  been  made,  be  he 
whom  he  may,  from  the  oldest  member 


to  the  youngest  student,  until  he  shall 
give  sufficient  evidence  from  the  actual 
execution  of  private  works  that  he  has 
redeemed  his  professional  status,  it  is  to 
be  feared  that  care  of  the  public  interest 
and  individual  feeling  of  responsibility* 
which  ought  to  stand  first  in  the  code  of 
honor  of  engineers,  will  ever  remain 
second  to  personal  interests,  and  instead 
of  manifesting  that  confidence  which  is 
absolutely  necessary  to  insure  the  means 
of  executing  large  undertakings,  the  pub- 
lic will  rather  content  themselves  with 
the  appliances  that  satisfied  their  fore- 
fathers than  attempt  the  dubious  benefits 
of  improvement. 


NOTE  ON  THE  RESISTANCE  OF  MATERIALS. 


By  Prof.  ROBERT  H.  THURSTON. 


Transactions  of  the  American  Society  of  Civil  Engineers. 


I  had  the  pleasure  of  presenting  to 
the  Society,  November  19th,  1873,  a 
note  in  which  I  made  known  the  discov- 
ery of  an  increased  power  of  resisting 
stress  which  was  developed  in  iron  and 
steel,  by  their  subjection  to  a  strain 
which  produced  distortion  beyond  the 
elastic  limit  and  gave  them  a  set.  This 
was  more  fully  considered  in  a  paper 
read  April  4th,  1874,  and  the  phenome- 
non more  thoroughly  examined  in  its 
bearings  upon  the  practical  work  of  the 
engineer,  and  the  experimental  research- 
es by  which  its  nature  had  been  revealed 
were  described.  Subsequently  Com.  L. 
A.  Beardslee,  U.  S.  N.,  discovered  the 
same  principle  independently  and  by  a 
different  method  of  experiment,  and 
since  the  republication  of  these  facts  in 
foreign  periodicals,  experimenters  in 
Europe  have  announced  the  observation 
of  similar  phenomena  under  identical  or 
similar  conditions. 

The  writer,  since  the  announcement  of 
this  important  peculiarity  in  the  behavior 
of  metals,  has  made  a  very  large  number 
of  experiments  upon  irons,  steels  and 
on  various  alloys,  as  well  as  other  simple 
metals,  and  upon  many  qualities  of  each. 
The  mechanical  laboratory  of  the  Ste- 
vens Institute  of  Technology  has  been 
called   upon   to   test  large   numbers   of 


specimens  of  commercial  qualities  of 
nearly  every  kind  of  metal  used  as  a  ma- 
terial of  construction,  and  these  often 
furnished  opportunities  to  pursue  the  in- 
vestigation. The  special  work  now  in 
progress  under  the  direction  of  the  Unit- 
ed States  Board  recently  appointed  to 
test  iron,  steel  and  other  metals,  has 
been  particularly  useful  in  permitting 
the  examination  of  the  behavior  of  the 
copper-tin  alloys. 

The  results  of  observation,  so  far  as 
the  experience  of  the  writer  has  now  ex- 
tended, may  be  briefly  summarized  as 
follows :  • 

In  iron,  an  elevation  of  the  elastic  lim- 
it very  generally  occurs  under  stress,  to 
a  marked  degree.  It  is  very  variable  in 
maximum  amount,  and  in  the  time  r en- 
quired to  produce  it.  Some  metals  ex- 
hibit it  to  an  almost  imperceptible  ex- 
tent after  long  exposure  to  strain;  other 
irons  experience  a  great  increase  in  their 
power  of  resistance  to  stress  within  the 
new  elastic  limit,  and  its  development 
may  sometimes  be  the  result  of  but  a 
very  brief  period  of  exposure  to  the  ac- 
tion of  that  molecular  re-arrangement 
which  seems  to  be  the  cause  of  this  phe- 
nomenon. The  maximum  increase  noted 
by  the  writer  is  about  thirty  per  cent., 
and  the  time   required  for  its  develop- 
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ment  has  sometimes  not  exceeded  a  half 
minute;  in  other  cases,  the  elevation  of 
the  elastic  limit  has  been  scarcely  per- 
ceptible after  several  days. 

In  steel,  the  same  variation  in  the 
amount  and  in  the  time  needed  for  its 
development  has  been  noticed. 

In  the  various  other  metals  and  in  the 
alloys  this  action  has  not  been  found  to 
occur  in  any  case  where  the  material 
was  inelastic ;  on  the  contrary,  it  has 
been  found  that  inelastic  metals — par- 
ticularly tin  and  metallic  alloys  of  simi- 
lar mechanical  properties — have,  when 
exposed  to  constant  stresses  exceeding 
their  so-called  elastic  limits,  gradually 
and  continuously  yielded  by  a  process  of 
flow  which,  in  some  instances,  was  ob- 
served to  proceed  uninterruptedly  for 
days  together,  and  would  apparently 
have  continued  until  fracture  ensued, 
could  the  experiment  have  been  carried 
to  that  extent. 

These  experiments  have  led  the  writer 
to  suppose,  as  intimated  in  the  paper  re- 
ferred to,  that  the  force  of  cohesion  and 
that  force  which  gives  stability  of  form 
to  solids  and  distinguishes  them  from 
liquids — a  force  called  by  Prof.  Henry 
"  polarity  " — are  quite  distinct  modes  of 
molecular  action.  Some  materials — as 
the  stronger  of  the  ductile  metals — ex- 
hibit great  cohesion,  and  yet  may  flow 
under  the  action  of  a  constant  force,  as 
in  the  cases  last  referred  to  above  ; 
while  others — for  example,  over-harden- 
ed steel — may  have  great  polarity,  and 
consequently  great  stability  of  form, 
while  exhibiting  a  relatively  low  power 
of  cohesion. 

It  is  in  metals  which  belong  to  the 
latter  class,  rather  than  in  those  of  the 
former  character,  that  the  elevation  of 
the  elastic  limit  by  strain  is  observed 
The  explanation  already  proposed,  that 
this  apparent  increase  of  resisting  power 
is  really  a  consequence  of  the  relief  of 
internal  stresses  due  to  methods  of  manu- 
facture, or  to  circumstances  which  have, 
by  external  application  of  force,  pre- 
vented such  a  molecular  arrangement  of 
particles  as  would  naturally  take  place, 
.still  seems  to  the  writer  the  most  satis- 
factory explanation.  The  close  relation 
of  this  action  to  that  observed  by  Prof. 
Johnson,  thirty  years  ago,  and  illustrat- 
ed by  the  process  termed  by  him  "  ther- 


m©-tension,"  has  been  pointed  out  on  a 
former  occasion. 

During  the  two  years  which  have 
elapsed  since  the  first  announcement  of 
the  phenomenon  of  the  elevation  of  the 
elastic  limit  by  strain,  a  large  mass  of 
valuable  data  has  been  accumulated, 
which  may  at  some  future  time  be  col- 
lated. In  no  case,  in  the  whole  range  of 
these  researches,  has  any  indication  been 
observed  of  a  reduction  of  resisting 
power  during  the  distortion  of  metal, 
between — on  the  one  hand — the  passing 
of  the  elastic  limit,  and — on  the  other 
hand — the  point  at  which  incipient  rup- 
ture commences. 

The  writer  is  therefore  led  to  conclude 
that  the  simple  extension  or  straining  of 
any  member  of  any  metallic  structure, 
is  not  a  cause  of  weakness,  except  where 
it  produces  an  actual  reduction  of  section 
resisting  rupture,  or  where  it  brings  the 
line  of  stress  into  a  new  direction  in 
which  it  acts  either  with  a  larger  com- 
ponent of  force  in  the  former  direction 
of  stress,  or,  as  in  the  case  of  a  re- 
flexure  of  the  metal,  it  takes  the  material 
at  disadvantage  strategetically,  after  a 
new  disposition  of  its  particles  has  taken 
place. 

The  conclusion  seems  also  proper,  that 
the  elevation  of  the  elastic  limit  by 
strain  can  only  occur  in  metals  which 
are  elastic,  and  are  capable  of  being 
placed  in  a  condition  of  reduced  resist- 
ing power  by  internal  stress,  by  artificial 
or  external  force. 

Finally;  the  conclusion  has  been  ar- 
rived at,  that  structures  are  not  weak- 
ened by  stresses  exceeding  the  elastic 
resisting  power  of  their  members,  what- 
ever the  material  of  which  they  are 
composed,  and  even  when  '  made  of 
metals  having  no  elasticity  and  capable 
of  yielding,  like  tin,  by  flow,  unless  such 
strains  as  are  produced,  are  productive 
of  actual  molecular  disruption. 

THE  RESISTANCE  OF  MATERIALS  AS  AF- 
FECTED BY  FLOW  AND  RAPIDITY  OF 
DISTORTION.* 

The  effect  of  the  "Flow  of  Metals " 
and  of  the  force  of  polarity  described 
by  Prof.  Henry,  in  modifying  their  re- 
sistance to  external  stress  and  their 
strain,  was  alluded  to  by  the  writer  in 
preceding  Transactions,  as  follows: 

*  Paper  presented  to  the  Society  March  1st,  18T6. 
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"The  same  molecular  movement,* or 
flow,  which  rearranges  the  internal  force 
and  relieves  internal  strain,  may  be  a 
phase  of  that  viscosity  which  Vicat  sup- 
posed might  in  time  permit  rupture  of 
metal  subjected  to  stress  nearly  ap- 
proaching its  original  ultimate  resist- 
ance, the  one  action  being  a  more  im- 
mediate result  than  the  other,  and  the 
latter  producing  its  effect,  even  when 
cohesive  force  may  have  been  actually 
intensified." 

It  was  noted,  however,  that  in  all 
cases  in  which  wrought  iron  and  steel 
had  been  subjected  to  stress  exceeding 
the  elastic  limit,  the  metal  had  exhibited 
no  tendency  to  flow,  and  that,  in  nearly 
every  case  observed,  an  actual  "eleva- 
tion of  the  elastic  limit  by  strain  "  had 
taken  place.  No  experiment  had  then 
been  made  by  the  writer  in  which  the 
same  sample  had  exhibited  both  the  ele- 
vation of  the  elastic  limit  by  strain  and 
the  phenomenon  of  flow. 

Since  that  time,  when  experimenting 
upon  copper,  strain-diagrams  produced 
automatically  have  been  observed  to  ex- 
hibit this  double-effect.  The  elevation 
of  the  elastic  limit  has  occurred  in  the 
earlier  part  of  the  test,  and,  at  a  later 
period,  the  strain-diagram  exhibits  flow, 
the  metal  yielding  under  a  gradually  de- 
creasing stress.  The  progressive  dis- 
tortion which  had  never  been  observed 
by  the  writer  in  iron  or  steel,  has,  since 
the  date  of  the  paper,  been  frequently 
noted  in  other  materials.  For  example, 
the  following  are  a  few  illustrations: 
{See  Table  on-  following  page.) 

Metals  having  a  composition  inter- 
mediate between  these  extremes  have 
not  been,  observed  to  exhibit  flow  or  to 
increase  deflection  under  a  constant  load. 

Tests  by  tension  with  similar  materials, 
exhibits  similar  results,  and  these  obser- 
vations and  experiments  thus  seem  to 
confirm  the  remarks  of  the  writer  as 
above  quoted,  and  to  indicate  that,  un- 
der some  conditions,  the  phenomena  of 
flow  and  elevation  of  the  elastic  limit 
by  strain  may  be  co-existent  and  that 
progressive  distortion  may  occur  with 
"  viscous  "  metals. 

The  paper  referred  to,  enunciated  a 
principle  which  had  been  deduced  from 
experiments  on  wrought  iron  which  is, 
if  possible,  of  more  vital  importance  to 
the  engineer  than  the  facts  just  given, 


viz:  "That  the  time  during  which  ap- 
plied stress  acts,  is  an  important  element 
in  determining  its  effect,  not  only  as  an 
element  which  modifies  the  effect  of  the 
vis  viva  of  the  attacking  mass  and  the 
action  of  the  inertia  of  the  piece  at- 
tacked, but,  also,  as  modifying  seriously 
the  conditions  of  production  and  relief 
of  internal  strain  by  even  simple 
stresses." 

It  was  then  shown,  by  autographic 
strain-diagrams,  that  some  materials 
yield  the  more  readily  the  more 
rapidly  the  distortion  and  rupture 
are  produced,  their  resistance  vary- 
ing in  some  inverse  ratio  with  the 
rapidity  of  change  of  form.  It  wTas 
further  suggested  that  this  action  might 
be  closely  related  to  to  the  opposite 
phenomenon  of  the  elevation  of  the 
elastic  limit  by  strain.  An  explanation 
was  offered  in  the  theory  that,  with 
rapid  distortion,  insufficient  time  is 
allowed  for  the  relief  of  internal  strain 
in  materials  capable  of  exhibiting  that 
condition.  It  was  further  remarked 
that  "  the  most  ductile  substances  may 
exhibit  similar  behavior,  when  fractured 
by  shock  or  by  any  suddenly  applied 
force,  to  substances  which  are  compara- 
tively brittle,"  and  illustrations  were 
given  of  such  behavior,  and  the  pre- 
cautions to  be  taken  by  the  engineer,  in 
view  of  this  important  modification  of 
the  resistance  of  materials  by  velocity 
of  rupture,  were  stated. 

The  writer  has  continued  his  experi- 
mental researches,  with  occasional  in- 
terruption, since  that  time,  and  has 
found  the  above  given  statements  con- 
firmed, and  that  relations  exist  between 
these  phenomena  of  strain  and  the  time 
under  stress,  which  may  properly  be 
stated  here  as  complementary  of  the 
principles  already  published  in  the  two 
preceding  notes  which  have  appeared  in 
Transactions. 

Should  it  be  true,  as  suggested  by  the 
writer,  that  the  cause  of  the  decreased 
resistance,  sometimes  observed  with  in- 
creased velocity  of  distortion,  is  closely 
related  to  the  cause  of  the  elevation  of 
the  elastic  limit  by  strain,  it  would  seem 
a  simple  corollary,  that  materials  so  in- 
elastic and  so  viscous  as  to  be  incapable 
of  becoming  internally  strained  during 
distortion  should  offer  greater  resistance 
to  rapid   than  to    sloioly  produced    dis- 
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Tests  by  Toesion. 

Number 

of 

Test. 

Material.    Parts. 

Time 
under 

Stress. 

Angle 

of 

Torsion. 

Fall 

of 

Pencil. 

Remarks. 

Tin. 

Copper. 

4 
5 
6 

100 

99'.44 
98.89 
All 

6.56 

1.11 

40  hours. 

1  hour. 

2  hours. 
12  min's. 

65° 

180° 

280° 

*380° 

*58° 

0.06  inches. 

0.1 
0.1 

50  per  cent. 

0.2  inches. 

Recovered  after  further  distortion 

of  1°. 

in    8.°. 

in  80°. 
Did  not  recover. 
Behaved  like  No.  4. 
Did  not  recover. 

Tests  by  Teansveese  Steess — with  Dead  Loads. 
Samples  1  x  1  x  22  inches. 


Number 
of 

Test. 

Material 

Parts. 

Increased 

Breaking 

Load. 
Pounds. 

Deflection 
Inches. 

Time. 

Deflection. 
Inches. 

Weight. 

Tin. 

Copper. 

Pounds. 

7 

100 

600 

0.534 

5  minutes. 

0.009 

650 

8 

i.9 

98.1 

475 

1.762 

3 

0.291 

500 

2.108 

3 

0.488 

500 

9 

7.2 

92.8 

950 

0.348 

5 

0.081 

1,350 

10 

10. 

90. 

950 

0.395 

5 

0.021 

1,485 

3.447 

13 

4.087 

1,485 

11 

90.3 

9.7 

100 
120 

0.085 
0.14 

10 

10 

0.021 
'0.055 

140 

0.221 

10 

0.098 

140 

0.319 

10 

0.038 

140 

0.357 

40  hours. 

0.92 

160 

1.294 

10  minutes. 

0.025 

160 

1.32 

1  day. 

1. 

160 

2.32 

1     " 

1. 

160 

3.32 

1     " 

1. 

160 

12 

98.89 

1.11 

90 

0.243 

5  minutes. 

0.063 

120 

0  736 

15 

1.055 

120 

1.791 

30 

0.748 

120 

2.539 

45 

0.595 

120 

3.134 

12  hours. 

8. 

120 

13 

100 

80 

0.218 

5  minutes. 

0.064 

110 

tortion,  in  consequence  of  their  inability 
to  "flow"  so  rapidly  as  to  reduce  resist- 
ance by  such  fluxion  at  the  higher  speed, 
or  by  correspondingly  reducing  the  frac- 
tured section.  This  principle  has  been 
shown,  by  a  large  number  of  experi- 
ments, to  be  frequently,  if  not  invari- 
ably, the  fact.  Copper,  tin  and  other 
inelastic  and  ductile  metals  and  alloys 
are  found  to  exhibit  this  behavior,  and 
are,  therefore,  quite  opposite  in  this 
respect  to  ordinary  wrought  iron  and 
worked  steel. 

*  Taking  elasticity  line. 
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The  writer  has  noted  the  fact  that 
very  soft  wrought  iron  does  not  always 
exhibit  an  observable  elevation  of  the 
elastic  limit  by  strain,  and  Com.  L.  A. 
Beard slee,  U.  S.  N.,  has  recently  ob- 
served that  the  softest  and  most  ductile 
specimen  of  iron  yet  tested  by  him  at 
the  Washington  Navy  Yard  exhibited  a 
perceptible  increase  of  resistance  with  a 
considerable  increase  of  rapidity  of  ex- 
tension. This  metal  was  peculiar  in  its 
softness  and  extreme  extensibility.  All 
the  irons  of  commerce  appear  to  belong 
to  the  other  class. 
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The  records  of  the  Mechanical  Labora- 
tory of  the  Stevens  Institute  of  Technol- 
ogy frequently  illustrate  the  proposition 
that  metals  which  gradually  yield  under 
a  constant  load  offer  increased  resistance 
with  increased  rapidity  of  rupture. 

The  curves  of  deflections  of  a  con- 
siderable number  of  ductile  metals  and 
alloys  are  very  smooth  when  the  time 
during  which  each  load  has  been  left 
upon  them  is  the  same;  but,  whenever 
that  time  has  been  variable,  the  curve 
has  been  irregular.  Bars  of  such  metals 
broken  by  transverse  stress  give  a  greater 
resistance  to  rapidly  increasing  stress 
than  to  stress  slowly  intensified.  Two 
pieces  of  tin  from  the  same  bar  were 
broken  by  tension,  the  one  rapidly  and 
the  other  slowly.  The  first  broke  under 
a  load  of  2,100  and  the  latter  of  1,400 
pounds.  The  example  illustrates  well 
the  very  great  difference  which  is  possi- 
ble in  such  cases,  and  seems,  to  the 
writer,  to  indicate  the  possibility  in  ex- 
treme cases  of  obtaining  results  which 
may  be  fatally  deceptive  when  the  time 
of  rupture  is  not  noted. 

Autographic  strain-diagrams,  given  by 
this  class  of  metals,  exhibit  smooth, 
straight  and  horizontal  lines  for  long 
distances  on  the  paper  where  the  distor- 
tion is  produced  by  a  uniform  motion. 
Increasing  the  rapidity  of  distortion 
causes  an  immediate  and  sustained  ele- 
vation of  the  pencil,  and  a  decrease  of 
velocity  causes  the  line  to  drop  to  a 
lower  level.  In  some  experiments*  a 
torsion  of  one  revolution  in  a  half  hour, 
the  test  piece  being  five-eighths  inch  di- 
ameter and  one  inch  long,  just  kept  the 
pencil  on  a  horizontal  line. 

Two  tests  pieces  from  the  same  bar 
were  broken,  the  one  rapidly,  the  other 
slowly.  The  former  gave  a  strain  dia- 
gram of  which  the  maximum  ordinate 
was  about  fifty  foot  pounds  higher  than 
the  maximum  of  the  latter,  the  differ- 
ence being  nearly  fifty  per  cent,  of  the 
higher,  f 

It  is  evident  that,  whatever  the  charac- 
ter of  the  material  and  whatever  the 
velocity  of  rupture,  the  effect  of  the  in- 
ertia of  the  mass,  and  of  particles  not 
immediately    affected   by   a   shock,   re- 


*  Made  for  the  writer  with  great  care  and  skill  by  his 
assistant,  Mr.  Wm.  Kent. 

t  The  inertia  of  the  weight  in  these  examples  has  no 
measurable  effect  in  modifying  those  results. 


mains,  and  that  its  effect  is  always  to 
reduce  the  resilience  of  the  metal  and 
its  resistance  to  shock  ;  and  this  reduc- 
tion may,  in  many  cases,  more  than  com- 
pensate the  increase  of  resistance  here 
noted.  Its  tendency  is  always  to  pro- 
duce a  sharp  fracture  which,  with  such 
sudden  blows  as  are  given  by  cannon 
shot,  for  example,  may  resemble  the 
break  characteristic  of  brittle  and  non- 
ductile  substances. 

The  writer  would,  therefore,  divide 
the  metals  used  in  construction  into  two 
classes  : 

1st.  Metals  subject  to  internal  strain 
by  artificial  manipulation  and  which  may 
exhibit  an  elevation  of  the  elastic  limit 
by  strain  and  decreased  power  of  resist- 
ing stress  under  increasing  rapidity  of 
distortion.  The  ordinary  irons  of  com- 
merce are  typical  of  this  class. 

2d.  Metals  of  an  inelastic  viscous 
character,  not  subject  to  internal  strain 
and  not  usually  exhibiting  an  elevation 
of  the  elastic  limit  by  strain  and  which 
offer  increased  resistance  when  the  ra- 
pidity of  distortion  is  increased.  Tin  is 
a  typical  example  of  this  class. 

It  is  obvious  that  the  value  of  the 
former  class  for  the  construction  of  the 
engineer  is  vastly  greater  than  the  latter, 
and  especially  for  permanent  loads  and 
low  -factors  of  safety. 

The  depression  of  the  elastic  limit  has 
been  observed  previously  in  materials, 
but  less  attention  has  been  paid  to  it 
than  the  importance  of  the  phenomenon 
would  seem  to  demand.  The  accompany- 
ing plate  exhibits  the  strain  diagrams 
produced  by  plotting  the  results  of  ex- 
periments.* They  are  selected  as  typi- 
cal examples,  and  as  representing  the 
two  classes  of  materials  described. 

In  making  the  experiments  the  bar 
was  mounted  on  cylindrical  steel  bear- 
ings, which  were  themselves  supported 
on  accurately  planed  level  surfaces,  and 
the  deflection  was  produced  by  means  of 
a  powerful  screw  and  a  large  hand- 
wheel.  The  weight  was  measured  by  a 
Fairbanks  scale  combination,  and  the 
deflections  and  sets  by  a  special  measur- 
ing apparatus!  which  reads  to  0.0001 
inch,  with  an  error  of  0.000741.     Touch 


*,Made  and  recorded  in  the  Mechanical  Laboratory  of 
the  Stevens  Institute  of  Technology. 

t  Made  to  the  order  of  the  writer,  by  Messrs.  Brown  & 
Sharpe. 
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is  indicated  by  a  delicate  Stackpole  level. 
The  measuring  instrument  was  unaffect- 


ed by  the 


forces  tending 


to  distort  the 


straining  apparatus.  The  deflecting 
force  was  adjusted  by  the  scale-beam. 
The  bar  being  in  place,  the  weight  to  be 


put  on  it  was  set  on0  on  the  scale-beam, 
and  the  screw  was  carefully  turned  until, 
by  its  pressure  on  the  middle  of  the  bar, 


the  scale-beam  slowly  rose  and  vibrated 
about  the  middle  of  its  range,  which 
point  was  indicated  by  a  pointer  at  the 
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end  of  the  beam,  traversing  a  fine  lined 
scale  on  the  frame.  When  the  adjust- 
ment had  become  satisfactory,  the  de- 
flection was  read  off  and  the  beam  usual- 
ly released,  in  order  that  the  set  might 
be  observed.  It  was  then  again  deflected 
by  a  heavier  weight.  Occasionally  the 
bar  was  left  thus  strained,  and  with  a 
constant  deflection,  for  a  considerable 
period  of  time,  and  the  change  of  effort 
exerted  by  it  noted  at  frequent  intervals. 
In  all  such  cases  the  scale-beam  gradual- 
ly drooped,  and  a  decreased  effort  to 
effect  restoration  of  form  was  indicated. 
When  the  beam  had  fallen,  the  weight 
was  pushed  back  until  the  beam  arose 
and  vibrated  about  the  center  line  again, 
and  the  weight  and  time  were  recorded. 
This  was  repeated  as  the  beam  exhibited 
less  and  less  loss  of  power  of  restoration, 
and  when  this  decrease  of  effort  no 
longer  exhibited  itself,  a  new  series  of 
deflections  was  produced. 

The  bar,  No.  599,  which  was  quite 
ductile,  exhibited  an  unchanged  law  of 
relation  of  amount  of  deflection  to  inten- 
sity of  deflecting  force,  and,  as  shown  by 
the  diagram,  the  curve  representing  its 
test  pursued  the  same  general  direction 
after  one  of  these  "  time-tests "  as 
before. 

The  loss  of  effort  at  163  pounds  is 
seen  to  have  been  about  twenty  pounds, 
the  deflection  amounting  to  0.034V 
inches,  and  the  effort  falling  from  163 
to  143  pounds.  At  403  pounds  the  loss 
of  restorative  foree  is  about  the  same  ; 
the  figures  fall  from  403  to  333  pounds, 
the  deflection  being  held  constant  at 
0.0886  inches,  again  from  333  to  302 
pounds  at  a  deflection  of  0.0896,  and  still 
again  from  1233  to  1137  pounds  at  a  de- 
flection of  0.5209  inches. 

Before  the  bar,  under  further  deflec- 
tion, had  quite  regained  its  original  re- 
sisting power,  the  "  time-test "  was  re- 
peated, the  deflection  amounting  to 
0.5456  inch,  and  the  weight  applied 
being  1233  pounds.  The  result  noted 
was  quite  unanticipated.  The  effort 
steadily  decreased  at  a  varying  rate, 
which  is  indicated  by  the  diagram  of 
time  and  loads,  and  the  bar  finally  snap- 
ped sharply,  and  the  two  halves  fell 
upon  the  floor.  The  effort  had  decreas- 
ed to  911  pounds.  The  deflection  was 
precisely  what  it  had  been  under  the 
load  of    1233   pounds.    The   beam  had 


balanced  at  911  pounds  for  about  three 
minutes  when  the  fracture  took  place. 
An  assistant  was  sitting  fifteen  or  twenty 
feet  from  the'  machine  at  the  instant, 
but  no  one  had  approached  the  machine 
after  the  last  adjustment  of  the  weight. 

This  is  a  case  without  parallel  in  the 
experience  of  the  writer,  and  its  conclu- 
sion indicates  a  possibility  of  deprecia- 
tion in  resisting  power  of  the  class  of 
metals  of  which  tin  has  been  taken  as 
the  type,  which  depreciation,  in  the 
present  state  of  our  knowledge  of  the 
properties  of  such  metals  in  this  regard, 
it  may  be  safest  to  assume  to  be  a  source 
of  danger  in  some  cases  in  which  the 
load  approaches  the  maximum  resisting 
power  of  the  piece.  This  illustrates  the 
case  of  progression  of  flow  until  the  sec- 
tion most  strained  has  been  weakened  to 
the  point  of  actual  molecular  disruption, 
which  disruption  would  seem  to  have 
been  here  produced  by  the  effort  of  other 
and  less  injured  portions,  to  resume  their 
original  positions,  and  to  straighten  the 
two  halves  of  the  bar.  It  would  seem 
that  such  action  should  be  determined 
by  flow  occurring  in  a  somewhat  ductile 
but  still  somewhat  elastic  metal. 

The  strain  diagram  of  this  bar  is  seen 
to  be  nearly  hyperbolic  ;  but  the  law  of 
Hooke,  ut  tensio  sic  vis,  holds  good,  as 
usual,  up  to  a  point  at  which  the  load  is 
about  one-half  the  maximum.  The  curve 
of  times  and  loads,  exhibits  the  rate  of 
loss  of  effort  while  the  bar  was  finally 
held  at  a  deflection  of  0.5456  inch,  the 
load  being  carefully  and  regularly  re- 
duced, as  the  effort  diminished,  from 
1233  to  911  pounds,  at  which  latter 
figure  the  bar  broke.  The  curve  is  a 
very  smooth  one.  The  following  is  the 
record  of  the  test  : 

(See  Table  on  follmoing  page.) 

The  bar  was  left  under  strain  at  11  h. 
22  m.  a.  m.,  and  the  effort  to  restore 
itself  measured,  at  intervals,  as  follows: 

Hour. -^-11  h.  37  m. ;  11  h.  50  m.  a.  m.  12  h. 
2  m. ;  12  h.  8  m.;  12  h.  25  m. ;  12  h.  25  m. ; 
12  h.  39£  m. ;  12  h.  53^  m. ;  12  h.  58£  m. ;  1L 
20  m.  p.  m. 

Effort.— 1133;  1093;  1070;  1063;  1043; 
1  023;    1  003;  993;  911  pounds. 

At  1  h.  23  m.  p.  m.  the  bar  broke. 

An  example  of  somewhat  similar  be- 
havior, but  exhibited  by  a  metal  of  very 
different  quality,  is  shown  on  the  next 
page  (second  table). 
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Bar  No.  599. 
90  parts  zinc,  10  parts  copper  :  1  x  0.992x22  inches. 


Inches. 

Inches. 

Inches. 

Load. 

Load. 
Pounds. 

Load. 
Pounds. 

Pounds. 

Deflection 

Set. 

Deflection 

Set. 

Deflection 

Set. 

23 

0.0033 

363 

0.0781 

3 

0.0336 

43 

0.0078 

403 

0.0881 

643 

0.1641 

.... 

63 

0  0127 

3 

0.0079 

803 

0.2149 

103 

0.0225 

. . . 

403 

0.0886 

1,003 

0.3178 

143 

0.031 

.... 

Resistance 

fell  in  8  h. 

30  m. 

1,103 

0.3921 

163 

0.0347 

to  333 

0.0886 

1,203 

0.481 

Resistance 

fell  in  15  h. 

25  m. 

3 

0.0246 

1,236 

0.53'09 

to  143 

0.0347 

333 

0.0896 

Resist 

ance  fell  in 

15  m. 

3 

0.0039 

Resist 

ance  fell  in 

15  h. 

|  to  1,137 

0.5209 

163 

0.0391 

to  302 

0.0896 

3 

... 

0.2736 

203 

0.0471 

303 

0.0876 

1,137 

0.5131 

243 

0.0544 

403 

0.1072 

1,233 

0.5456 

283 

0.0611 

503 

0.1282 

.... 



323 

0.0692 

.... 

603 

0.1521 

.... 

Bar  596. 
75  parts  zinc,  25  parts  copper  ;   Second  Casting  :  0.985  x  0.985  x  22  inches. 


Inches. 

Inches. 

Inches. 

Load. 

Load. 
Pounds. 

Load. 
Pounds. 

Pounds. 

Deflection 

Set. 

Deflection 

Set. 

Deflection 

Set. 

23 

0.0057 

423 

0.073 

to  473 

0.0866 

63 

0.0142 

463 

0.0799 

3 

0.0092 

103 

0.0207 

503 

0.0866 

503  • 

0.0894 

.... 

143 

0.0275 

3 

0.0014 

543 

0.0952 

183 

0.0346 

503 

0.0866 

583 

0.1012 

223 

0.0414 

Resist 

ance  fell  in 

5h. 

603 

0.1042 

263 

0.0485 

to  489 

0.0866 

623 

0.1075 

303 

0.0549 

3 

0.0074 

643 

0.1102 

343 

0.061 

489 

0.0866 

663 

0.1136 

383 

0.0669 

Resistance 

fell  in  13  h. 

30  m. 

Broke  5" 

after,  with 

ringing 

: 

sound. 

This  bar  was  hard,  brittle  and  elastic, 
but  must  apparently  be  classed  with  tin 
in  its  behavior  under  either  continued  or 
intermitted  stress. 

There  seems  to  the  writer  to  exist  a 
distinction,  illustrated  in  these  cases,  be- 
tween that  "  flow  "  which  is  seen  in  these 
metals,  and  that,  to  w^hich  has  been  at- 
tributed the  relief  of  internal  stress  and 
the  elevation  of  the  elastic  limit  by 
strain  and  with  time. 

This  last  phenomenon — the  exaltation 
of  the  elastic  limit  by  strain — has  been 
observed  very  strikingly,  by  the  writer, 
in  the  deflection  of  iron  bars,  by  trans- 
verse stress.  The  plate  exhibits  the 
strain- diagrams  obtained  by  transverse 


deflection  of  four  bars  of  ordinary  mer- 
chant wrought  iron  which  were  all  cut 
from  the  same  rod.  Of  these,  two  were 
tested  in  the  machine  above  described, 
in  which  the  deflection  remains  constant 
when  the  machine  is  untouched  while 
the  load  gradually  decreased  —  or, 
more  properly,  while  the  effort  of  the 
bar  to  regain  its  original  form,  decreases. 
The  other  two  were  tested  by  dead  loads 
— the  load  remaining  constant  while  the 
deflection  may  vary  when  the  apparatus 
is  left  to  itself.  (The  record  is  given  on 
pages  262-264. 

These  two  pairs  of  specimens  were 
broken ;  one  in  each  set  by  adding  wreight 
steadily  until  the  end  of  the  test,  so  as 
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to  give  as  little  time  for  elevation  of 
elastic  limits  as  was  possible,  and  one  in 
each  set  by  intermittent  stress,  observ- 
ing sets,  and  the  elevation  of  the  elastic 
limit. 

If  the  long-known  effects  of  cold- 
hammering,  cold-rolling  and  wire-draw- 
ing, in  stiffening,  strengthening  and 
hardening  some  metals  can  be,  as  the 
writer  is  inclined  to  believe,  attributed 
in  part  to  this  molecular  change,  as  well 
as  to  simple  condensation  and  closing  up 
of  cavities  and  pores,  this  exaltation  of 


the  elastic  limit  by  distortion  under  ex- 
ternally applied  force,  has  now  been 
shown  to  occur  in  iron  and  metals  of  that 
class  in  tension,  torsion,  compression 
and  under  transverse  strain. 

Referring  to  the  plate,  it  will  be  seen 
that  there  is  exhibited  the  action  in  the 
latter  case  even  more  fully  and  strikingly 
than  in  the  record  above  given,  and  a 
study  of  these  typical  examples  cannot 
fail  to  prove  both  interesting  and  in- 
structive. 


Test  of  Wrought  Iron  Bars  by  Transverse  Strain. 

Samples  1  inch  square,  28  inches  long  ;    22  inches  between  supports. 

No.  648.    Tested  in  Fairbanks'  Machine. 


Inches. 

Inches. 

Inches. 

Load. 

Load. 
Pounds. 

Load. 
Pounds. 

Pounds. 

Deflection 

Set. 

Deflection 

Set. 

Deflection 

Set. 

103 

0.0132 

3 

0.0246 

1,877 

0.6034 

203 

0.0244 

1,329 

0.1451 

1,891 

0.6626 

Resistance 

fell  in  13  h. 

35  m. 

1,403 

0.1522 

3 

o'.4938 

to  199 

0.0244 

1,483 

0.16 

1,891 

0'.7001 

303 

0.0342 

1,523 

0.1647 

Resist 

ance  fell  in 

10  s! ' 

403 

0.0428 

1,563 

0.1761 

to  1.801 

0.7001 

Resistance 

fell  in  1  h. 

30  ni." 

1,603 

0.2548 

Resist 

ance  fell  in 

6  m. 

to  399 

0.0428 

3 

0*.i091 

to  1,737 

0.7001 

3 

o!6o42 

1,603 

0*.287 

Resist'ce 

fell  in  5  h. 

23  m! 

503 

0'.O528 

Resistance 

fell  in  6  h. 

3  m.' 

to  1,721 

0.7001 

603 

0.0619 

to  1.457 

0.287 

3 

o'.5406 

Resist 

ance  fell  in 

4h." 

3 

0!i451 

1,741 

o!7031 

to  598 

0.0619 

1,457 

0.2863 

1,911 

0.7246 

803 

0.0806 

1,603 

0.3016 

1,921 

0.7566 

Resistance 

fell  in  15  h. 

15  m.' 

1,703 

0.3921 

3 

0'.5746 

to  789 

0.0806 

3 

0.2431 

1,921 

0*.7746 

903 

0.0907 

1,703 

0'.4301 

Resist'ce 

fell  in  21  h. 

48  in.' 

1,003 

0.0995 

.... 

Resistance 

fell  in  20  h. 

50  m! 

to  1,767 

0.7746 

Resistance 

fell  in  5  h. 

20  m. 

to  1,541 

0.4301 

3 

o'.6028 

to  987 

0.0995 

3 

0*2846 

1,767 

o!7726 

3 

0'.0049 

1,541 

0^4296 

1,931 

0.7876 

1,203 

0'.il97 

1,603 

0.4346 

1,995 

0.8036 

.... 

3 

o'.ooii 

1,711 

0.4456 

2,001 

0.8266 

1,203 

0.121 

1,753 

0.4513 

3 

0 1(3451 

Resist 

ance  fell  in 

2h." 

1,781 

0.4651 

2,001 

0.8498 

to  1,187 

0.121 

Resistance 

fell  in  6  h. 

3  m. 

Resist'ce 

fell  in  21  h. 

30  m. 

3 

0'.0096 

to  1,661 

0.4651 

to  1,831 

0.8498 

1,203 

0'.i226 

.... 

3 

0'.3i06 

3 

.... 

0*.6780 

1,243 

0.1266 

1,675 

0'.4676 

1,831 

0.8471 

1,283 

0.1301 

1,787 

0.4808 

2,003 

0.8641 

1,323 

0.1354 

1,811 

0.5446 

2,071 

0.8819 

1,363 

0.1421 

3 

» . . . 

o'.3771 

2,081 

0.9396 

.... 

1,403 

0.1504 

1,811 

0.5661 

3 

0.7578 

3 

o'.Oi96 

Resist 

ance  fell  in 

46  m. 

2,081 

o'.9886 

1,403 

0'.i522 

to  1,675 

0.5661 

Resist'ce 

fell  in  21  h. 

39  m. 

Resist 

ance  fell  in 

3  m!-" 

Resist 

ance  fell  in 

17  h.' 

to  1,871* 

0.9886 

to  1,387 

0.1522 

to  1,161 

0.5661 

3 

o'.8148 

Resistance 

fell  in  2  h. 

25  m." 

3 

0^4081 

1,911 

0'.9904 

to  1,361 

0.1522 

1,661 

0.5645 

2,083 

1.0106 

Resistance 

fell  in  39  h. 

5  m. 

1,801 

0.578 

2,121 

1.0496 

to  1,329 

0.1522 

1,861 

0.5866 



2,131 

1.0911 
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No.  648. — (Continued.) 


Inches. 

Inches. 

Inches. 

Load. 

Load. 
Pounds. 

Load. 
Pounds. 

Pounds. 

Deflection 

Set. 

Deflection 

Set. 

Deflection 

Set. 

3 

0.9021 

2,351 

1.7321 

2,571 

2.3854 

2,131 

l'l316 

3 

l'.5±96 

2,591 

2.4287 

Resistance 

fell  in  47  h. 

37  in.' 

2,351 

2 '.0446 

3 

2 '.1952 

to  1,869 

1.1316 

Resist 

ance  fell  in 

16  h.' 

2,591 

2. 5044 

.... 

3 

0*958 

to  2,135 

2.0446 

Resist'ce 

fell  in  15  h. 

4  m. 

1,941 

1*1358 

3 

1*8441 

to  2,371 

2.5044 

.... 

2,131 

1.1551 

2,135 

2*0431 

3 

2.2842 

2,181 

1.1686 

2,355 

2.0646 

2,371 

2 '.5022 

2,201 

1.1981 

2,391 

2.0736 

2,591 

2.5247 

2,211 

1.2356 

2,411 

2.1136 

2,611 

2.5334 

3 

l'.0361 

3 

l'.8964 

2,631 

2.5927 

Resist 

ance  fell  in 

9h. 

2,411 

2. 1451 

3 

2*.  3577 

to  1,997 

1.2356 

Resistance 

fell  in  8  h. 

35  m. 

2,631 

2*653 

3 

1.1158 

to  2,238 

2.1451 

Resist'ce 

fell  in  8  h. 

2  m. 

2,001 

l'.3016 

Gradual 

ly  reduced 

strain. 

to  2,371 

2.653 

2,211 

1.3226 

.... 

to  3* 

1.9266 

3 

2 '.4227 

2,231 

1.3656 

Gradually 

increased 

strain. 

2,371 

2.6532 

2,237 

1.3936 

to  2,238* 

2.1336 

.... 

2,631 

2.6833 

3 

1*1946 

2,411 

2.1516 

2,651 

2.6992 

2,241 

l'.4441 

.... 

2,491 

2.1811 

.... 

2,661 

2.7307 

Resistance 

fell  in  13  h. 

50  m. 

2,501 

2.2121 

3 

2*4987 

to  2,041 

1.4441 

3 

.... 

1*9886 

2,661 

2*8324 

3 

l'.2538 

2,501 

2.2471 

Resist'ce 

fell  in  61  h. 

32  m*. 

2,041 

1.4421 

Resistance 

fell  in  14  h. 

10  in.' 

to  2,363 

2.8324 

2,241 

1.4631 

to  2,295 

2.2471 

3 

2*5924 

2,281 

1.4821 

3 

.... 

2*0331 

2,363 

2*.  8286 

2,301 

1.5216 

2,295 

2.2456 

2,685 

2.8627 

2,311 

1.5531 

2,541 

2.2762 

2,701 

2.871 

3 

l'.3436 

2,561 

2.3102 

.... 

2,710 

2.8917 

. . 

2,311 

1*6166 

3 

.... 

2.0763 

2,720 

2.9297 

Resistance 

fell  in  8  h. 

8  m. 

2,561 

2.35 

3 

2*647 

to  2,091 

1.6166 

Resistance 

fell  in  6  h. 

18  in." 

2,720 

2*.  9692 

3 

l'.4i81 

to  2,369 

2.35 

Resist'ce 

fell  in  5  h. 

48  m. 

2.091 

l'.6166 

3 

2. 1402 

to  2,483 

2.9692 

2,311 

1.6466 

.... 

2,369 

2*.  3587 

3 

2. 7357 

2,341 

1.6996 



2,551 

2.3782 

Bar  rem 

oved  :  test 

ended. 

No.  649.      Tested  in  Fairbanks'  Machine. 


Load. 

Deflection 

Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

103 

0.0139 

900 

0.0889 

1,462 

0.1505 

In2f  m. 

was  0.3629 

200 

0.0238 

1.000 

0.0982 

1,480 

0.1569 

1,620 

0.3704 

300 

0.0328 

1,100 

0.1081 

1,500 

0.1619 

1,640 

0.3831 

405 

0.0425 

1,200 

0.1171 

1,520 

0.1709 

In  6  m. 

was  0.4404 

500 

0.0519 

1,300 

0.1279 

1,540 

0.1804 

1,660 

0.4479 

600 

0.0602 

1.400 

0.1398 

1,560 

0.2078 

1,680  (5) 

0.4599 

700 

0.0689 

1,420 

0.1435 

1,580 

0.2429 

800 

0.0787 

1,442 

0.1472 

1,600  (a) 

0.2854 

2,350 

5.577 

*  Gradually  reduced  strain  to  3  pounds,  taking  a  num- 
ber of  readings ;  then  gradually  increased  it  to  2,238 
pounds,  taking  readings  corresponding  to  former  ones ; 
found  that  increase  of  deflection  was  proportional  to  in- 
crease of  load. 

(a)  At  1,600  pounds  the  beam  sank  instantly ;  ran  the 
press  ure  screw  down  bo  as  to  keep  the  beam  balanced 


for  1%  m.,  with  increase  of  deflection  as  noted.  (&)  At 
1,680,  ran  pressure  screw  rapidly  but  steadily  down, 
moving  the  poise  along  the  beam  to  keep  it  balanced. 
The  beam  vibrated  up  and  down,  falling  or  risii  g 
instantly  as  the  wheel  was  turned  slower  or  faster.  T  lie 
resistance  reached  a  maximum  of  2,350  poonds,  when  the 
deflection  was  5.57T  inches. 
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No.  650.     Tested  by  Dead  Loads. 


Load. 
fPounds. 


100 
200 


Deflection 
Inches. 


0.015 
0.0229 


Load. 
Pounds. 


400 
600 


Deflection. 
Inches. 


0.0425 
00638 


Load. 
Pounds. 


800 
1,200 


Deflection. 
Inches. 


0.0858 
0.1456 


Load. 
Pounds. 


1,400 
1,500  (c) 


Deflection. 
Inches. 


0.1749 
0.2143 


No.  651.     Tested  by  Dead  Loads. 


Load. 

Deflection 

Load. 

Deflection. 

Load. 

Deflection. 

Load. 

Deflection. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

100 

0.0158 

In  5  h.  46 

m.  In  0.6598 

In  48  h.  30 

m.wasl.9245 

2,452 

3.0732 

200 

0.0275 

1,700 

0.67 

2,222 

1.9379 

2,484 

30812 

400 

0.0489 

In  3  m. 

was  0.6716 

2,288 

2.1386 

In  39  h. 

40  m.  4.2591 

600 

0.0709 

Inl6h. 

was  0.7615 

In  12  m. 

was  2.9535 

In  43  h. 

20  m.  4.2591 

803 

0.0913 

1,800 

0.771 

2,266 

2  9928 

2,513 

4.2623 

1,000 

0.1141 

1,900 

1.0904 

In  17  m. 

was  3.0157 

2,556 

4.267 

1,200 

0.1394 

In  3  h.  15 

m.wasl.8567 

In  3  h.  37 

m."    3.0236 

In  4  h. 

20  m.  4.2749 

1,400 

0.1701 

In  45  h.  45 

m.wasl.8709 

2,288 

3.029 

2,589 

4.2749 

1,500 

0.2465 

2,005 

1.8787 

2,350 

3.0426 

In  48  h. 

was  4.6591 

In  8  m. 

was  0.4307 

In  3  h. 

was   1.8819 

2,370 

3.0433 

In  61  h.  30  m."     4.6701 

1,600 

0.489 

2,052 

1.8886 

In  25  h.  15 

m.was3.0677 

Weights    reached    sup- 

In 6  m. 

was  0.6504 

2,115 

1.8921 

2,422 

3.0701 

port.  Test  was  ended. 

The  strain-diagrams  exhibited  in  the 
plate  do  not  present  to  the  eye  one  of 
the  most  important  distinctions  between 
the  two  classes  of  metals.  As  seen  by 
study  of  these  diagrams,  both  classes, 
when  strained  by  flexure,  gradually  ex- 
hibit less  and  less  effort  to  restore  them- 
selves to  their  original  form. 

In  the  case  of  the  tin-class,  this  loss 
of  straightening  power  seems  often  to 
continue  indefinitely,  and,  as  in  one  ex- 
ample here  illustrated,  even  until  frac- 
ture occurs. 

With  iron  and  the  class. of  which  that 
metal  is  typical,  this  reduction  of  effort 
becomes  gradually  less  and  less  rapid, 
and  finally  reaches  a  limit  after  attain- 
ing which,  the  bar  is  found  to  have  be- 


(c)  At  1,626,  the  reading  was  not  taken.  Weights  as 
follows  were  rapidly  added,  4  or  5  pieces  each  minute,  as 
follows  :— 82,  25,  42,  15,  16  10,  15.5,  16,  25,  25,  25,  13,  11.5, 
16,  27,  62,  40.5,  61,  45,  62=2,260.5  pounds.  The  bar  sank 
rapidly,  its  side  pressure  splitting  the  wood  which  con- 
fined the  mandrels.  The  set,  measured  after  the  bar  was 
removed,  was  2.5  inches.  The  total  deflection  is  calcu- 
lated as  follows :— the  elasticity  of  the  bar  remaining  the 
same  the  increase  of  deflection  over  set  is  directly  pro- 
portional to  the  load.  (This  is  shown  by  the  parallelism 
of  the  elasticity  lines  with  the  original  line  within  the 
elastic  limit.)  Thus  at  800  pounds,  the  set  was  inappre- 
ciable, deflection  0.0858 ;  whence  800 ;  0.0858  : :  2,260  : 
0.242  difference  of  deflection  and  set :  set  was  2.5,  hence 
calculated  deflection  2.742  inches. 


come  strengthened,  and  the  elastic  limit 
to  have  become  elevated.  In  this  re- 
spect, the  two  classes  are  affected  by 
time  of  strain,  in  precisely  opposite  ways. 

The  plate  exhibits,  even  better 
than  the  reeord,  the  superior  ultimate 
resistance  of  the  bars  which  have  been 
intermittently  strained,  as  well  as  the 
elevation  of  the  elastic  limit.  This 
parallelism  of  the  "elasticity  lines"  ob- 
tained in  taking  sets,  shows  that  the 
modulus  of  elasticity  is  unaffected  by 
the  causes  of  elevation  of  the  elastic 
limit. 

Evidence  appealing  directly  to  the 
senses  has  been  presented  in  the  course 
of  experiment  on  the  second  class  of 
metals,  of  the  intra-molecular  flow. 
When  a  bar  of  tin  is  bent,  it  emits  while 
bending  the  peculiar  crackling  sound, 
familiarly  known  as  the  "  cry  of  tin." 
This  sound  has  not  been  observed 
hitherto,  so  far  as  the  writer  is  aware, 
when  a  bar  has  been  held  flexed  and  per- 
fectly still.  In  several  cases  recently,  in 
experiments  on  flexure*  of  metals  of  the 

*  Made  in  the  Mechanical  Laboratory  of  the  Stevens 
Institute  of  Technology. 
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second  class,  bars  held  at  a  constant  de- 
flection have  emitted  such  sounds  hour 
after  hour,  while  taking  set  and  losing 
their  power  of  restoration  of  shape. 

During  some  of  the  experiments  made, 
a  very  marked  illustration  of  the  de- 
crease of  set  with  time,  which  has  been 


observed  and  described  by  Prof.  W.  A. 
Norton,  has  been  noted,  and  the  recovery 
of  straightening  power  in  the  deflected 
bar  has  sometimes  been  strikingly  large, 
amounting  to  nearly  thirty  pound's  in 
fifteen  minutes.  A  record  of  one  of 
these  bars  is — 


Bar  No.  563. 
17.5  parts  copper,  82.5  parts  tin.     0.986x0.993x22  inches. 


Inches. 

Inches. 

Inches. 

Load. 

Load. 
Pounds. 

Load. 
Pounds. 

Pounds. 

Deflection 

Set. 

Deflection]     Set. 

Deflection 

Set. 

10 

0.0027 

140 

0.0804 

300 

0.4597 

20 

0.007 

180 

0.1343 

5 

0.3084 

40 

0.0153 

200 

0.1666 

Set  de 

creased  in 

60 

0.0256 

5 

0 

0821 

2hrs. 

20  min.  to 

0.2845 

80 

0.0365 

200 

0.1798 

300 

0.5332 

100 

0.0499 

240 

0.2503 

310 

Bar  broke 

in  put- 

5 

0.0092 

280 

0.3762 

ting  on 

strain. 

After  300  pounds  had  been  placed  on 
the  bar,  and  the  reading  taken,  the  screw 
was  run  back  till  the  beam  just  balanced 
at  5  pounds,  the  pressure  block  attached 
to  the  screw  just  barely  touching  the 
bar.  The  set  was  then  read,  as  above, 
0.3084  inches,  the  beam  slowly  rising. 
The  pressure  screw  was  then  run  back 
till  beam  again  balanced  at  5  pounds, 
and  the  set  measured  0.3022  inches. 
The  time  was  2  minutes.  The  beam  again 
rose,  poise  on  beam  was  pushed  forward 
and  balanced  at  10  pounds;  the  time 
was  2  minutes.  In  two  minutes  more, 
beam  balanced  at  14  pounds.  The  pres- 
sure screw  was  again  run  back  till  beam 
balanced  at  5  pounds  and  the  set  meas- 
ured   0.0298    inches.     The    beam    rose 


again  ;  at  11  hours  37  minutes,  a.  m. 
In  2  minutes  it  balanced  at  10  pounds, 
in  10  minutes  at  16  pounds,  and  in  29 
minutes  at  23  pounds.  The  beam  was 
again  balanced  at  5  pounds,  set  measured 
0.2902  inches.  The  beam  rose  in  4 
minutes.  In  29  minutes  the  beam  bal- 
anced at  14  pounds,  and  in  65  minutes 
more  it  balanced  at  20  pounds.  The 
beam  was  again  balanced  at  5  pounds 
and  the  set  measured  0.2845  inches. 
The  total  decrease  of  set  in  2  hours 
20  minutes  was  0.3084  —  0.2845  =  0.0239 
inches. 

Then  replaced  300  pounds,  and  read 
deflection  0.5332  inches  ;  increased  the 
pressure,  but  the  bar  broke  before  310 
pounds  was  reached. 


PRIME  MOVERS.* 


From  "Nature. 


I. 


The  subject  on  which  I  have  now  the 
honor  to  address  you,  the  subject  which 
is  to  occupy  our  attention  to-day,  is  that 
of  prime  movers;  that  is  to  say,  we  are 
about  to  consider  that  class  of  machines 
which,   to   use   the  words   of   Tredgold, 

*  Address  delivered  by  F.  J.  Bramwell,  C.  E.,  F.  R.  S., 
at  South  Kensington. 


"  enable  the  engineer  to  direct  the  great 
sources  of  power  in  nature  for  the  use 
and  convenience  of  man." 

Although  machines  of  this  kind  are, 
in  truth,  mere  converters  or  adapters  of 
extraneous  forces  into  useful  and  man- 
ageable forms,  and  have  not  any  source 
of  life,  power,  or  motion,  in  themselves, 
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nevertheless  they  impress  us  with  the 
notion  of  vitality;  and  it  is  difficult  to 
regard  the  revolving  shaft  of  a  water- 
wheel  or  turbine,  set  in  motion  by  some 
hidden  stream,  or  to  gaze  upon  the  steam 
engine  actuated  by  an  unseen  vapor, 
without,  as  I  have  said,  the  idea  being 
raised  in  our  minds  that  the  machines 
on  which  we  are  looking  are  really  en- 
dowed with  some  kind  of  life. 

The  invention  of  such  machines  marks 
a  very  great  step  in  the  progress  of  me- 
chanical science  in  the  world,  as  it  com- 
mences an  era  distinct  from  that  in  which 
mere  machines  to  be  acted  on  by  human 
or  animal  muscular  force  were  alone  in 
existence.  Machines  such  as  these,  high- 
ly useful  as  they  may  be,  are,  after  all, 
only  tools  or  implements  more  or  less  in- 
genious and  more  or  less  complex. 

Mankind  could  not  have  been  very 
long  upon  the  earth  before  they  must 
have  found  the  need  and  must  have  dis- 
covered the  utility  of  some  kind  of  tool 
or  implement ;  they  must  soon  have 
found  that  the  direct  action  of  the  power 
of  the  arm,  which  was  not  enough  by 
itself  to  break  up  some  obstacle,  became 
sufficient  if  that  action  were  applied  by 
the  wielding  of  a  heavy  club,  or  through 
the  putting  into  motion  of  a  large  stone, 
and  thus  the  hammer  or  its  equivalent 
must  have  been  among  the  earliest  of  in- 
ventions. Such  an  implement  must  soon 
have  taught  its  users  that  muscular  force 
could  be  exercised  through  a  considera- 
ble space,  could  be  stored  up,  and  could 
be  delivered  in  a  concentrated  form  by 
a  blow. 

Similarly  it  could  not  have  been  long 
before  it  must  have  been  found  that  to 
raise  water  in  the  hollow  of  the  hand  by 
repeated  Efforts  was  not  so  convenient  a 
mode  as  to  raise  it  in  a  bent  leaf  or  in  a 
shell,  and  in  this  way  another  implement 
would  speedily  be  invented.  We  might 
pursue  this  line  of  speculation,  and  do- 
ing so  we  should  readily  arrive  at  the 
conclusion  that  (without  attributing  to 
the  early  inhabitants  of  the  earth  any 
profound  acquaintance  with  mechanics) 
the  hammer,  the  lever,  the  wedge,  and 
other  simple  tools  and  utensils,  must 
soon  have  come  into  existence  ;  and  we 
should  also  be  led  to  believe  that  when, 
even  with  the  aid  of  tools  such  as  these, 
a  man  singly  could  not  accomplish  any 
desired  object,  the  expedient  of  combin- 


ing the  power  of  more  than  one  man  to 
attain  an  end  would  soon  be  thought  of, 
and  that  the  requisite  appliances,  such  as 
large  beams  used  as  levers,  numerous 
ropes  (which  must  very  early  in  the  his- 
tory of  the  world  have  been  twisted 
from  filaments)  and  matters  of  that 
kind,  would  come  into  use.  For  a  cor- 
roboration of  this  view,  if  one  were 
wanted,  the  fact  may  be  cited  that  on 
the  discovery  of  any  isolated  savage 
community  it  always  is  found  to  have 
advanced  thus  far  in  mechanical  art. 

But  passing  from  such  machines  as 
these,  which  are  rather  of  the  character 
of  tools  and  implements,  than  machines, 
as  we  now  popularly  use  the  word,  one 
knows  that  even  complicated  mechanism 
for  the  purpose  of  enabling  muscular 
force  to  be  more  readily  applied,  is  of 
very  ancient  date.  On  this  point- 1  will 
quote  from  only  one  book,  that  is  the 
Bible,  where,  at  the  10th  and  11th  verses 
of  the  11th  chapter  of  Deuteronomy,  a 
statement  is  made  clearly  indicating  that 
in  Egypt  irrigation  was  carried  on  by 
some  kind  of  machine  worked  by  the 
foot;  whether  the  treadwheel  with  water- 
buckets  round  about  it  mentioned  by 
Vitruvius,  or  whether  the  plank-lever 
with  a  bucket  suspended  at  one  end  and 
worked  by  the  laborer  running  along  the 
top  of  the  lever  to  the  other  end  (an  ap- 
paratus even  now  used  in  India),  we  do 
not  know;  but  that  it  was  some  machine 
worked  by  the  foot  is  clear  ;  the  state- 
ment being  that  when  the  Israelites  had 
reached  the  Promised  Land  they  would 
find  it  was  one  abounding  in  streams,  so 
as  to  be  naturally  watered,  and  that  it 
would  not  be  required  to  be  watered  by 
the  foot  as  in  Egypt.  Again,  in  Chron- 
icles it  is  related  that  King  Uzziah  loved 
husbandry,  and  that  he  made  many  en- 
gines, unhappily  not  in  connection  with 
agriculture,  but  for  warlike  purposes, 
"  to  shoot  arrows  and  great  stones  with- 
al." Further,  in  the  7th  chapter  of  the 
Book  of  Job,  we  have  the  comparison  of 
the  life  of  man  passing  away  swifter 
than  a  weaver's  shuttle  ;  this  points  un- 
mistakeably  to  the  fact  that  there  must 
in  those  days  have  been  in  existence  a 
loom,  capable  of  weaving  fabrics  of  such 
widths  that  the  shuttle  required  to  be 
impelled  with  a  speed  equal  to  a  flight 
from  one  side  of  the  fabric  to  the  other, 
and  no  doubt  such  a  fabric  must  have 
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been  made  in  a  machine  competent  at 
least  to  raise  and  depress  alternately  the 
halves  of  the  warp  threads.  The  potter's 
wheel  also  is  frequently  mentioned  in  the 
Bible. 

Such  instances  as  these  are  sufficient 
to  show  that  considerable  progress  must 
have  been  made  in  the  very  earliest 
days  of  history  in  the  construction  of 
machines  whereby  muscular  force  was 
conveniently  applied  to  an  end  ;  but  if 
we  leave  out  of  account,  as  we  fairly 
may,,  the  action  of  the  wind  in  propelling 
a  boat  by  sails,  and  the  action  of  the 
wind  in  winnowing  grain,  I  think  we 
shall  be  right  in  considering  that  in  the 
times  of  which  I  have  been  speaking 
there  did  not  exist  any  machine  in  the 
nature  of  a  power-giver  or  prime  mover. 

Doubtless  the  want  of  a  greater  force 
than  could  be  obtained  from  the  muscles 
of  one  human  being  must  have  soon 
made  itself  felt  ;  and  intelligent  men, 
conscious  of  their  own  ability  and  of 
their  mental  power  of  directing  a  large 
amount  of  work,  must  have  been  grieved 
at  finding  the  use  of  that  power  circum- 
scribed by  the  limited  force  of  their  own 
bodies,  and  therefore  early  in  the  world's 
history  there  must  have  been  the  attempt, 
by  the  offer  of  some  consideration  or  re- 
ward, to  induce  other  men  (men  gifted 
with  equal  or  stronger  muscles,  but 
probably  not  with  equal  minds)  to  work 
under  the  directions  of  these  men  of  su- 
perior intelligence.  But  when  such  aid 
as  this  became  insufficient,  the  way  in 
which,  in  all  probability,  the  people  of 
those  days  endeavored  to  satisfy  the 
further  demand  would  be  to  make  cap- 
tives of  their  enemies  and  to  reduce 
them  into  a  state  of  bondage,  to  grind  at 
the  mill,  to  raise  water,  or,  yoked  by  innu- 
merable cords  and  beams  to  some  heavy 
chariot  or  sledge,  to  draw  along  the  huge 
blocks  required  in  the  foundations  of  a 
temple,  or  for  the  building  of  a  pyramid, 
or  to  act  in  concert  on  the  many  oars  of 
a  galley,  although  by  what  means  this 
last-named  operation  was  performed  is 
not  very  clear.  Doubtless  under  this 
condition  of  things  there  must  have  been 
an  amount  of  human  suffering  which  is 
too  frightful  to  be  contemplated. 

Such  machines  as  those  to  which  I 
have  called  attention  could  not  have 
been  invented  and  brought  into  use 
without  the  exercise  of  much  mechanical 


skill ;  but  considerable  as  this  skill  must 
have  been  it  had  never  originated  a  prime 
mover  ;  it  had  given  no  source  of  power 
to  the  world,  but  had  left  it  dependent 
on  the  muscular  exertions  of  human  be- 
ings and  of  animals. 

Great  then,  was  the  step,  and  a  most 
distinct  era  was  it  in  mechanical  science, 
when  for  the  first  time  a  prime  mover 
was  invented  and  a  machine  was  brought 
into  existence  which,  utilizing  some  hith- 
erto disregarded  natural  force,  converted 
it  into  a  convenient  form  of  power,  by 
which  as  great  results  could  be  obtained 
as  were  obtainable  by  the  aggregation 
of  a  large  number  of  human  beings,  and 
could  be  obtained  without  bondage  and 
without  affliction. 

,  There  are  probably  few  sights  more 
pleasing  to  one  who  has  been  brought 
up  in  factories  than  to  watch  a  skillful 
workman  engaged  in  executing  a  piece 
of  work  which  requires  absolute  mastery 
over  the  tools  that  he  uses,  and  demands 
that  they  should  have  the  constant 
guiding  of  his  intelligent  mind.  Handi- 
craft work  of  such  a  kind  borders  upon 
the  occupation  of  the  artist,  and  to  see 
such  work  in  the  course  of  execution  is, 
as  I  have  said,  a  source  of  pleasure. 
But  when  descending  from  this  the.  work 
becomes  more  and  more  of  the  character 
of  mere  repetition,  and  when  it  is  accom- 
plished by  the  aid  of  implements  which, 
from  their  very  perfection  require  but 
little  mind  to  direct  them,  and  demand 
only  the  use  of  muscle,  then,  although 
the  labor,  when  honestly  pursued,  is  still 
honorable,  and  therefore  to  be  admired, 
there  comes  over  one  a  feeling  of  fear 
and  of  regret  that  the  man  is  verging 
towards  a  mere  implement.  But  when 
one  sees,  as  I  have  seen  in  my  time,  in 
England,  and  as  I  have  seen  very  recent- 
ly on  the  Continent,  men  earning  their 
living  by  treading  within  a  cage  to  cause 
it  to  revolve  and  thereby  to  raise  weights, 
an  occupation  demanding  no  greater  ex- 
ercise of  intelligence  than  that  which  is 
sufficient  to  start,  to  stop,  and  to  reverse 
the  wheel  at  the  word  of  command,  one 
does  indeed  regret  to  find  human  beings 
employed  in  so  low  an  occupation,  an 
occupation  that  places  them  on  a  level 
with  the  turnspit.  It  is  one  which  is 
most  properly  meted  out  in  our  prisons 
as  a  punishment  for  crime,  accompanied, 
however,  with  the  degradation  that  the 
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force  exerted  shall  be  entirely  wasted  in 
idly  turning  a  fan  in  the  free  air,  and 
thus  the  prisoner,  in  addition  to  the 
fatigue  of  his  body,  undergoes  the  hu- 
miliation of,  as  he  expresses  it,  "  grinding 
the  wind." 

If  they  played  no  other  part  than  that 
of  relieving  humanity  from  such  tasks 
as  these,  prime  movers  would  be  ma- 
chines to  be  hailed. 

True  it  is  that  the  laborers  who  were 
thus  relieved  would  not  thank  their 
benefactors,  and  indeed  so  far  as  the 
individuals  subjected  to  the  change 
were  concerned  they  would  have  cause 
not  to  thank  them,  because  they,  having 
been  taught  no  other  mode  of  earning  a 
livelihood,  and  finding  the  mode  they 
knew  set  on  one  side  by  the  employ- 
ment of  a  prime  mover,  would  be  at 
their  wit's  end  for  a  means  of  sub- 
sistence, and  would  be"  experiencing 
those  miseries  which  are  caused  by  a 
state  of  transition.  But  in  some  way 
the  men  of  the  transition  state  must  be 
relieved,  and  in  the  next  generation,  it 
no  longer  being  possible  to  subsist  by 
such  wholly  unintelligent  labor,  the 
energies  of  their  descendants  would  be 
devoted  to  gaming  a  livelihood  by  some 
occupation  more  worthy  of  the  mind  of 
man. 

Early  prime  movers,  from  their  com- 
paratively small  size,  probably  did  little 
more  than  thus  relieve  humanity;  but 
when  we  come  to  consider  the  prime 
movers  of  the  present  day,  by  which  we 
are  enabled  to  contain  within  a  single 
vessel  and  to  apply  to  its  propulsion 
■8,000  indicated  horse-power,  or  an  equi- 
valent of  the  labor  of  nearly  50,000 
men  working  at  one  time,  we  find  that 
the  prime  mover  has  another  and  most 
important  claim  upon  our  interest:  it 
enables  us  to  attain  results  that  it  would 
be  absolutely  impossible  to  attain  by 
any  aggregation  of  human  or  other 
muscular  effort,  however  brutally  in- 
different we  might  be  to  the  misery  of 
those  who  were  engaged  in  that  effort. 

Excluding  from  our  consideration  light 
and  even  electricity,  as  not  being,  up  to 
the  present  time,  sources  of  power  on 
which  we  rely  in  practice,  there  remain 
three  principal  groups  into  which  our 
prime  movers  may  be  arranged,  viz., 
those  which  work  by  the  agency  of  wind, 
those   which    work   by   the    agency   of 


water,  and  those  which  work  by  the 
agency  of  heat.  But  some  of  these 
great  groups  are  capable  of  division, 
and  indeed  demand  divison  into  various 
branches. 

Water  power  may  be  due  to  the  im- 
pact of  water,  as  in  some  kinds  of  water- 
wheels,  turbines,  and  hydraulic  rams,  or 
to  water  acting  as  a  weight  or  pressure, 
as  in  other  kinds  of  water-wheels,  and 
in  water-pressure  engines;  or  to  streams 
of  water  inducing  currents,  as  in  the 
case  of  the  jet-pump,  and  of  the 
"  Trombe  d'eau,"  or  to  its  undulating 
movements,  as  in  ocean  waves.  The 
ability  of  water  to  give  out  motive  force 
may  arise  from  falls,  from  the  currents 
of  rivers,  from  the  tides,  or,  as  has  been 
said,  from  the  oscillation  of  the  waves. 

Prime  movers  which  utilize  the  force 
of  the  wind  are  few  in  number  and  in 
all  cases  act  by  impact. 

As  regards  those  prime  movers  which 
work  by  the  aid  of  heat,  we  may  have 
that  heat  developed  by  the  combustion  of 
fuel,  and  being  so  developed  applied  to 
heating  water,  raising  steam,  and  work- 
ing some  of  the  numerous  forms  of 
steam-engines;  or,  as  in  the  case  of  the 
Giffard  injector,  performing  work  by  in- 
duced currents,  by  the  flow  of  steam;  or 
we  may  have  the  heat  of  fuel  applied  to 
vary  the  density  c£  the  air,  and  thus  to 
obtain  motion  as  by  the  smoke-jack;  or 
the  fuel  may  be  employed  to  augment 
the  bulk  and  the  pressure  of  gases,  as  in 
the  numerous  caloric  engines;  or  we 
may  have  heat  and  power  developed  in 
the  combustion  of  gases,  as  in  the  forms 
of  gas-engines;  or  in  the  combustion  of 
explosives,  as  in  gunpowder,  dynamite, 
and  other  like  materials,  used  not  only 
for  the  purposes  of  artillery  and  of  blast- 
ing, but  for  actuating  prime  movers  in 
the  ordinary  sense  of  the  word. 

Again,  we  may  have  the  heat  of  the 
sun  applied  through  the  agency  of  the 
expansion  of  gases  or  surfaces  to  the 
production  of  power,  as  in  the  sun- 
pumps  of  Solomon  de  Caus  and  of 
Belidor,  and  as  in  the  sun-engine  of 
Ericsson.  Finally,  we  may  have  the 
sun's  rays  applied  direct,  as  in  the  radi- 
ometer of  Mr.  Crookes. 

A  consideration  of  the  foregoing 
heads,  under  which  prime  movers  range 
themselves,  will  speedily  bring  us  to  the 
conclusion  that  the  main  centre  of  all 


PRIME  MOVERS. 


269 


mechanical  force  on  this  earth  is  the  sun. 
If  the  prime  movers  be  urged  by  water, 
that  water  has  attained  the  elevation 
from  which  it  falls,  and  thus  gives  out 
power  by  reason  of  its  having  been 
evaporated  and  raised  by  the  heat  of 
the  sun.  If  the  power  of  the  water  be 
derived  from  the  tidal  influence,  that  in- 
fluence is  due  to  the  joint  action  of  the 
sun  and  the  moon. 

If  the  prime  mover  depend  upon  the 
wind  for  its  force  either  directly,  as  in 
windmills,  or  indirectly,  as  in  machines 
worked  by  the  waves,,  then  that  wind  is 
caused  to  blow  by  variations  of  tem- 
perature due  to  the  action  of  the  sun. 
If  the  prime  mover  depend  upon  light 
or  upon  solar  heat,  as  in  the  case  of  the 
radiometer  and  of  the  sun  engine,  then 
the  connection  is  obvious;  but  if  the 
heat  be  due  to  combustion,  then  the  fuel 
which  supports  that  combustion  is,  after 
all,  but  the  sun's  rays  stored  up.  If  the 
fuel  be, .  as  is  now  sometimes  the  case, 
straw  or  cotton  stalks,  one  feels  that 
they  have  been  the  growth  of  the  one 


season's  effect  of  the  sun' 


rays. 


If  the 


fuel  be  wood,  it  is  equally  true  that  the 
wood  is  the  growth  of  a  few  seasons' 
exercise  of  the  sun's  rays,  but  if  it  be 
the  more  potent  and  more  general  fuel, 
coal,  then,  although  the  fact  is  not  an 
obvious  one,  we  know  that  coal  also  is 
merely  the  stored  up  result  of  many 
ages  exercise  of  solar  power. 

And  even  in  the  case  of  electrical 
prime  movers,  these  depend  on  the  slow 
oxidation,  that  is  burning,  of  metal  which 
has  been  brought  into  the  metallic  or 
unburnt  state  from  the  burnt  condition 
(or  that  of  ore)  by  the  aid  of  heat  gen- 
erated by  the  combustion  of  fuel. 

The  interesting  lecture-room  experi- 
ment with  glass  tubes  charged  with 
sulphide  of  calcium,  or  other  analogous 
sulphides,  makes  visible  to  us  the  fact 
that  the  sun's  rays  may  be  stored  up  as 
light;  but  that  they  are  as  truly  stored 
up  (although  not  in  the  form  of  light) 
in  the  herb,  the  tree,  and  the  coal,  we 
also  now  know;  and  we  appreciate  the 
far-seeing  mind  of  George  Stephenson 
who  astonished  his  friend  by  announcing 
that  a  passing  train  was  being  driven  by 
the  sun.  We  know  that  Stephenson 
was  right,  and  that  the  satirical  Swift  was 
wrong  when  he  instanced  as  a  type  of 
folly  the  people  of  Laputa  engaged  in 


extracting  sunbeams  from  cucumbers. 
The  sunbeams  were  as  surely  in  the  cu- 
cumbers as  they  are  in  the  sulphide  of 
calcium  tubes,  but  in  the  latter  case  they 
can  be  seen  by  the  bodily  eye,  while  in 
the  former  they  demand  the  mind's  eye 
of  a  Stephenson. 

Although  the  sailing  of  ships  and  the 
winnowing  of  grain  must,  from  very 
early  time,  have  made  it  clear  that  the 
wind  was  capable  of  exercising  a  mov- 
ing force,  nevertheless,  being  an  invisible 
agent,  it  is  not  one  likely  to  strike  the 
mind  as  being  fit  to  give  effect  to  a 
prime  mover,  and  therefore  it  is  not  to 
be  wondered  at  that  prime  movers  actu- 
ated by  water  are  those  of  which  we 
first  have  any  record,  unless  indeed  the 
toy  steam-engine  of  Hiero  may  be  looked 
upon  as  a  prime  mover  anterior  to  those 
urged  by  water.  It  would  appear  that 
in  the  reign  of  Augustus  water-wheels 
were  well  known,  for  Vitruvius,  writing 
at  that  time,  speaks  of  them  as  common 
implements,  but  not  so  common  as  to 
have  replaced  the  human  turnspit,  as  we 
gather  from  his  writings  that  the  em- 
ployment of  men  within  a  tread-wheel 
was  still  the  most  ordinary  of  obtaining 
a  rotary  force.  It  would  seem,  however, 
that  water  wheels  driven  by  the  impact 
of  the  stream  upon  pallet  boards  were 
employed  in  the  time  of  Augustus  not 
merely  to  raise  water  by  buckets  placed 
about  the  circumference  of  the  wheels, 
but  also  to  drive  mill-stones  for  grinding 
wheat,  and  Strabo  states  that  a  mill  of 
this  kind  was  in  use  at  the  palace  of  the 
King  of  Pontus. 

Having  thus  mentioned  the  earliest 
record  of  hydraulic  (or  indeed  of  any) 
prime  movers,  I  will  not  endeavor  to 
trace  their  history  down  to  modern 
times,  as  it  would  be  impossible  to  do  so 
usefully  within  the  limits  of  an  address. 
I  will  therefore  now  ask  you  to  join  me 
in  considering  what  are  the  conditions 
which  govern  the  application  of  water  to 
hydraulic  prime  movers. 

After  all  water  must  be  looked  upon  as 
a  convenient  form  of  descending  weight. 
When  the  fall  is  not  great  it  is  always 
practicable  by  means  of  water-wheels 
having  buckets  which  retain  the  water 
to  employ,  as  I  have  said,  its  mere 
gravity,  and  probably  it  is  by  this  mode 
that  the  highest  result  is  procured  from 
any   given    quantity   of    water  falling 
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through  a  given  height.  By  the  use  of 
a  backshot  wheel  as  much  as  seventy- 
five  per  cent,  of  the  total  power  is  ob- 
tainable. The  twenty-five  per  cent,  of 
loss  arises  from  the  friction  of  the  axle 
of  the  wheel  and  of  the  gearing  trans- 
mitting the  force  to  the  machine  which 
is  to  utilize  it;  from  some  of  the  water 
being  discharged  out  of  the  buckets 
before  the  bottom  of  the  fall  is  reached; 
from  the  necessary  clearance  between 
the  wheel  and  the  tail  water;  from  the 
eddies  produced  in  the  water,  as  it  enters 
the  buckets,  and  (to  a  certain  small 
extent)  from  the  resistance  of  the  air. 

When  the  difference  of  level  between 
the  source  of  water  and  its  delivery  ex- 
ceeds, however,  forty  or  fifty  feet,  the 
water-wheel  becomes  so  unwieldy  and 
expensive  and  revolves  so  slowly  that  it 
ceases  to  be  a  desirable  prime  mover; 
recourse  can  then  be  had  to  water-pres- 
sure engines,  engines  wherein  pistons 
move  in  cylinders  and  being  pressed 
alternately  in  opposite  directions  by  the 
head  of  water  set  up  rotary  motion  in 
the  machine  in  the  same  way  as  if  the 
pistons  were  acted  upon  by  steam.  In 
the  construction  of  such  water-engines 
great  care  must  be  taken  to  have  ample 
inlets  and  outlets  in  order  that  the  loss 
incurred  either  by  the  power  requisite 
to  drive  the  water  through  restricted 
orifices,  or  by  surface  resistance  caused 
by  a  too  speedy  flow  along  the  various 
passages  may  be  a  minimum.  Care  has 
to  be  taken  also  in  the  arrangements  of 
the  valves  that  the  engines,  when  em- 
ployed for  rotary  movement,  may  be 
able  to  turn  their  centres  without  pro- 
ducing an  injurious  pressure  upon  the 
water  within  the  cylinders.  Water- 
engines  employed  for  pumping,  but  with- 
out -rotary  movement,  are  mentioned  by 
Belidor  .in  his  "Architecture  Hydrau- 
lique,"  published  in  1739,  article  1,156. 
In  England  Sir  William  Armstrong  has 
brought  these  machines  to  great  per- 
fection. The  first  of  these,  erected 
many  years  ago,  is  still  working  most 
successfully  at  the  Allan  Head  Lead 
Mines.  This  machine  is  driven  by  a 
natural  head  of  water  and  not  from  an 
accumulator,  and  is  employed  in  the 
mine  as  a  winding  engine. 

An  extremely  useful  feature  in  engines 
of  this  kind  is  their  adaptability  to  be 
driven  by  the  pressure  of  water  derived 


from  an  ordinary  water- works,  and  in 
this  manner  small  manufacturers,  carry- 
ing on  business  in  their  own  houses,  are 
enabled  to  obtain  a  prime  mover  with 
great  ease,  and,  all  things  considered,  at 
small  cost.  Not  only  is  advantage  taken 
of  such  machines  for  the  purpose  of 
driving  manufactories,  but  water  cylin- 
ders are  now  largely  employed  for* work- 
ing the  bellows  of  church  organs,  for 
which  purpose  an  overshot  water-wheel 
is  shown  as  being  employed  as  far  back 
as  Solomon  de  Caus's  book,  date  1615. 

Large  water-wheels,  or  even  water- 
engines,  are  comparatively  costly  ma- 
chines, and  as  large  water-wheels  make 
but  few  revolutions  per  minute,  they  re- 
quire, as  has  been  said,  expensive  and 
heavy  gearing  to  get  up  speed  ;  thus  it 
is  that  it  frequently  becomes  a  desirable 
thing  to  dispense  with  such  machines 
and  to  resort  to  other  modes  of  making 
available  high  falls  of  water.  In  former 
times  this  was  done  by  suffering  the  im- 
petuous stream  of  water  to  beat  upon 
the  pallets  of  water-wheels,  but  from 
such  machines  only  a  poor  effect  could 
be  obtained,  as  a  large  portion  of  the 
energy  in  the  water  was  devoted  to  the 
formation  of  eddies  and  the  generation 
of  heat,  and  to  the  production  of  lateral 
currents,  leaving  but  a  small  percentage 
available  as  motive  power. 

Much  of  the  evil  effect,  however,  at- 
tendant upon  using  the  impact  of  water 
as  a  means  of  driving  water-wheels  is 
obviated  by  the  construction  invented  by 
the  distinguished  French  engineer  Pon- 
celet.  For  high  falls,  however,  the  im- 
plement now  generally  employed  is  the 
turbine,  of  which  the  well-known  Bar- 
ker's mill  may  be  looked  upon  as  the 
germ. 

I  have  got  before  me  No.  1,983,  a 
model  of  Fourneyron's  turbine. 

This  is  not  an  apt  model  for  my  pres- 
ent purposes,  inasmuch  as  it  is  one  to  be 
employed  with  a  comparatively  low  fall 
of  water,  but  even  in  such  instances  the 
turbine  gives  most  excellent  results,  and 
it  has  the  advantage  over  the  water- 
wheel  of  being  able  to  work  with  great 
efficiency  although  there  may  be  a  con- 
siderable rise  in  the  "  tail  water,"  a  rise 
which  would  materially  check  the  action 
of  an  ordinary  water-wheel.  In  this  tur- 
bine every  care  has  been  bestowed  to 
give  a   proper  form  to   the   pallets  on 
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which  the  water  acts  so  as  to  take  up, 
step  by  step  as  it  were,  the  whole  of  the 
energy  residing  in  the  stream,  so  that 
the  water  may  pass  away  from  the  tur- 
bine in'an  inert  condition,  and  so  that  in 
acting  upon  the  vanes  of  the  turbine, 
eddies  may  not  be  formed  and  thus  en- 
ergy may  not  be  wasted. 

There  are  probably  few  sights  more 
surprising  to  the  old-fashioned  mechanic, 
who  has  been  used  to  see  water-wheels 
of  fifty  or  even  seventy  feet  diameter 
employed  for  the  utilization  of  a  high 
fall,  than  that  of  a  turbine  occupying 
only  a  few  cubic  feet  of  space  but  run- 
ning at  such  a  velocity  as  to  consume 
the  whole  of  the  water  of  a  considerable 
stream,  and  so  to  consume  it  as  to  deliver 
nearly  as  large  a  percentage  of  useful 
effect  as  would  the  cumbrous  water-wheel 
itself. 

If  the  object  is  merely  to  raise  water 
this  can  be  done  without  the  employ- 
ment of  either  water-wheel  or  turbine. 
When  a  small  quantity  is  required  to  be 
raised  to  a  considerable  height  the  Mont-' 
golfier  ram  is  employed.  No.  1,996, 
which  I  have  before  me,  is  a  glass  model 
of  such  a  ram,  but  I  fear  it  is  too  small 
to  be  visible,  except  to  those  who  are 
very  near  to  the  table.  You  are,  how- 
ever, all  aware  that  the  principle  of 
action  consists  in  the  sudden  arrestment 
of  a  column  of  water  flowing  with  a 
velocity  due  to  the  head.  The  water  on 
being  arrested  performs  two  functions,  a 
small  portion  raises  an  outlet  valve,  and 
thereby  passes  into  an  air-vessel  against 
a  pressure  competent  to  drive  the  water 
up  to  the  desired  height;  while  the  main 
body  recoils  along  the  supply  pipe;  then, 
the  escape  valve  having  opened,  the 
water  that  has  recoiled,  returns,  a  large 
portion  passes  out  of  the  valve,  and  thus 
the  velocity  being  fully  established  the 
escape  valve  shuts  and  causes  another 
arrestation  and  a  repetition  of  the  work- 
ing. This  is  an  implement  by  which  a 
large  volume  of  water,  coupled  with  a 
low  fall,  can  be  made  to  raise  a  portion 
of  itself  to  a  great  height.  But  there  is 
a  converse  use  of  water,  wherein  the  em- 
ployment of  a  small  stream  of  water 
moving  rapidly  (owing  to  its  having 
fallen  from  a  considerable  height)  is 
caused  to  induce  a  current  in  other 
water  and  to  draw  it  along  with  itself 
at  a  diminished  velocity  but  still  with  a 


velocity  competent  to  raise  the  united 
stream  to  a  less  height,  and  in  this  man- 
ner many  swamps  and  marshy  lands 
have  been  drained. 

This  employment  of  the  induced  cur- 
rent as  a  prime  mover  is  described  by 
Venturier  in  the  record  of  his  experi- 
ments made  at  the  latter  end  of  the 
eighteenth  century,  and  within  the  last 
few  years  Mr.  James  Thomson  has  ap- 
plied the  same  principal  with  great  suc- 
cess in  his  jet  pump. 

The  next  mode  I  shall  notice  of  ob- 
taining motive  power  from  water,  is  also 
one  where  it  operates  by  an  induced 
current  ;  this  is  the  "  Trombe  d'eau,"  an 
apparatus  wherein  water  falling  down  a 
vertical  pipe,  induces  a  current  of  air  to 
descend  with  it.  The  lower  end  of  the 
vertical  pipe  being  connected  with  the 
upper  side  of  an  inverted  vessel,  the  bot- 
tom of  the  sides  of  which  vessel  is  sealed 
by  a  water  joint,  then  the  water  dashing 
upon  a  block  placed  below  the  mouth  of 
the  pipe,  is  separated  from  the  air,  so 
that  while  the  water  descends  and  es- 
capes from  under  the  sides  of  the  vessel, 
the  air  rises  and  accumulates  in  the  up- 
per part  from  whence  it  can  be  led 
away  to  blow  a  forge  fire.  These  ma- 
chines are  described  in  Belidor's  work. 

The  utilization  of  the  rise  and  fall  of 
the  tide  is  also  fully  described  by  Beli- 
dor,  who  gives  drawings  of  channels  so 
arranged  that  during  both  the  rise  and 
fall  of  the  tide  the  wheel,  notwithstand- 
ing the  reversal  of  the  currents,  revolves 
in  one  and  the  same  direction.  The 
tide  is  a  source  of  power  which  it  is 
highly  desirable  should  be  utilized  to  a 
greater  extent  than  it  is  ;  if  we  consider 
the  enormous  energy  daily  ebbing  and 
flowing  round  our  shores,  it  does  seem  to 
be  a  matter  of  great  regret  that  this  en- 
ergy should  be  wasted,  and  that  coal 
should  be  burnt  as  a  substitute. 

The  last  mode  in  which  power  may  be 
obtained  from  water,  to  which  I  have  to 
allude,  is  that  of  the  employment  of  the 
waves. 

Earl  Dundonald,  better  known  as 
Lord  Cochrane,  proposed  by  his  patent 
of  1833  to  utilize  this  power  for  propel- 
ling a  vessel;  this  he  hope  to  accomplished 
by  the  use  of  cylinders  containing  mer- 


cury, 


the  oscillations  of  which  were  to 


cause  a  vacuous  condition  in  the  cylin- 
ders, and  thereby  give  motion  to  an  air- 
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pressure  engine.  Lately  we  have  had 
produced  before  the  Institution  of  Naval 
Architects,  and  also  before  the  British 
Association  at  Bristol,  the  apparatus  of 
Mr.  Tower,  by  which  the  motion  of  the 
waves  is  to  be  utilized ;  a  model  con- 
structed on  this  principle  has  driven,  it 
is  said,  a  boat  against  the  wind  at  some 
two  or  three  miles  an  hour. 

The  next  kind  of  prime-movers  in  order 
of  date  to  be  considered,  are  those  that 
are  worked  by  the  wind. 

Although,  undoubtedly,  the  propelling 
of  a  ship  by  sails,  and  even  the  winnow- 
ing of  grain,  must  have  long  preceded 
the  invention  of  a  prime  mover  driven 
by  water,  yet  the  employment  of  the 
wind  as  a  source  of  motive  power  for 
driving  machinery,  appears  to  be  but  of 
comparatively  recent  date.  It  is  said 
that  the  knowledge  of  this  kind  of  prime 
mover  was  communicated  to  Europe  by 
the  Crusaders  on  their  return  from  the 
East,  but  it  is  difficult  to  see  what  found- 
ation there  is  for  this  statement.  It  ap- 
pears to  be  certain,  however,  that  wind- 
motors  were  commonly  employed  in 
France,  Germany,  and  Holland,  in  the 
thirteenth  century. 

We  can  easily  understand  that  in 
countries  where  water  falls  in  quantities 
and  rapid  streams  are  abundant,  the 
windmill  would  not,  owing  to  its  uncer- 
tainty, be  resorted  to ;  on  the  other 
hand,  in  inland  countries  and  in  countries 
like  Holland,  where  the  streams  are 
sluggish,  and  where  there  is  a  large 
amount  of  land  to  be  drained,  the  wind, 
although  still  uncertain,  would,  never- 
theless, be  a  valuable  power,  and  there- 
fore would  be  utilized. 

Prime  movers  to  be  worked  by  the 
wind  appear  to  have  been  made  practi- 
cally in  only  two  forms:  viz.,  the  common 
one,  wherein  a  nearly  horizontal  axle 
carries  four  or  more  twisted  radial  sails, 
and  that  one  wherein  the  axle  is  vertical 
and  the  arms  project  from  it  laterally 
either  as  radial  fixed  arms,  as  curved  fix- 
ed arms,  or  as  arms  having  a  feathering 
motion  similar  to  that  of  paddle-wheels. 
Where  the  arms  are  straight  and  fixed, 
some  contrivance  must  be  resorted  to  to 
obtain  a  greater  pressure  of  wind  on  one 
side  than  on  the  other. 

Bessoni,  in  his  work  "The  Theory  of 
Instruments  and  Machines,"  published  at 
Lyons  in  1582,  describes  a  windmill  with 


vertical  spindle  and  curved  horizontal 
arms,  placed  in  a  tower  with  a  wind- 
guard,  and  by  the  drawing  shows  it 
working  a  chain-pump.  Belidor  also 
says  in  Article  852  that  windmills  with 
vertical  axles  were  well  known  in  Portu- 
gal and  in  Poland,  and  he  describes  how 
that  they  work  within  a  tower,  the  upper 
part  of  which  was  fitted  with  a  movable 
portion  to  act  as  a  screen  to  one  side  of 
the  mill. 

I  will  not  detain  you  by  an  illusion  to 
the  sailing  chariot  mentioned  by  my 
Uncle  Toby  in  "  Tristram  Shandy,"  nor 
will  I  pause  to  describe  the  very  modern 
one,  that  is  to  say,  not  more  than  about 
thirty  years  old,  which  was  employed 
upon  Heme  Bay  Pier.  In  fact  this  Ex- 
hibition gives  but  little  encouragement 
to  pursue  the  subject  of  prime-movers 
worked  by  wind,  as  I  have  not  as  yet 
come  across  in  the  Catalogue  any  appa^ 
ratus  illustrative  of  the  subject. 

It  is  to  be  regretted  that  the  use  of 
this  kind  of  prime-mover,  the  windmill, 
is  on  the  decline.  It  is  a  power  that 
costs  nothing  ;  the  machinery  can  be 
erected  in  almost  any  situation ;  and  al- 
though such  a  motor  cannot  by  itself  be 
depended  on,  being  of  necessity  "  as  un- 
certain as  the  wind,"  it  nevertheless 
might  be  commonly  employed  as  an  aux- 
iliary to  steam-power,  diminishing  the 
load  upon  the  engine  in  exact  proportion 
as  it  was  urged  by  any  wind  which 
might  happen  to  blow. 

I  may  say,  to  the  credit  of  our  Ameri- 
can brethren,  that  they  employ  on  their 
sailing-ships  a  windmill  known  by  the 
sailors  as  "The  Sailor's  Friend,"  to 
pump,  to  work  windlasses,  and  to  do  all 
those  matters  which  in  a  steamship  fall 
to  the  lot  of  the  donkey-engine  and 
steam  winch,  unless,  as  in  a  recent  voyage 
in  which  all  Englishmen  have  been  so 
much  interested,  these  duties  were  im- 
posed upon  the  baby  elephant. 

There  is  one  motor  which  may  be  put 
either  into  this  class  or  into  the  next, 
where  we  consider  the  application  of 
heat ;  I  allude  to  the  smoke-jack,  but  be- 
yond recognizing  its  existence  as  a  prime 
mover,  and  a  very  early  one  indeed  (it  is 
to  be  found  in  Zoncas'  work  published  in 
1621),  attention  need  nof  be  bestowed 
upon  it. 

We  now  come  to  consider  those  prime 
movers  which  are  worked  by  the  im- 
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mediate,  and  not  by  the  secondary,  action, 
of  heat. 

The  direct  rays  of  the  sun  have,  for  a 
very  long  time  past,  been  suggested  as  a 
means  of  obtaining  motive  power.  Solo- 
mon de  Caus,  in  his  work  published  in 
1615,  describes  a  fountain  which  is  caused 
to  operate  by  the  heat  of  the  sun's  rays 
expanding  the  air  in  a  box,  and  expelling 
thereby,  through  a  delivery  valve,  the 
water  from  the  lower  part  of  the  box. 
When  the  sun's  rays  have  been  with- 
drawn, the  air,  cooling,  contracts  a  suc- 
tion valve,  opens  and  admits  more  water 
into  the  box  to  be  again  displaced  on  the 
following  clay.  He  also  gives  a  drawing 
of  an  apparatus  where  the  effect  of  the 
sun's  rays  is  to  be  intensified  by  a  num- 
ber of  lenses  in  a  frame.  Solomon  de 
Caus  proposes  these  machines  as  mere 
toys  to  work  an  ornamental  fountain, 
but  Belidor,  by  Article  827,  describes 
and  shows  a  sun  p^mp  consisting  of  a 
large  metallic  sphere,  fitted  with  a  suc- 
tion pipe  and  valve,  and  a  delivery  pipe 
and  valve,  and  occupied  partly  by  water 
and  partly  by  air;  the  suggestion  being 
as  in  the  case  of  Solomon  de  Caus,  that 
the  heat  of  the  sun  in  the  daytime  ex- 
panding the  air  should  drive  up  the  wa- 
ter into  a  reservoir,  while  the  contraction 
of  the  air  in  the  night-time  should  ele- 
vate the  water  by  the  suction  pipe  and 
recharge  the  sphere  for  the  next  day's 
work.  In  modern  times,  as  we  know, 
some  attempts  to  obtain  practical  motive 
power  from  the  direct  action  of  the  sun 
have  been  made,  and  notably  by  Capt. 
Ericsson. 

The  temptation  to  endeavor  to  bring 
into  practical  use  a  machine  of  this 
character  is  very  great.  We  were  told 
by  our  President,  in  a  lecture  delivered 
by  him  to  the  British  Association  at 
Bradford,  that  the  solar  heat,  if  fully  ex- 
ercised all  over  the  globe,  supposing 
that  globe  to  be  entirely  covered  with 
water,  would  be  sufficient  to  evaporate 
a  layer  fourteen  feet  deep  of  water  per 
annum.  Now  assuming  ten  pounds  of 
water  evaporated  from  the  temperature 
of  the  air  into  steam  by 'the  combustion 
of  one  pound  of  coal  (a  much  larger  re- 
sult than  unhappily  is  got  in  regular 
work),  this  would  represent  an  effect  ob- 
tained from  the  sun's  rays  on  each  acre 
of  water  equal  to  the  combustion  of 
1680  tons  of  coals  per  annum,  or  to 
Vol.  XV.—  No.  3—17. 


about  92  cwt.  of  coal  per  acre  per 
twenty-four  hours  ;  or  enough  to  main- 
tain an  engine  of  200  gross  indicated 
horse-power  day  and  night  all  the  year 
round.  When,  however,  we  consider 
the  effect  of  the  sun,  not  upon  the  sur- 
face of  water  but  upon  the  earth,  and 
deal  with  its  power  of  producing  heat- 
giving  material,  the  result  compares  very 
unfavorably  with  the  work  done  by  the 
sun  itself  ;  and  this,  no  doubt,  arises 
first,  from  the  fact  that  the  sun  is  fre- 
quently obscured,  and  second,  from  the 
fact  that  a  large  portion  of  the  energy 
of  the  sun  is  spent  in  evaporating  moist- 
ure from  the  ground,  and  not  in  the  di- 
rect production  of  combustible  material. 
I  have  found  it  extremely  difficult  to  ob- 
tain any  reliable  data  as  to  the  weight  of 
fuel  grown  per  acre  per  annum.  If  we 
i  take  the  sugar  cane,  we  find  that  in  ex- 
tremely favorable  cases  as  much  megass 
and  sugar  together  are  produced  as 
would  equal  in  calorific  effect  about  five 
tons  of  good  Welsh  coal.  Coming  to 
our  own  country  and  dealing  with  a  field 
of  wheat,  the  wheat  and  straw  together 
may  be  taken  as  being  equal  probably  to 
about  two  tons  of  coal  as  a  maximum. 
The  statements  made  to  me  with  regard 
to  the  production  of  timber  per  acre  per 
annum,  when  grown  for  the  purpose  of 
burning,  are  very  various  ;  but  the  best 
average  I  can  make  from  them  is,  that  in 
this  country  there  is  produced  as  much 
wood  as  is  equal  in  calorific  effect  to 
about  one  and  a  half  tons  of  good  coal 
per  acre.  Comparing  these  productions 
of  heat-giving  material  with  the  energy 
of  the  sun,  as  shown  in  the  evaporation 
of  water,  one  shows  how  tempting  a 
field  is  that  of  the  direct  employment  of 
the  solar  rays  as  a  source  of  power  ; 
more  especially,  when  it  is  remembered 
that  those  rays  are  obtained  from  week 
to  week,  and  year  to  year,  without  hav- 
ing to  wait  the  tardy  growth  of  the  fuel- 
destined  tree. 

I  will  now  ask  you  to  consider  with 
me  the  prime  movers  that  owe  their  en- 
ergy to  the  heat  developed  by  the  com- 
bustion of  some  ordinary  kind  of  fuel — 
coal  or  wood.  Passing  by,  as  a  mere  toy 
and  not  an  actual  prime  mover,  the  re- 
actionary steam  sphere,  the  eoliopile  of 
Hero,  I  will  come  at  once  to  those  simple 
forms  of  heat-engine  (whether  worked 
by  steam  or  the  expansion  of  air),  by 
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which  water  was  to  be  raised.  Solomon 
de  Caus,  in  his  work  of  1615  already 
mentioned,  says,  that  if  you  fill  a  globe 
with  water  and  have  in  its  upper  part  a 
pipe  dipping  nearly  to  the  bottom,  and 
if  you  put  the  globe  upon  the  fire  the 
heat  will  cause  the  expansion  of  the  con- 
tents, and  the  water  will  be  delivered  in 
a  jet  out  of  the  tube. 

The  Marquis  of  Worcester  in  his 
"  Century  of  Inventions,"  published  in 
1569,  makes,  as  is  well  known,  a  similar 
proposition,  but  it  does  not  appear  that 
these  machines  were  seriously  contem- 
plated for  practical  use.  Papin  (I  take 
Belidor's  Article  No.  1,276  as  my  au- 
thority) in  1698  (as  appears  in  his  pam- 
phlet of  1*707)  experimented  by  order  of 
Charles,  the  Landgrave  of  Hessen  Cassel, 
with  the  view  of  ascertaining  how  to 
raise  water  by  the  aid  of  fire.  But  his 
experiments  were  interrupted  and  he  did 
not  resume  them  until  Leibnitz,  by  a  let- 
ter of  Jan.  6,  1705,  called  his  attention 
to  what  Savery  was  doing  in  England, 
sending  him  a  copy  of  a  London  print 
of  a  description  of  Savery's  engine. 
This  engine,  which  of  course  is  well 
known  to  you,  is  illustrated  by  a  model 
in  this  collection,  and  now  on  the  table 
before  me.  Savery  employed  a  boiler, 
the  steam  from  which  was  admitted  into 
a  vessel  furnished  like  the  sun-pump  of 
Belidor  with  a  suction  pipe  and  clack, 
and  a  delivery  pipe  and  clack  ;  the 
steam  being  shut  off,  cold  water  was 
suffered  to  flow  over  the  vessel,  a  vacuum 
was  made  and  water  raised  into"  the  ves- 
sel, which  was  expelled  out  of  the  de- 
livery pipe  upon  the  next  admission  of 


steam,  the  cocks  being  worked  by  hand. 
This  machine  came  into  very  considera- 
ble use  and  was  undoubtedly  the  first 
practical  working  steam  engine.  It  had, 
however,  the  defect  of  consuming  a  large 
quantity  of  steam,  as  the  steam  not  only 
came  into  contact  with  the  cold  vessel  but 
also  with  the  surface  of  the  water  in 
that  vessel.  Papin,  as  we  know,  obviat- 
ed a  portion  of  this  loss  by  the  employ- 
ment of  a  floating  piston  placed  so  as  to 
keep  the  steam  from  actual  contact  with 
the  surface  of  the  water. 

We  have  in  the  collection,  No.  2,007, 
a  cylinder  from  Hessen  Cassel,  said  to 
be  of  the  date  of  1699  and  to  have  been 
intended  for  employment  in  Papin's  ma- 
chine, but  it  is  difficult  to  say  for  what 
part  of  the  apparatus  it  could  have  been 
designed,  inasmuch  as  the  cylinder  is 
provided  with  a  flange  at  one  end  only 
and  no  means,  so  far  as  I  can  ascertain,  ex- 
ist for  closing  the  olier  end.  You  will  see 
from  the  diagram  that  which,  no  doubt, 
is  already  well  known  to  you;  Papin  did 
not  propose  to  condense  the  steam,  and 
by  its  condensation  to  "draw  up"  the 
water  (to  use  a  familiar  expression),  but 
intended  that  the  vessel  should  be 
charged  by  a  supply  from  above,  and, 
that  the  steam  should  be  employed  only 
to  press  on  the  floating  piston  and  to 
drive  the  water  out.  Papin,  however, 
hoped  to  use  his  engine,  not  merely  as  a 
water-raiser,  but  as  a  source  of  rotary 
power  by  allowing  the  water  to  issue 
from  the  air  vessel,  so  as  to  impinge 
upon  the  pallets  of  a  water-wheel  and 
thus  produce  the  required  revolution. 


AMERICAN  IRONMAKINGh 


From  "Iron. 


Recent  reports  on  the  condition  and 
progress  of  iron  and  steel  making  in 
the  United  States  are  not  only  full  of 
interest,  but  of  warning  to  English 
makers.  Confident  in  the  possession  of 
cheap  labor  and  cheaper  raw  material, 
our  home  manufacturers  were,  in  the 
period  of  their  prosperity,  not  unnatur- 
ally somewhat  slow  in  adopting  the 
newest  improvements,  Trade  was  so 
g  >od,  and  labor  for  a  time  so  plentiful, 


that  outlay  on  new  plant  seemed  a  work 
of  supererogation.  So  much  was  labor 
and  fuel  -  saving  machinery  overlooked, 
that  within  half-a-dozen  years  great 
establishments  were  worked  with  ap- 
pliances of  venerable  antiquity.  The 
old,  wasteful  and  unpractical  form  of 
blast-furnace  was  met  with  in  ironworks 
of  world-wide  fame,  and  the  conviction 
that  ancient  methods  of  working  were 
preferable  to  the  introduction  of  novel 
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and   costly   plant    prevailed   very   gen- 
erally.    In  the  United  States  the  con- 
ditions of  existence  by  the  iron   trade 
were   widely  different.     The   sickly  in- 
fant required  careful  nursing  and  tend- 
ing, and  its  growth  proved  costly  enough 
to  the  whole  body  politic.     Almost  pro- 
hibitory duties  failed  to  protect  the  ju- 
venile industry  of  Pennsylvania  against 
foreign  competition.     Immense  imposts 
were  laid  upon   European  goods,   with 
the  simple  result  of  raising  prices   and 
increasing  the  demands  of  the  working 
population.     The  process  of   "  leveling- 
up  "  went  on  at  a  tremendous  rate,  until  i 
it  was  found  that  the  profits  realized  by  , 
the  assimilation  of  the  prices  of  home- 
made articles  to  those  of  foreign  manu- 1 
facture   were   almost   entirely  absorbed 
by   the    artisan.     Then    the    American 
manufacturers    of    iron    and    hardware ; 
commenced  a .  line  of  policy  which  was  I 
attended  by  remarkable  success  until  the 
recent   arrest    of    the    iron    trade,    and 
promises  in  the  future  to  have  a  severe  ! 
effect  upon  our  own  commerce.     All  the  j 
efforts  of  a  singularly  long-headed  and  \ 
energetic  people  have  been — for  several 
years    past — devoted   to   the   object   of 
reducing   .the    cost  of    manufacture  by 
the   introduction    and   improvement   of  J 
machinery.     The    success   of    those    en- 
deavors has  been  proved  by  the  stand 
that  American  hardware  has  beenenaj 
bled  to  make  against  our  own  goods  in  j 
our  own  colonies.     It  would  seem  as  if  j 
that    necessity    which    compels    the   in- 
genuity of  man  to  redress  the  inequalities 
of  nature,  which  has  made  Scotch  agri- 
culturists and  horticulturists  the  best  in 
th$   world,  had   operated   on   singularly 
plastic  material  in  America.     Wherever 
machinery  could  be  introduced  it  was 
pushed  forward,  to  the   ultimate  super- 
cession  of    hand-labor.     The    dream   of 
the  capitalists,  despite  the  "  highf alutin  " 
about  protecting  American  industry  and 
the    legitimate   gains  of   the   American 
artisan  against  the   "  pauper  labor  "  of 
Europe,  was  his  own  emancipation  from 
the  tyranny  of  trades  unions  and  the  in- 
solence  of    workmen's    delegates.     The 
entire  bent  of  American  ingenuity  since 
the  civil  war  has  been  to  elide  the  hand 
of    the    cunning   workman   from   every 
enterprise  in  which  capital  is  involved, 
and  the  effect  of  this  determination  of 
human   intellect   in   one   particular   di- 


rection has  been  to  place  America  far 
before  all  other  nations  in  the  wholesale 
employment  of  devices  for  saving,  or 
doing  without,  human  labor.  So  far  as 
the  iron  trade  is  concerned,  it  would  be 
idle  to  suppose  that  our  cousins  have 
much  to  learn  from  us.  American  en- 
gineers and  smelters  travel  over  Europe 
as  well  as  England,  and  are  singularly 
well  fitted  to  decide  upon  the  particular 
process  best  adapted  for  given  material 
and  locality.  Henceforward,  Americans, 
Belgians,  and  other  competitors  for  the 
iron  market  of  the  nations,  start  from 
the  same,  if  not  a  more  favorable  level, 
than  that  occupied  by  England.  The 
distance  which  separates  the  deposits  of 
iron  from  those  of  coal  in  several  parts 
of  the  United  States  has  strongly  stimu- 
lated the  utilization  of  waste  heat.  In 
Mr.  Harriss-Gastrell's  report  on  the  iron 
and  steel  industries  of  the  United  States, 
an  interesting  account  may  be  found  of 
the  many  schemes  adopted  from  time  to 
time  for  saving  the  heat  generated  by 
the  coal  for  which  the  ironmaker  is  de- 
pendent upon  the  miner.  The  practice 
of  "  cogging "  instead  of  hammering 
blooms,  which,  on  its  recent  introduction 
into  Sheffield,  threw  a  large  number  of 
hammermen  out  of  employ,  was  tried 
and  employed  long  ago  in  America.  So 
far  as  Bessemer  steel  is  concerned, 
American  makers  appear  almost  agreed 
in  preferring  rolled  or  "  cogged "  to 
hammered  blooms,  and  have  devoted 
much  time  and  thought  to  perfecting 
the  machinery  for  the  more  modern  pro- 
cess. It  has  been  settled  to  their  satis- 
faction, at  least,  that  rolling  produces  a 
steel  of  greater  uniformity  in  texture 
and  greater  ductility.  "  Rolling  also 
saves  excessive  waste  in  rail  ends,  since 
rolled  blooms  being  equal  in  section 
give  equal  weights  for  the  same  lengths; 
while  hammered  ingots  vary  consider- 
ably in  section,  requiring  a  maximum 
allowance  for  fag  ends."  Particular  at- 
tention has  been  turned  of  late  years  to 
the  production  of  Bessemer  steel,  and  it 
has  been  proved  in  America,  as  in  this 
country,  that  "  in  some  localities  Besse- 
mer rails  can  be  produced  almost  as 
cheaply  as  the  best  iron  rails."  We 
have,  in  a  previous  issue  of  Iron,  ad- 
verted to  the  swift  growth  of  the  Besse- 
mer rail  trade  in  the  United  States,  and 
to  the  probability  that  the  make  of  steel 
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rails  will  altogether  outrun  that  of  iron, 
and  it  is  needless  to  strengthen  that  con- 
clusion by  any  fresh  quotations.  That 
steel  will  ultimately  supersede  iron,  not 
only  for  railway  material,  but  for  boilers, 
boats  and  bridges,  appears  so  certain  that 
our  Cleveland  makers,  certainly  not  the 
least  clear-sighted  in  this  or  any  other 
country,  are  striving  desperately  against 
the  objectionable  quality  of  their  native 
pig-iron,  and  endeavoring  to  naturalize 
in  the  North  a  steel  in  the  place  of  an 
iron  rail  trade.  The  Americans  have 
been  quicker  than  ourselves  to  appre- 
hend the  period  of  transition,  and  have 
gained  a  good  start  in  saving  labor  and 
in  improving  processes  and  machinery. 
Among  a  people  desirous  of  new  things, 
a  new  suggestion  is  immediately  inquired 
into;  if  it  looks  practical,  it  is  tried; 
and,  if  successful,  applied.  The  utiliza- 
tion of  the  waste  heat  of  furnaces,  the 
rotary  squeezer,  the  three-high  rolls,  the 
nail,  screw  and  horseshoe  machines,  and 
the  improvements  in  Bessemer  plant, 
testify  abundantly  to  the  practical  man- 


ner in  which  the  United  States  has 
striven  to  make  up  its  lost  ground  in  the 
iron  trade;  and  it  is  noteworthy  that  a 
season  of  adversity  has  been  productive 
of  considerable  improvements  in  our 
English  methods  of  working — by  pre- 
cisely the  same  kind  of  pressure  as  that 
which  has  been  in  operation  for  many 
years  past  in  America.  One  step — 
talked  about  for  years  in  this  country — 
and  practised  all  the  while  in  Styria,  has 
actually  been  accomplished — the  im- 
mediate conversion  of  melted  raw  iron 
into  Bessemer  steel  without  allowing  it 
to  solidify  into  the  intermediate  form  of 

We  are  content  to  accept  this  step  in 
advance  as  a  happy  augury  that  Eng- 
land will  not  easily  be  outstripped  in 
the  impending  struggle  for  the  position 
of  chief  steelmaker  to  the  world;  but 
we  would,  at  the  same  time,  point  out 
that  every  year  new  competitors  spring 
into  the  market,  and  that  both  energy 
and  ability  must  be  employed  if  Eng- 
land is  to  hold  her  own. 


THE  MECHANICAL  THEORY  OF  HEAT.* 

From  "  The  Engineering  and  Mining  Journal." 


The  history  of  scientific  progress 
clearly  indicates  the  fact  that  there  are 
two  processes  by  which  our  knowledge 
of  natural  phenomena  is  obtained.  The 
first  is  experimental  or  observational. 
In  it  we  take  the  facts  of  Nature  as  they 
are  presented  to  us  in  their  simple  or 
concrete  forms  ;  we  study  and  analyze 
them;  we  subject  them  to  trials  of  vari- 
ous kinds,  or  observe  them  in  their  vary- 
ing relations,  and  thus  we  seek  the  com- 
prehensive law  which  underlies  them. 
The  second  process,  although  often  co- 
existent with  the  first,  is  philosophically 
distinct  from  it.  When,  by  a  wide  ap- 
plication of  the  first  process,  the  general 
underlying  law  has  been  detected,  we 
formulate  it,  extend  it  to  other  facts  not 
examined,  and  by  its  development  arrive 
at  the  knowledge  of  new  truth.     It  is 

*  The  Mechanical  Theory  of  Heat  and  its  Applications 
to  the  Steam  Engine,  etc.  By  R.  S.  McCulloch,  Civil 
Engineer  and  Prof  essor  of  Mechanics  in  Washington  and 
Lee  University,  Lexington,  Va.  New  York :  D.  Van 
ISfostrand.    Price  $3.50. 


only  when  this  process  has  been  well 
advanced  that  any  branch  of  knowledge 
has  a  right  to  the  name  of  science. 

The  history  of  the  Science  of  Mechan- 
ics well  illustrates  these  ideas.  Al- 
though in  its  development  the  deduction 
went  hand  in  hand  with  the  deductive 
method,  from  the  time  of  Archimedes  to 
that  of  Newton,  it  may  said  to  have 
been  in  the  experimental  or  observa- 
tional stage.  Even  Newton,  superb 
analyst  as  he  was,  sought  rather  to  ex- 
tend the  knowledge  of  mechanical  prin- 
ciples and  laws,  than  to  generalize  the 
science,  and  to  formulate  it.  Passing 
over  the  labors  of  Euler  and  D'Alem- 
bert,  we  may  say  that  the  science  made 
its  greatest  advance  towards  perfection 
when,  in  1788,  Lagrange  formulated  it 
in  the  Mecanique  Analytique.  In  the 
history  of  Applied  Mechanics,  Newton, 
of  course,  stands  pre-eminent.  In  the 
perfection  and  formulation  of  Mechan- 
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ics,   as    a    science,  the    palm    must  be 
awarded  to  Lagrange. 

Since  the  time  of-  Lagrange  there  have 
been  various  improvements  in  the  divi- 
sion and  arrangement  of  the  science,  but 
only  two  generalizations  of  sufficient 
breadth  and  importance  to  be  noticed 
here.  The  first  is  the  general  recogni- 
tion of  the  almost  universal  applicability 
to  problems  of  terrestrial  mechanics, 
work,  etc.,  of  the  theorem  of  vis  viva. 
This  step  was  due  to  Navier,  Poncelet, 
Poisson,  Coriolis,  Ampere,  and  Belanger. 
Its  history  is  unwritten,  and  can  only  be 
gathered  with  difficulty  from  their  Me- 
moirs. The  second  step  was  the  firm 
establishment  of  the  principle  of  the 
conservation  -of  energy,  and  its  mathe- 
matical formulation  as  the  basis  of  the 
science  of  energetics.  This  is  due  al- 
most entirely  to  the  development  of  the 
mechanical  theory  of  heat  ;  a  theory 
which  has  been  advanced,  established, 
and  formulated  almost  entirely  within 
the  last  half  century.  It  is  interesting 
and  instructive  to  observe  how  the  pro- 
cesses which  we  have  described  have 
worked  together  in  the  development  and 
establishment  of  this  theory.  Of  course 
the  first,  or  experimental,  process  has 
been  the  one  most  employed,  for  the 
theory  is  still  too  young  to  have  been 
formulated,  and  followed  out  in  all  its 
applications.  Still,  much  has  been  al- 
ready accomplished  in  the  second  pro- 
cess. 

Eeal  knowledge  concerning  the  nature 
of  heat  may  be  said  to  have  originated 
in  1690,  when  Huyghens  published  his 
demonstrations  of  reflection  and  refrac- 
tion, regarded  as  phenomena  of  wave- 
propagation.  Young  and  Fresnel,  in 
spite  of  bitter  opposition  from  the  fol- 
lowers of  Newton,  added  greatly  to  the 
development  and  perfection  of  the  the- 
ory; but  not  until  the  year  1798,  when 
Count  Rumford  made  his  determination 
of  the  mechanical  equivalent  of  heat,  can 
the  theory  be  regarded  as  standing  upon 
a  sound  inductive  basis.  Since  that 
time,  as  is  well  known  to  our  readers, 
the  experimental  basis  of  the  theory  has 
been  confirmed  and  perfected  by  Davy, 
Seguin,  Mayer,  Colding,  Joule,  and  Hien. 
It  remains  only  to  notice  what  has  been 
done  towards  the  formulation  of  the 
science  of  thermo-dynamics  ;  that  is  to 
say,  towards  the  mathematical  applica- 


tion of  the  laws  of  energy  to  the  exact 
investigation  of  the  well-known  thermal 
phenomena.  In  1807,  Fourier  laid  the 
foundation  for  the  mathematical  theory 
of  heat.  A  few  years  later  came  the 
valuable  labors  of  Carnot,  and  more  re- 
cently the  admirable  investigations  of 
Sir  William  Thomson,  Rankine,  and 
Clausius,  have  greatly  advanced  the  the- 
ory as  a  branch  of  exact  science. 

Before  we  can  clearly  indicate  the 
position  occupied  by  Professor  McCul- 
loch's  work,  with  reference  to  the  science 
of  thermo-dynamics,  we  must  briefly 
notice  one  other  great  advance  that  has 
been  recently  made  in  the  science  of  me- 
chanics; a  step  that  peculiarly  demands 
attention,  because  it  has  not  yet  received 
its  proper  recognition.  More  than  twen- 
ty years  ago,  Professor  W.  H.  C.  Bart- 
lett,  of  West  Point,  published  in  the 
preface  to  the  first  edition  of  his  "Me- 
chanics "  the  following  paragraph  : 

"  All  physical  phenomena  are  but  the 
necessary  results  of  a  perpetual  conflict 
of  equal  and  opposing  forces,  and  the 
mathematical  formula  expressive  of  the 
laws  of  this  conflict  must  involve  the 
whole  doctrine  of  Mechanics.  The 
study  of  Mechanics  should,  therefore,  be 
made  to  consist  simply  in  the  discussion 
of  this  formula,  and  in  it  should  be 
sought  the  explanation  of  all  effects  that 
arise  from  the  action  of  forces." 

The  fundamental  formula  thus  re- 
ferred to,  from  which  the  whole  of  ana- 
lytical mechanics,  and  the  principles'  of 
undulatory  physics,  were  then  deduced, 
was  no  other  than  the  simple  analytical 
expression  of  the  law  of  the  conserva- 
tion of  energy. 

Historically,  it  'is  true,  the  step  from 
the  theorem  of  vis  viva  to  Bartlett's 
fundamental  equation  is  very  simple; 
but  it  must  be  regarded  as  a  most  im- 
portant generalization  and  completion, 
if,  as  we  believe,  the  principle  of  the 
conservation  of  energy  is  the  foundation- 
truth  of  the  science  of  mechanics.  In 
this  great,  though  simple,  improvement, 
Bartlett  has  not  only  completed  the 
work  of  Navier  and  Poncelet,  but  he  has 
united  in  one  equation  what  Lagrange 
scattered  in  several  formulas  throughout 
the  Mecanique  Analytique,  and  expressed 
in  the  most  general,  comprehensive,  and 
perfect  analytical  form,  the  great  law  of 
physical  forces  now  almost  universally 
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admitted  to  be  the  basis  of  all  physical 
science.  We  may  not  pause  here  to 
weigh  Professor  Bartlett's  claim  to  dis- 
tinction for  this  eminent  service  to  exact 
science,  but  we  believe  that  his  book 
was  not  only  the  first,  but  is  still  the 
only  treatise  on  analytical  mechanics  in 
which  all  the  phenomena  are  presented 
as  mere  consequences  of  that  single  law. 
Professor  McCulloch's  treatise  on  the 
Mechanical  Theory  of  Heat  may  be  re- 
garded as  a  sequel  to  Bartlett's  Mechan- 
ics. It  is  a  systematic  development  of 
the  science  of  thermo-dynamics  from  the 
fundamental  equation  of  energy.  The 
first  chapter  gives  a  brief  but  admirably 
clear  history  of  the  science.  The  next 
three  chapters  are  devoted  to  a  masterly 
resume  of  theoretical  dynamics,  which 
will  be  found  of  the  greatest  service, 
even  to  those  who  have  familiarized 
themselves  with  the  subject  in  more 
extended  works.  The  remaining  chap- 
ters of  the  First  Part  are  devoted 
to  General  Laws,  Airs  and  Vapors, 
Internal  Energy,  Air  Engines,  and  Ther- 
mal Laws.  Under  these  various  heads, 
the  principles  of  the  science  of  thermo- 
dynamics is  developed  in  the  most  thor- 
ough and  systematic  manner.  The  sec- 
ond part  of  the  work  is  a  discussion  of 
the  applications  of  thermal  laws.  The 
two  principle  chapters  treat  of  Steam  and 
Other  Vapors,  and  Steam  Engines,  their 
Defects  and  Improvements.  Our  space 
will  not  allow  us  to  enter  into  details; 


but  it  will  suffice  to  say  that  Professor 
McCulloch,  in  the  treatment  of  this  part 
of  his  subject,  displays  the  same  power 
of  analysis  as  in  the  purely  theoretical 
part.  For  ample  confirmation  of  this 
statement,  we  must  refer  our  readers  to 
the  book  itself. 

Such  a  book  as  this  is  rarely  issued 
from  the  American  Scientific  press.  Of 
course  it  is  to  be  regarded  not  as  a  com- 
plete treatise,  but  as  an  introduction  to 
the  subject.  Much  of  our  knowledge 
concerning  the  phenomena  and  laws  of 
heat  is  purposely  omitted  as  forming  no 
part  of  the  special  subject  of  the  vol- 
ume. Of  such  are  Fourier's  admirable 
investigations  and  their  sequel,  and  all 
that  relates  to  radiant  heat.  But  the 
student  of  science  will  find  in  this  book 
information  which  he  cannot  obtain  from 
any  other  treatise  in  the  English  lan- 
guage. The  whole  work  is  a  most  ad- 
mirable and  beautiful  example  of  the 
harmonious  union  of  the  inductive  and 
deductive  methods  in  the  investigation 
and  organization  of  scientific  truth,  and 
its  publication  ought  to  be  memorable 
as  that  of  the  first  work  in  which  the 
principles  of  a  special  science  have  been 
developed  directly  from  the  funda- 
mental law  of  energy.  To  every  en- 
gineer who  is  not  content  with  rule  of 
thumb  methods,  but  wishes  to  know  his 
profession  thoroughly,  in  theory  as  well 
as  practice,  we  heartily  commend  this 
book. 


THE  "THUNDERER"  BOILER  EXPLOSION. 


From  "  Nautical  Magazine." 


As  the  Thunderer  was  proceeding  to 
the  measured  mile  in  Stoke's  Bay,  for 
her  final  contractor's  trial,  one  of  her 
eight  large  boilers  exploded  with  terrific 
force.  Up  to  the  date  of  our  going  to 
press  there  are  forty  deaths,  and  forty 
more  seriously  injured,  the  result  of  the 
explosion.  By  the  time  this  reaches  our 
readers  perhaps  the  papers  will  have  an- 
nounced the  decision  to  which  the  coro- 
ner's jury  have  come  as  to  the  cause  and 
responsibility  of  the  disaster.  Of  course 
we  have  formed  our  own  conclusions, 
and  some  of  these,  we  believe,  we  may 


state  here  without  at  all  encroaching 
upon  the  forbidden  grounds  of  matters 
sub  judice. 

Between  the  engineering  of  the  Navy 
and  that  of  the  Mercantile  Marine  there 
are  in  many  respects  wide  differences. 
The  very  few  days  in  each  year  on  which 
the  Navy  steamers  are  at  sea  under  full 
steam  power,  the  greater  number  of  en- 
gine-room hands,  in  proportion  to  the  en- 
gine power  and  the  general  excellence 
of  workmanship  and  material  supplied 
to  the  Admiralty,  contribute  to  a  free- 
dom from  accidents  and  to  a  measure  of 
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success  which  is  not  always  due  to  the 
perfection  of  the  floating  machinery,  but 
often  is  in  spite  of  its  imperfections. 
What  has  done  well  hitherto  does  not 
demand  improvement.  Admiralty  prac- 
tice is  even  copied  by  some  owners  going 
into  the  steam  trade  for  the  first  time  as 
the  very  best  they  can  do.  It  seems  as 
if  the  Thunderer  explosion  has  been 
brought  about  through  the  safety-valves 
of  the  exploded  boiler  not  acting,  the 
stop-valve  of  that  boiler  having  by  neg- 
lect not  been  opened.  The  explosion 
may  possibly  be  yet  accounted  for  in 
some  other  way  ;  but  the  very  fact  of 
this  being  at  present  a  likely  cause,  our 
attention  is  directed  to  the  safety-valves 
of  the  Navy  and  their  efficiency  in  com- 
parison with  those  of  the  Mercantile  Ma- 
rine. 

It  has  been  often  explained  in  our 
pages  that  the  Act  of  Parliament  in  ref- 
erence to  safety-valves,  when  it  directs 
that  they  shall  be  so  constructed  as  to 
be  out  of  control  of  the  engineer  when 
steam  is  up,  means  only,  that  the  engi- 
neer shall  not  have  it  in  his  power  to 
control  the  self  action  of  the  valve.  It 
does  not  mean  that  the  valve  is  to  be 
once  put  in  order  and  then  sealed  up  out 
of  sight  and  placed  out  of  the  care  of 
the  engineer.  In  accordance  with  our 
interpretation,  almost  all  merchant 
steamers  have  their  safety  valves  so  ar- 
ranged that  they  can  all  be  eased  and 
turned  round  on  their  seats,  even  when 
steam  is  up,  but  they  cannot  be  in  any 
way  controlled  in  their  action.  In  the 
Navy  the  form  of  safety-valve  construc- 
tion adopted  is  one  valve  box  for  each 
boiler,  that  box  containing  two  valxes, 
of  which  only  one  can  be  lifted  when 
under  steam.  The  other  valve  is  entirely 
shut  up  from  the  engineer,  he  can  neither 
lift  it  nor  turn  it  on  its  seat,  and  he  can- 
not tell  whether  it  is  in  working  order  or 
not.  The  lifting  valve  is  not  much  bet- 
ter, he  can  only  say  that  he  can  lift  it  by 
turning  an  one  and  a-half  inch  screw,  but 
whether  he  is  lifting  a  properly  working 
valve  or  forcing  an  almost  set- fast  valve 
by  the  screw  power  provided  for  him,  he 
cannot  tell.  In  the  merchant  service, 
each  valve  spindle  has  a  sleeve  cross  han- 
dle, fitted  by  a  sliding  cotter  with  a  long 
cotter-hole  in  the  spindle.  The  cotter  is 
■fitted  in  the  sleeve,  and  is  just  clear  of  the 
top  of  the  spindle  cotter- hole  when   the 


valve  is  shut.  The  cotter-hole  extends 
one  inch  or  more  below  the  cotter,  and  the 
hollow  of  the  sleeve  extends  as  much 
above  the  point  of  the  spindle,  so  that  the 
valve  cannot  be  held  down  by  the  sleeve, 
although  it  can  either  be  lifted  or  turn- 
ed round  on  its  seat  by  the  sleeve  handle 
at  any  time.  The  merchant  service  re- 
quires these  facilities  of  arrangement, 
for,  hurrying  into  port  and  out  of  port, 
their  engineers  have  seldom  time  to  over- 
haul the  closed-up  parts  of  the  machin- 
ery, and  this  safety-valve  arrangement  is 
one  that  can  be  tested  in  a  few  seconds 
at  any  time,  either  at  sea  or  in  harbor. 

In  this  particular  the  Admiralty  ar- 
rangement, at  only  a  few  shilllings  less 
expense  on  each  valve,  is  equally  effi- 
cient when  in  good  order,  but  its  state 
cannot  be  ascertained  without  some 
trouble,  and  only  when  not  under  steam. 
That  no  accident  has  occurred  before 
this  explosion  of  the  Thunderer  is  an 
evidence  of  the  excellent  discipline  and 
great  care  bestowed  on  the  machinery  of 
Her  Majesty's  fleet,  and  now  that  atten- 
tion has  been  drawn  to  this  inferiority 
of  arrangement,  if  not  positive  defect, 
doubtless  it  will  be  rectified.  A  safety- 
valve  ought  to  be  an  absolutely  certain 
means  of  preventing  any  increase  of 
pressure  beyond  the  stipulated  amount. 
The  Thunderer  has  twin  screws,  with 
two  sets  of  engines  and  two  stokeholes. 
In  each  stokehole  there  are  four  boilers, 
each  with  four  furnaces  and  one  funnel 
for  the  four  boilers.  It  is  the  foremost 
boiler  on  the  starboard  side  of  the  aft 
stokehole  that  has  exploded.  The  pres- 
sure to  which  the  safety-valves  were 
loaded  is  said  to  have  been  thirty  pounds. 
The  top  front  plate  of  the  boiler  has 
been  blown  off,  and  the  part  of  the  in- 
side up-take  attached  to  these  plates 
has  been  forced  back  and  distorted.  A 
number  of  short  stays  from  the  up-take, 
with  double  nuts  on  the  boiler  front, 
have  drawn  the  outer  nuts  bodily 
through  the  ~h  inch  plate,  testifying  to 
the  enormous  pressure  that  must  have 
been  acting  to  produce  such  results. 

The  explosion  occurred  just  as  they 
were  getting  up  steam  for  the  runs  ; 
word  had  been  passed  down  that  they 
could  go  at  what  speed  they  liked,  when 
the  boiler  burst.  Captain  Wilson,  new- 
ly appointed  to  the  Thunderer,  was  in 
the  engine-room  at  the  time,  Mr.  Humph- 
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reys,  jun.,  one  of  the  firm  of  the  engin- 
eer contractors,  was  also  below  at  the 
back  of  the  port  engine.  Captain  Wil- 
son was  saved  by  Mr.  J.  S.  Weeks,  one 
of  the  engineers  ;  the  captain  had  lost 
his  way;  all  the  lights  had  been  extin- 
guished by  the  first  burst  of  the  steam  ; 
he  thought  to  lie  down,  thinking  that 
would  be  safer,  but  he  found  the  steam 
more  suffocating  as  he  stooped.  He 
then  stretched  himself  erect,  and  found 
a  cooler  stream  of  air  there  and  then. 
Mr.  Weeks  came  in  contact  with  him 
just  as  he  had  taken  the  wrong  turn, 
towards  the  stokehole  instead  of  towards 
the  ladder  to  the  deck.  Mr.  Weeks 
had  shut  off  the  steam,  but  the  main 
stop-valves  for  the  engines  were  till  then 
still  running,  and  he  then,  as  the  captain 
states  it,  dived  right  into  it,  down  to  the 
stokehole,  where  the  firemen  and  trim- 
mers were  being  steamed  to  death. 

When  the  report  of  the  explosion  was 
heard  in  Portsmouth,  it  was  at  first 
thought  the  magazine  had  exploded,  for 
the  report  was  like  that  of  a  large  gun. 
It  was,  however,  known  that  she  Tiad  no 
powder  on  board,  and  when  the  steam 
was  seen  in  great  clouds,  all  knew  that 
a  boiler  had  burst,  and  immediately 
every  necessary  assistance  was  despatch- 
ed, in  all  sorts  of  boats,  to  the  scene  of 
the  disaster.  The  country  are  treating 
the  victims  of  this  sad  explosion  as  they 
would  the  first  of  the  wounded  in  a  great 
war.  It  is  a  sad  defect,  but  if  every  de- 
fect uncovered  by  the  shock  of  this  ex- 
plosion be  rectified  throughout  the  whole 
of  our  Navy,  the  disaster  may  prove  a 
blessing  to  the  country. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

ASSOCIATION     OF     MUNICIPAL  AND    SANITARY  | 
Engineers  and  Surveyors. — The  third  j 
annual  general  meeting  of  the  members  of  this 
association  was  held  lately  at  the  Institute  of 
Civil  Engineers,  Westminster;  Mr.  James  Le- 
mon,   the    president    of    the    association,    in 
the  chair.     Forty-one  members  were  present, 
some     members     being     absent     on     account 
of    the    assizes.     The   places   represented    in- 
cluded     Warwick,      Coventry,     Manchester, 
Liverpool,  Sheffield,    Derby,  Oxford,   Shrews- 
bury,  Leamington,    Bristol,  Ipswich,    Hanley, 
and  other  important   communities.     The  pres- 
ident's   opening'  address    glanced  at    various 
sanitary  questions  which  had  engaged,  or  were 
engaging,  the   attention  of  Parliament.      The 
first    paper    on   the  agenda   was   on    "  Street  j 
Tramways "   read  by   Mr.   P.    B.    Coglan,    of  j 
Sheffield.     Mr.    Coglan  expressed  an  opinion  | 


that  steam-power  would  ultimately  supersede 
horse-power  on  tramways,  and  that  a  distance 
of  ten  miles  an  hour,  under  proper  safeguards, 
would  be  attained.  In  the  discussion  which 
followed,  Mr.  Angell  gave  it  as  his  opinion 
that  all  the  purposes  of  street  locomotion  might 
be  achieved  by  a  superior  class  of  omnibus. 
At  present  tramways,  while  they  were  slow, 
were  an  obstruction  to  traffic.  Another  mem- 
ber advocated  the  employment  of  tramways  in 
cross-roads,  at  the  same  time  deprecating  their 
multiplication  in  populous  cities.  Papers  on 
"  Street  Pavements  as  Adoptei  in  Manchester," 
by  Mr.  Royle,and  on  "Constant  Water  Supply," 
by  Mr.  Greatorex,  were  read;  and  a  discussion 
"  On  the  Construction  and  Maintenance  of 
Highways,"  a  paper  read  by  Mr.  E.  B.  Clarke, 
was  adjourned.  In  the  evening  the  members 
dined  at  the  Westminster  Palace  Hotel,  under 
the  presidency  of  Mr.  James  Lemon.  In  re- 
sponding to  the  toast  of  "The  Association  of 
Municipal  and  Sanitary  Engineers  and  Survey- 
ors," proposed  by  Mr.  Hemsley,  the  chairman 
dilated  on  the  utility  of  this  young  association, 
which,  although  it  numbered  only  180  mem- 
bers, would  he  hoped  soon  receive  a  large  ac- 
cession. He  advocated  the  association  as  a 
means  of  advancing  sanitary  science,  of  ren- 
dering mutual  assistance,  and  of  keeping  down 
expenditure.  At  the  adjourned  meeting  on 
Friday,  the  paper  by  Mr.  E.  B.  Clarke,  '-'  On 
the  Construction  and  Maintenance  of  High- 
ways," underwent  discussion.  A  leading  sug- 
gestion in  the  paper  was,  that  instead  of  hav- 
ing the  channels  at  the  side  of  the  roads,  it 
should  run  along  the  centre,  by  which  means 
the  present  accumulation  of  moisture  and  conse- 
sequent  wear  and  tear  would  be  avoided,  at  a 
saving,  moreover,  Mr.  Clarke  estimated,  of  60 
per  cent,  in  the  cost  of  construction  of  drains 
and  channels.  The  remaining  subjects  dis- 
cussed were— "  The  Duplicate  Mode  of  Town 
Drainage,"  by  Mr.  A.  Jacob  ;  "  The  Leeds  Sew- 
age Works,"  by  Mr.  A.  W.  Morant  ;  and  "  The 
Cost  and  Construction  of  Sewage  Tanks,"  by 
Mr.  T.  W.  Grindle. 

Institution  of  Civil  Engimeers.—  The 
council  of  the  Institution  of  Civil  Engineers 
invite  communications,  of  a  complete  and  com- 
prehensive character,  on  any  of  the  subjects 
included  in  the  following  list,  as  well  as  on 
other  analogous  questions.  For  approved 
original  communications  the  council  will  be 
prepared  to  award  premiums,  arising  out  of 
special  funds  bequeathed  for  that  purpose. 

1.  On  the  flow  of  fluids,  liquid  and  gaseous. 

2.  On  portable  apparatus  for  gauging  the 
materials,  and  for  the  expeditious  mixing  of 
large  quantities  of  Portland  cement  concrete. 

3  On  the  value  and  strength  of  the  different 
materials  used  for  making  concrete;  with  ex- 
periments on  the  proper  proportions  of  the  va- 
rious ingredients,  aud  of  the  water,  whether 
salt  or  fresh,  to  produce  the  strongest  mixture. 

4.  On  the  application  of  steam  machinery  for 
excavating,  and  the  cost  as  compared  with 
hand  labor. 

5.  On  stone-quarrying  and  stone-working 
machinery. 

6.  On  the  manufacture  of  cast  and  wrought 
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iron  and  of  steel  of  various  qualities  ;  on  the 
effect  of  the  admixture  of  foreign  substances; 
ana  on  the  experimental  tests  by  which  the 
quality  may  be  ascertained. 

7.  On  the  process  of  forging  by  steam  ham- 
mers and  other  percussive  machinery,  and  by 
the  hydraulic  press. 

8.  On  the  effects  of  pressure  on  cast  steel  in 
the  mould. 

9.  On  the  results  of  experience  in  the  recent 
extended  use  of  steel  in  mechanism  and  in 
works  of  construction. 

10.  On  the  alteration  in  the  condition  of 
metals  caused  by  use  or  wear. 

11.  On  the  best  mode  of  uniting  steel  and 
other  metals  employed  in  construction  and 
in  boiler  work,  and  on  the  effect  of  the  oj  er- 
ations  of  punching,  drilling,  and  riveting  on 
such  metals. 

12.  On  the  construction  of  warehouses  and 
other  builoings  for  storing  goods,  with  the 
special  view  of  resisting  fire,  and  on  the  rela- 
tive merits  of  brickwork,  iron,  and  timber  for 
that  object. 

13.  On  the  construction  of  street  tramways, 
the  best  means  of  adapting  them  for  the  con- 
veyance of  passengers  and  goods,  and  of  pre- 
venting injury  and  inconvenience  to  other  car- 
riages traveling  on  the  same  roads. 

14.  On  modern  methods  of  constructing  the 
foudations  of  bridges. 

15  On  the  design,  generally,  of  iron  bridges 
of  very  large  span,  for  railway  traffic. 

10.  On  the  comparative  merits^of  European 
and  American  wrought  iron  railway  bridges. 

17.  On  canal  locks,  inclined  planes,  and 
other  modes  of  overcoming  differences  of  level 
on  canals, 

18.  On  dock  gates  and  caissons,  including  a 
description  of  the  requisite  external  and  in- 
ternal arrangements,  with  recent  practical  ex- 
amples. 

19.  On  percussive  and  other  rock  drills. 

20.  On  the  appliances  and  methods  used  for 
tunnel-driving,  rock-boring  and  blasting,  in 
this  country  and  abroad,  with  details  of  the 
cost  and  of  the  results  attained. 

21.  On  railway  rolling  stock  capacity  in  re- 
lation to  the  dead  weight  of  the  vehicles. 

22.  On  the  best  mode  of  testing  iron  and 
steel  rails  for  railways. 

23.  On  the  water  supply  of  towns,  including 
a  description  of  the  sources  of  supply,  of  the 
different  modes  of  storing,  collecting,  and  fil- 
tering water,  of  the  various  incidental  works,  of 
the  distribution  to  the  consumers,  and  of  the 
general  practical  results. 

24.  On  the  constant  service  of  water  supply, 
with  special  reference  to  its  introduction  into 
the  metropolis,  in  substitution  for  the  intermit 
tent  system 

25.  On  the  various  modes  of  dealing  with 
sewage,  either  for  its  disposal  or  its  utilization. 

26.  A  history  of  any  fresh  water  channel, 
tidai  river,  or  estuary, — accompanied  by  plans 
and  longitudinal  and  cross  sections  of  the  same, 
at  various  periods,  showing  the  alteration  in  its 
condition, — including  notices  of  any  works 
that  may  have  been  executed  upon  it,  and  of 
the  effect  of  the  works. 

27.  On  the  relative  value  of  upland  and  of 


tidal  waters  in  maintaining  rivers,  estuaries  and 
harbors. 

28.  On  the  different  systems  of  river  and 
canal  towage. 

29.  On  improvements  in  the  construction  of 
furnaces  and  on  combustion. 

30.  On  the  construction  of  steam  boilers, 
adapted  for  very  high-pressures. 

31.  On  the  best  practical  use  of  steam  in 
steam  engines,  and  on  the  effects  of  the  various 
modes   of  producing  condensation. 

32.  On  the  results  of  experiments  in  steam 
jacketing. 

33.  On  the  modern  construction  of  marine  en- 
gines, having  reference  to  economy  of  the  work- 
ing expenses,  by  superheating,  surface  conden- 
sation, high  pressure,  great  expansion,  &c. 

34.  On  the  construction  of  portable  steam 
engines,  or  other  motors,  of  very  light  weight, 
suitable  for  light  boats,  aerial  machines,  &c. ; 
and  on  condensing  with  air. 

35  On  the  relative  cost  of  the  conveyance  of 
coal  bj'  rail  and  by  steamer,  and  on  the  best 
mode  of  loading  and  unloading  to  diminish 
breakage. 

3(3.  On  the  various  descriptions  of  pumps 
employed  for  raising  water  or  sewage,  and  their 
relative  efficiency. 

37.  On  the  employment  of  wind  or  water  as 
a  motive  power,  their  relative  advantages  and 
disadvantages  compared  with  steam  power,  and 
the  motors  most  suitable  for  utilizing  them  in 
the  best  manner. 

38.  On  the  use  of  gas  as  a  motor. 

39.  On  the  best  methods  of  removing  grain  in 
bulk  from  a  ship  to  a  warehouse,  for  distrib- 
uting in  the  warehouse,  and  on  the  various 
modes  in  which  grain  is  stored  in  bulk. 

40.  On  the  manufacture  of  mineral  oils,  and 
the  lamps  best  adapted  for  their  consumption  in 
dwellings  and  lighthouses. 

41.  On  the  "output"  of  coal  in  the  United 
Kingdom,  as  compared  with  that  of  other  coun- 
tries, iLustrated  by  statistical  tables,  plans,  and 
diagrams  showing  where  coal  is  produced,  and 
where  and  how  it  is  consumed. 

42.  On  the  sinking  of,  and  machinery  applied 
at,  deep  coal  mines  (in  Saxpny,  for  instance), 
with  a  notice  of  the  modifications  necessaiy  in 
future  coal  mining  operations  suggested  (or  in- 
dicated) by  the  working  of  deep  sinkings. 

43.  On  the  ventilation  and  working  of  rail- 
way tunnels  of  great  length. 

44.  On  compressed  air  as  a  motive  power, 
particularly  as  applied  to  machinery  in  mines 
and  to  locomotives  in  tunnels,  with  some  ac- 
count of  its  application  on  the  continent;  and 
generally  on  the  methods  of  transmitting  force 
to  distant  points  including  details  of  the  exist- 
ing systems  of  rope  trasmission. 

45.  On  the  dressing  of  the  ores  of  lead,  cop- 
per, zinc,  and  tin,  by  any  other  process  than 
that  of  water,  and  on  the  smelting  of  such  ores, 
with  details  of  the  results  and  cost  by  different 
methods. 

46.  On  the  washing  of  small  coal,  and  the 
manufacture  of  coke  and  of  artificial  fuel. 

47.  On  heavy  and  light  wood  working  ma- 
chinery . 

48.  On  pneumatic  telegraphs,  and  on  pneu- 
matic despatch  tubes,   designed  with  a  viewr  to 
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economical  working,  and  to  the  attainment  of 
high  speeds  in  long  lengths  of  pipe. 

49.  On  recent  progress  in  telegraphy,  includ- 
ing a  notice  of  the  theoreiical  and  practical 
data  on  which  that  progress  has  been  based; 
with  some  account  of  the  improvements  in  the 
construction  of  land  and  sea  lines  and  in  the 
working  instruments. 


IRON  AND  STEEL  NOTES. 

Uchatius  Steel. — The  Berg  unci  Huetten- 
momrdsche  Zeitung  for  October  8th,  1875, 
contains  a  description  of  the  manufacture  of 
this  description  of  steel  at  the  Wikmanshytte 
works  in  Sweden.  According  to  the  process 
of  Uchatius  the  steel  is  made  by  melting  in 
crucibles  a  mixture  of  cast  iron,  in  a  tolerably 
fine  state  of  division,  with  pulverized  calcined 
iron  ore  and  charcoal  powder.  The  cast  iron 
employed  at  Wikamshytte  is  of  a  mottled  qual- 
ity, and  is  granulated  by  being  allowed  to  flow 
on  to  a  wheel  which  travels  at  a  great  speed  in 
a  water  tank  ;  the  iron  ore  employed  is  the 
richest  from  the  well-known  Bispberg  mines, 
and  it  is  stamped  and  sieved  fine  before  being 
used  ;  it  is  of  great  importance  that  the  iron 
ore  and  charcoal  be  intimately  mixed  together. 
The  furnaces  employed  are  the  ordinary  Eng- 
lish crucible  furnaces  heated  with  coke,  and 
about  fifty  pounds  of  steel  is  obtained  from 
each  crucible,  which  lasts  usually  about  six 
heats,  although  much  longer  when  hard  than 
when  soft  steel  is  made  ;  the  furnaces  them- 
selves last  four  smelting  days  before  requir- 
ing repairs.  The  hardest  class  of  steel  made  is 
marked  02,  and  the  contents  of  carbon  in  the 
different  brands  are  as  follows  : 

3  contains  from  0.T0  to  0.85  per  centage  of  carbon. 

2  "  0.85  "  0.95  "  " 

1  "  0.95  "  1.10  "  " 

03  '•  1.10  "  1.20  "  " 

02  "  1.20  "  1.30  "  " 

Steel  softer  than  No.  3  is  seldom  manufactured. 
The  special  uses  to  which  the  Wikmanshytte 
Uchatius  steels  are  employed  are  as  follov  s  : — 
No.  02  is  used  almost  alone  for  millstone  picks 
and  for  razors  ;  No.  03  and  1  for  cutting  tools  ; 
No.  1  is  considered  excellent  for  stamping  dies, 
and  No.  2  is  used  for  tools  used  in  stone  work. 

American  Iron  Exports. — In  an  article  on 
the  exports  of  the  United  States  the  Iron 
Age  has  the  following  :— In  1838  the  Baldwin 
Locomotive  works,  of  Philadelphia,  exported 
three  engines,  their  first  shipment  to  a  foreign 
country,  and  up  to  February  1st,  1876,  they  had 
exported  in  all  389  engines,  valued  at  5.005,964, 
dols.  The  increase  in  the  number  of  engines 
annually  sent  abroad  by  this  celebrated  manu- 
factory has  been  quite  marked  since  1869,  when 
twelve  foreign  engines  were  bui!t,  followed  in 
1870  by  fifteen;  nTl871,  by  nineteen;  in  1872,  by 
forty-five  ;  and  in  1873  by  ninety  six.  The  reac- 
tion in  the  construction  of  railroads  in  all  coun- 
tries commenced  in  the  year  last  named,  and  in 
1874  the  number  of  engines  built  upon  foreign 
orders  fell  to  fifty-eight,  and  in  1875  to  eighteen. 
An  increase  in  foreign  orders  for  delivery  in 
1876  has,  however,  occurred,  amounting  up  to 
May  1st  to  forty  engines.  Of  these  fifteen 
were  shipped  in  January  last.     Of  the  twenty- 


five  yet  to  be  shipped,  one  very  fine  first-class 
freight  engine,  named  after  the  oldest  sorrof  the 
Emperor  of  Brazil,  is  on  exhibition  at  Machine- 
ry Hall,  in  the  International  Exhibition.  This 
is  the  export  record  of  one  manufactory  of 
American  locomotives  ;  other  establishments 
have  also  in  later  years  shipped  railway  engines 
to  foreign  countries.  The  value  of  the  total 
exports  of  locomotives  in  the  last  five  years  was 
as  follows  :— 1871,  820,943  dols.;  1872,  774,296 
dols. ;  1873,  1,109  482  dols. ;  1874, 1,145,669  dols. ; 
1875,  761,718  dols. 

A  majority  of  the  locomotives  in-use  on  Cana- 
dian railways  were  made  in  America.     Ameri- 
can locomotives   are  in  general   use  on    most 
I  South- American  railways,   and  on  the    Conti- 
j  nent  of  Europe,  especially  in  Russia,  they  are 
J  in  high   favor.     The  secret  of  the  popularity 
I  abroad  of  these  locomotives  consists  in  the  su- 
i  perior  style    of    their    construction,    and    the 
|  effect  of  this  superiority  is  seen  in  their  ability 
i  to  do  a  greater  amount  of  work  than  foreign 
;  locomotives.     Mr.  Fairlie,  an  eminent  English 
engineer,  recently  remarked  : — "You  may  take 
I  your  best  English  locomotive  with  its   maxi- 
mum train,  and  the  American  will  go  before 
;it;  drawing  it  and  its  train  and  one-half  more 
;  beside.  " 

It  is  a  well-known  fact  that  European  rail- 
|  way  cars  do  not  compare  favorably  with  those 
of  American  manufacture  in  elegance,  light- 
ness, or  durability.  It  is,  therefore,  not  sur- 
prising that  the  exportation  of  passenger  and 
freight  cars  should  have  become  a  prominent 
I  feature  of  American  export  trade.  In  the  fiscal 
year  1874  we  shipped  to  foreign  countries  1083 
cars,  valued  at  1,151,898  dols.  In  the  fiscal 
year  1875  we  shipped  394  cars,  valued  at  510, 
861  dols.,  and  in  the  succeeding  six  months, 
which  ended  with  December  31st,  1875,  we  ship- 
ped 283  cars,  valued  at  323,220  dols.  These 
cars  were  sent  to  Mexico,  South  America, 
England,  Germany,  Canada,  Australia,  the 
West  Indies,  Turkey  and  other  countries. 
The  Pullman  palace  car  amazes  Europeans  by 
its  completeness  and  elegance.  Our  street 
passenger  cars  are  largely  exported,  and  fur- 
nish the  model  for  many  of  the  street  cars  con- 
structed in  Europe.  Street  railways  are  them- 
selves an  American  invention. 

Our  agricultural  implements  have  long  dis- 
tanced all  competition  in  foreign  markets,  and 
our  exports  thereof  are  steadily  on  the  increase. 
In  1871  they  amounted  to  1,020,820  dols .,  in  1872 
I  to  1,765,078  dols.;  in  1873  to  2,513,982  dols. ; 
in  1874  to  3,146,493  dols. ;  and  in  1875  to  2,440, 
802  dols.  We  send  them  to  all  countries,  but 
most  largely  to  Germany  and  to  England. 

American  platform  and  other  sca'es.  are  ex- 
ported in  large  quantities  to  foreign  countries  ; 
|  so  are  American  fire  engines,  stationary  en- 
gines and  stoves.  American  sewing  machines 
are  known  and  used  in  every  civilized  country. 
During  the  past  five  years  the  annual  value  of 
our  exports  of  sewing  machines  has  averaged 
2,000,000  dols.  American  firearms  are  so  su- 
perior in  style  and  general  excellence  that  they 
find  a  market  in  every  country.  All  of  the 
leading  European  countries  are  large  purchas- 
ers of  them.  During  the  fiscal  year  1$75  Eng- 
land   purchased  American    muskets,   pistols, 
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rifles  and  sporting  guns  amounting  in  value  to 
2,419,513  dols.  Our  total  exports  of  these  ar- 
ticles in  the  last  four  c  tlendar  years  (since  the 
close  of  the  Franco-Prussian  war,  during  which 
the  demand  was  extraordinary)  has  been  as  fol- 
lows :  1872,  1,165,424  dols  ;  1873,  1,548,227 
dols. ;  1874,  3,613,430  dols. ;  1875,  5,184,576  dols. 
American  hardware  and  cutlery  have  been 
introduced  into  all  markets,  and  with  remark- 
able success.  Even  England,  our  principal 
competitor  in  the  manufacture  of  these  pro- 
ducts, has  been  forced  to  acknowledge  the 
superior  excellence  of  many  of  our  tools  and 
"Yankee  notions." 


RAILWAY  NOTES. 

Railway  Features  of  the  Centennial 
Exposition.— Manufacture  of  Steeled 
Wheels. — Exhibit  of  metal  and  car  wheels 
made  under  process  of  the  Hamilton  Steeled 
Wheel  Company,  under  patents  of  W.  G. 
Hamilton  and  George  Whitney. — The  attention 
of  the  Centennial  visitor,  if  interested  in  im- 
provements in  metals,  and  especially  when 
connected  with  railway  matters,  will  not  fail 
to  be  struck  with  this  display.  It  will  be  found 
in  the  railway  department  of  Machinery  Hall. 

It  is  made  up  of'  wheels  which  were  made  at 
the  Altoona  foundry  by  the  Pennsylvania 
Railroad  Company,  of  wheels  which  have  seen 
service,  new  wheels,  also  wheels  from  Messrs. 
A.  Whitney  &  Sons,  of  Philadelphia;  wheels 
from  the  Jackson  &  Woodin  Manufacturing 
Company,  of  Berwick,  Pennsylvania;  and 
Sunbury  Car  Wheel  Company,  of  Sunbury, 
Pennsylvania;  also  cases  of  specimens  of  chills 
and  portions  of  wheels  and  tests  of  the  mixtures. 

The  improvement  consists  in  the  addition  of 
steel  and  wrought  iron  to  pig  irons,  in  the 
manufacture  of  car  wheels  ;  the  strength  of  the 
metal  is  increased  fully  one-quarter,  and  the 
anthracite  and  coke  irons,  and  many  grades  of 
charcoal  irons,  are  made  available  for  car 
wheel  purposes.  The  steel,  besides  increasing 
the  strength  of  the  metal,  also  giving  chilling 
properties. 

In  1872  the  attention  of  the  railway  world 
was  called  to  this  improvement  by  the  late  J. 
Edgar  Thomson,  who,  by  the  result  of  trials, 
made  by  the -Pennsylvania  Railroad,  was  con- 
vinced that  a  great  economy  would  result  by 
its  development  and  adoption.  The  process 
has  worked  its  way  to  this  time,  when,  not- 
withstanding the  very  great  depression  in 
wheel-making  business,  some  four  hundred 
and  thirty  wheels  are  daily  made  under  this 
process,  and  over  four  hundred  thousand  are 
in  use — the  Pennsylvania  Railroad  adopting  it 
for  its  entire  passenger  and  freight  equipment, 
and  making,  at  their  wheel  works  at  xUtoona, 
one  hundred  and  ninety  weeels  per  day. 

Every  invention  or  improved  process  in- 
volves m  its  adoption  a  blow  at  some  existing 
process  of  manufacture,  and  is  sure  to  arouse 
the  hostility  of  [  arties  interested  in  the  exist- 
ing processes.  This  fact  has  been  exemplified 
in  the  history  of  almost  every  important  in- 
vention, and  the  process,  controlled  by  the 
Hamilton  Steeled  Wheel  Company,  is  no  ex- 
ception to  the  general  rule.      In  fact,  the  in- 


j  troduction  of  such  a  process  is  ..attended  with 
especial  difficulties,  when  it  is  remembered 
that  the  manufacturers  of  the  pig  irons  used 
in  car  wheels,  as  a  rule,  control  the  wheel 
works,  as  the  consumers  of  their  products. 

In  the  exhibition  of  wheels  we  notice  par- 
|  ticularly  two  wheels,  marked,  made  of  coke 
'  and  anthracite  iron  and  steel,  taken  from  under 
i  Pullman  cars  after  making  156,800  miles  ;  one 
;  broken  to  show  the  chill,  the  other  still  fit  for 
service  ;  also,  other  wheels  from  the  Pennsyl- 
vania Railroad  foundry,    at  Altoona,  having 
made  from  120,0t>0  to  140,000  miles.     A  wheel 
made  of  anthracite  iron  and  steel,  broken  to 
|  show  its  chill,  and  by  the  form  of  its  fracture 
;  denoting  great  strength  and  fine  chill.     Also, 
j  one    wheel,    the    ordinary  steeled    passenger 
!  wheel  of  the  Pennsylvania  Railroad,  from  Al- 
;  toona,  which  has  been  subjected  to  over  450 
1  blows  of  a  very  heavy  sledge,    and  has    eight 
holes  knocked  through  the  plate,  the  wheel, 
i  with  the  exception  of  these  holes,  being  per- 
;  feet,  not  cracked,  or  a  bracket  broken. 

A  sample  of  Scotch  iron  alone  having  a  ten- 
I  sile  strength  of  18,786  lbs.,  which,  by  the  addi- 
tion of  steel,  has  been  increased  to  22,327  lbs. 
Charcoal  irons  testing  alone  20,008  lbs.,  by  the 
|  addition  of  steel  raised  to  26,614  lbs.     Rich- 
j  mond  car- wheel    iron  testing  to   22,327  lbs., 
,  raised  with  varying  quantities  of  steel  to  25,- 
143  lbs.,  27,640  lbs.,  and  29,064  lbs.,  the  high- 
est being  39,694  lbs. 

Samples  of  portions  of  plates  of  wheels  from 
Messrs.  A.  Whitney  &  Sons  look  more  like 
pieces  of  ruptured  wrought-iron  plates  than 
j  cast  iron.  A  single  plate  wheel  sixty  inches  in 
1  diameter,  is  a  fine  casting  ;  and  the  largest 
|  wheel  shown  in  the  exhibition  in  the  case  be- 
j  low  is  a  sample  chill  test  of  this  wheel,  show- 
i  ing  a  fine  chill. 

j  To  show  the  wearing  qualities  of  these  wheels, 
the  exhibitors  furnish  the  mileage  of  114  car 
;  wheels  made  at  the  Altoona  foundry  by  the 
Pennsylvania  Railroad  Company,  beiDg  all  the 
wheels  taken  from  under  Pullman  cars  on  that 
road  during  February  last,  which  shows  that 
the  wheels  made  a  total  mileage  of  5,973,200 
miles  ;  average,  52,336^,-.  Of  these,  thirty- 
one  wheels  are  still  good  for  service  after  mak- 
ing an  average  mileage  of  45,579  miles  ;  the 
wheels  flat  from  sliding,  an  average  mileage  of 
27,146-^;  and  the  sixty  wheels  worn  out  by  ser- 
vice, an  average  mileage  of  65,564$$,  miles. 

This  mileage  is  equal  to  that  of  any  cast-iron 

;  wheel  made,  and  most  extraordinary  when  it 

;  is  kEown  that  the  cost  of  these  wheels  hardly 

exceeded  ten  dollars  each  for  awheel  weighing 

I  545  lbs.    To  show  that  the  wearing  qualities 

must   be  good,  we  give  the  mileage  of  each 

wheel  worn  out,  from  table  of  exhibitors,  not 

having  space  to  give  the  entire  table  in  full  : 


MILEAGE   OF 

WHEELS 

WORN   OUT. 

61,999 

21,010 

62,213 

54,240 

51,731 

71,742 

73,219 

62,123 

54.240 

53,199 

71,742 

78.982 

61,165 

82  234 

53,199 

55,092 

60,324 

61,165 

159,312 

84,541 

89,673 

60,324 

61,105 

159,312 

54,103 

41,629 

49,982 

76,254 

94,368 

54,103 

41,629 

84,303 

76,254 

75,845 

61,313 

69,034 

79,194 

30,507 

75,S45 

61,3ia 
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69,034  50,328  41,252  56,377  41,252 

56,148  36,401  41,252  44,548  73,582 

54,240  34,546  73,582  110,008  69,838 

78,878  82,234  34,182  78,878  ' 

or  an   average  of  65,590f05o    miles. — Railway 
World. 

THE  KAILEOADS  OF  THE  WORLD. — Dl\  G. 
Stuermer,  of  Bromberg,  Prussia,  has  for 
some  years  collected  statistics  of  the  length  of 
railroads  throughout  the  world.  We  summa- 
rize below  his  conclusions  for  the  year  1875,  in 
which  we  have  made  corrections  for  the  United 
States  and  Canada  : 

EUROPE. 

Opened  Total  at  close 
Country.  in  1875.     of  1875. 

Germany 1,493  17,372 

Austria 467  10,792 

Great  Britain 250  l'\699 

France 573  13,414 

Belgium 62  2,167 

Holland 1,011 

Luxemburg 166 

Switzerland 283  1,293 

Italy 196  4,777 

Spain 169  3,602 

Portugal 69  641 

Denmark 130  783 

Sweden 406  2,465 

Norway. 310 

Russia  in  Europe 81  11,525 

Turkey  in  Europe 955 

Roumania 168  766 

-Greece 0  7 

Total  in  Europe. . .  4,347        88,745 

ASIA. 

Russia  in  Asia 304  623 

Asia  Minor 47  249 

Hindostan 216  6,489 

Ceylon 82 

Java 162 

Japan 38 

Total  in  Asia 567  7,643 

NORTH  AMERICA. 

Canada ■ *.  4,830 

United  States 1,545        74,183 

Mexico 50  377 

Total 1595        79,397 

Dr.  Steurmer  notes  no  additions  to  the  mile- 
age of  any  country  in  Central  or  South  America, 
Australasia  or  Africa,  in  1875  ;  but  there  prob- 
ably were  some  railroads  constructed  in  South 
America  during  that  j'ear.  The  total  mileage 
of  each  of  these  countries  is  given  below  : 

AFRICA; 

Egypt.. 950 

Algiers. 333 

Tunis...  f 37 

Cape  Colony 65 

Mauritius 66 

Total  in  Africa 1,451 

*  A  large  amount  was  constructed  in  1875,  but  we  are 
not  able  to  say  how  much. 


CENTRAL  AMERICA  AND  WEST  INDIES. 

Honduras ....   56 

Costa  Rica 29 

Cuba 400 

Jamaica 27 

Colombia  (Panama  Railroad) ...  47 


—Railroad  Gazette. 


ENGINEERING  STRUCTURES. 

Monolithic  Aqueduct.  —  The  aqueduct 
from  La  Yanne  to  Paris,  135  miles  long, 
is  nearly  entirely  of  beton  (Joignei.  The  Fon- 
tainebleau  section  of  thirty-seven  miles,  over 
dry  quicksand,  is  composed  of  a  series  of  arch- 
es, some  of  them  fifty  feet  high.  Eight  or  ten 
bridges,  of  span  from  seventy-five  to  ninety 
feet,  are  also  of  beton.  For  foundation  and 
gravel  walls,  the  composition  is,  sand  2^-,  gravel 
2h,  hydraulic  lime  1,  Portland  cement  \.  For 
pillars,  abutments,  &c. ,  sand  4.  hydraulic  lime  1. 
Tbe  other  portions,  sand  4,  hydraulic  lime  1, 
Portland  cement  £  to  ^. 

(Tnderground  Pumping  Engines.— At  the 
J  Society  of  Engineers'  meeting,  in  the  Socie- 
ty's Hall,  Westminster  Chambers  (Mr.  V.  Pen- 
dred,  president,  in  the  chair),  a  paper  by  Mr. 
Henry  Davey,  "On  the  Underground  Pumping 
Machinery  at  the  Erin  Colliery,  Westphalia," 
was  read.  The  paper  described  what  is  proba- 
bly the  largest  example  of  underground  pump- 
ing-engines  extant.  The  system,  which  was 
originated  by  the  author,  may  be  thus  briefly 
described.  In  the  mine  (which  is  1200  ft.  deep) 
920  ft.  from  the  surface  is  placed  a  pair  of 
compound  differential  pumping-engines,  capa- 
ble of  raising  1400  gallons  per  minute  to  the 
surface,  at  the  same  time  supplying  power 
through  the  medium  of  the  rising  column  to 
two  differential  hydraulic  pumping-engines 
placed  at  bottom  of  the  mine,  and  employed  in 
lifting  K  00  gallons  per  minute  to  the  main  en- 
gines. Steam  is  carried  down  to  the  main 
engines  f torn  the  surface  at  a  pressure  of  70  lbs. 
per  square  inch.  After  passing  through  the 
engines  it  is  condensed,  and  a  vacuum  of  from 
24" to  26  inches  of  mercury  is  obtained  by 
means  of  a  separate  condenser,  which  produces 
at  once  a  vacuum  on  the  engine,  and  enables  it 
to  start  to  work  against  the  full  column.  The 
methods  employed  for  actuating  the  valves  in 
the  steam  and  hydraulic  engines  were  also  fully 
shown.  In  the  latter  case  the  valves  are  work- 
ed without  any  metallic  connections  by  means 
of  a  modification  of  the  differential  gear. 

The  Mississippi  Jetties. — The  Results  Ac- 
complished.— General  Comstock,  of  the 
United  States  Engineers,  who,  under  the  direc- 
tion of  the  Secretary  of  War,  has  charge  of 
the  required  examinations,  has  made  several 
detailed  reports  relating  to  the  progress  of  the 
works  and  the  condition  of  the  partly-made 
channel  through  the  bar.  His  latest  published 
report  is  dated  June  19,  1876,  made  to  General 
A.  A  Humphrey,  U.  S.  A.,  Chief  of  Engineers, 
in  special  response  to  special  requirements, 
dated  April  25,  1876. 
No  one  questions  either  the  ability  or  the  in- 
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tegrity  of  General  Comstock  in  the  fulfilment 
of  this  important  duty.  As  his  report  shows 
very  clearly,  the  works  are  not  yet  complete 
on  any  part  of  the  length  of  the  jetty  channel, 
a  length  of  nearly  two  and  a  half  miles  ;  yet 
their  effect  has  been  very  great,  and  they  are 
already  useful  in  having  opened  another  ship 
outlet,  which  did  not  before  exist,  and  which 
in  very  little  more  than  a  year  from  the  begin- 
ning offers  as  good  a  passage  as  can,  during 
much  of  the  time,  be  found  at  either  of  the 
larger  passes,  upon  which  the  government  is  j 
still  at  work  stirring  and  scraping  the  bar  de- 
posit. The  report  is  accompanied  by  two  large 
sheets  showing  the  latest  soundings  taken  by 
his  assistants,  namely,  from  April  27  to  May  12  ; 
all  soundings  being  reduced,  as  stated,  to  the 
plane  of  average  flood  tide.  (The  usual  rise 
of  tide  at  the  mouth  is  called  about  fourteen 
inches,  and  it  occurs  but  once  a  day.) 

General  Comstock  says  on  page  5  of  the  re- 
port :  ' '  Perhaps  a  clearer  statement  would  be 
the  following  table,  showing  the  draught  of 
water  that  could  be  taken  through  each  two 
thousand  feet  of  the  channel  below  East  Point 
Station  in  June,  1875,  and  in  May,  1876  : 

0  to  2,000  2,000  to  4,000  to 

feet.  4,000  ft.  6,000  ft. 
Draught,  1875.   .  22.5             18.7  16.7 

Draught,  1876...  23.3  20.3  22.0 

6,000  to      8,000  to  10,000  to 

8,000  ft.  10,000  ft.  12,100  ft. 
Draught,  1875...  10.2               9.7  9.2 

Draught,  1876...  21.0  17.1  15.7 

This  presentation  of  the  effect  of  the  jetties, 
even  in  their  incomplete  condition,  referring  as 
it  does  only  to  the  12th  of  May,  shows  the 
powerful  washing-out  which  must  have  taken 
place  thus  to  form  a  navigable  ship  channel 
within  a  few  months  from  the  time  that  the 
jetties  were  advanced  far  enough  to  actually 
confine  the  water.  This  scouring  has  not 
ceased,  and,  as  already  mentioned,  at  the  last 
date  the  depth  was  not  less  than  nineteen  feet 
all  the  way,  and,  with  the  exception  of  seventy- 
five  feet  in  length,  it  was  twenty  five  feet  deep 
entirely  through  a  bar  where  a  little  more  than 
a  year  ago  there  was  less  than  eight  feet  at  low 
tide,  and  only  about  nine  feet  at  flood  tide. 

The  charts  accompanying  this  progress-re- 
port of  General  Comstock  are  very  elaborate 
and  minute.  They  show  that  an  immense  mass 
of  bar  material  has  been  picked  up  by  the  con- 
centrated current  induced  by  the  confinement 
of  the  flow  between  th'e  jetties  and  carried  gulf- 
ward.  Its  distribution,  to  a  large  extent,  may 
also  be  traced  by  means  of  the  same  chart,  and 
it  shows  that  a  large  part  of  the  sand  and  mud 
has  been  carried  far  forward,  since  little  if  any 
filling  has  occurred  a  short  distance  beyond  a 
few  hundred  feet  out  in  front,  while  it  has 
shoaled  decidedly  on  the  outer  sides  of  both 
jetties,  thus  greatly  strengthening  and  protect- 
ing them  from  lateral  wave-aotion  and  obvi- 
ously rendering  them  much  more  secure.  In 
regard  to  the  effect  in  front,  referring  to  the 
three  lines  of  sections  taken  by  his  assistant 
Captain  Brown,  General  Comstock  says  that 
"  all  these    sections  indicate    a    considerable 


deepening  at  distances  in  front  of  the  jetties 
between  2,400  and  4,000  feet." 

This  deepening  to  the  extent  shown  was 
scarcely  anticipated  by  the  commission  who 
reccommended  the  adoption  of  the  jetty  sys- 
tem at  the  South  Pass,  or  by  the  later  advisory 
commission  of  military  and  civil  engineers  who 
examined  and  made  report  upon  the  works  in 
December  last. 

In  regard  to  this  General  Comstock  adds 
(page  6)  :  "In  a  material  so  soft  as  the  mud 
deposited  in  deep  water  it  is  difficult  to  say 
what  irregular  changes  may  arise,  either  from 
its  settling  or  from  wave-action  on  it  in  storms. 
But  a  deepening  here  of  eight  or  ten  feet  does 
not  in  advance  seem  probable,  and  the  work 
(sounding)  will  at  once  be  repeated  to  detect 
the  error  or  verify  the  results  of  the  recent 
survey  of  this  area. "  The  outer  crest  of  the 
main  bar  (as  it  was  anticipated  that  it  would 
during  the  scouring  out  of  between  two  and 
three  millions  of  cubic  yards  of  material  from 
the  surface  of  the  bar)  has  been  filled  or  ex- 
tended out,  according  to  the  report,  about  three 
hnndred  and  fifty  feet.  General  Comstock 
says  (page  8) :  "The  present  rate  of  advance, 
arising  in  part  at  least  from  scour,  gives,  in  my 
judgment,  no  definite  information  as  to  what 
the  ultimate  rate  will  be,  and  hence  does  not 
give  sufficient  data  to  modify  the  opinion  ex- 
pressed by  the  board  of  engineers,  already  re- 
ferred to,  as  to  the  permanence  of  the  channel 
when  properly  jettied,  and  with  moderate  ex- 
tensions of  the  jetties  from  time  to  time." 

On  page  9  the  report  reads  as  follows : 
"Shoals  previously  existing  or  newly  formed, 
so  protect  the  outside  of  both  jetties  that  thejr 
are  not  now  exposed  to  violent  wave  action, 
except  toward  their  sea  ends.  For  the  protect- 
ed portions  the  mattresses  used  may  very  proba- 
bly prove  to  have  sufficient  strength  when  cov- 
ered by  stone." 

»«»« 
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Great  Guns. — One  round  with  the  eighty-one 
ton  gun  was  fired  lately,  at  the  butts  in 
Plumstead  Marshes.  The  charge  consisted  of 
260  lbs.  of  powder,  and  the  result  showed  an 
increase  of  velocity  in  the  projectile,  with  a 
diminution  of  pressure  in  the  gun  as  compar- 
ed with  previous  trials.  This  is  the  first  time 
the  gun  has  been  fired  with  the  enlarged  pow- 
der-chamber, and,  so  far  as  can  be  judged  at 
present,  it  would  appear  that  the  alteration 
which  has  been  made  is  conducive  to  the  power 
of  the  gun.  Sir  Joseph  Whitworth's  new  steel 
gun,  with  hexagonal  bore,  is  come  to  grief. 
The  experiments  were  made  at  the  French  Gov- 
ernment butts  at  Gavre,  and  their  main  ob- 
ject was  to  show  that,  with  a  heavier  projectile 
than  that  used  with  the  Woolwich  thirty-five 
ton  wrought-iron  gun  a  higher  velocity,  and  as 
a  consequence  a  greater  penetrative  power, 
could  be  obtained  by  the  new  weapon.  The 
projectile  used  on  the  occasion  was  about 
four  times  the  length  of  its  diameter,  which, 
as  the  bore  of  the  gun  in  its  maximum  calibre 
is  twelve  inches,  would  give  it  a  measurement 
of  about  four  feet.  It  was  a  shell,  unfilled, 
and  weighed  no  less  than  1,250  lbs.,  or  fifty  lbs.. 
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more  than  the  bolt  fired  by  the  Woolwich  In- 
fant, a  gun  of  the  same  weight.  The  mild 
powders  which  are  found  to  produce  such 
satisfactory  results  with  the  wrought-iron  guns, 
were  first  tried,  but  the  velocities  attained  were 
disappointing,  and  the  old  description  of  pow- 
ders, which  are  more  violent  in  their  action, 
were  then  resorted  to.  The  velocity,  however, 
was  registered  as  329  meters  only,  or  about 
1,080  feet,  per  second,  and  ultimately  the  gun 
broke  down  under  the  enormous  strain.  The 
inner  steel  tube  cracked  for  about  three  feet 
near  the  muzzle,  and  the  metal  of  the  powder- 
chamber  was  found  to  have  expanded  to  the 
extent  of  one-twelfth  of  an  inch.  One  or 
more  of  the  shells  broke  up  in  the  gun. 

BOOK  NOTICES. 

Reports  of  United  States  Commissioners 
to  the  Vienna  Exhibition.  Edited  by 
R.  H.  Thurston,  A.M.,  C.E.  Washington: 
Government  Printing  Office.  For  sale  by  D . 
Van  Nostrand.     Price  $12.00. 

These  reports  are  contained  in  four  large 
volumes,  and  are  distributed  as  follows: 

Vol  I  contains  the  Editor's  Introduction, 
Foreign  reports  on  various  subjects,  and  the 
official  reports  on  Agriculture. 

Vol.  II  contains  Science,  Scientific  Pro- 
cesses and  Education. 

Vol.  Ill  is  devoted  to  Engineering. 

Vol.  IV  contains  reports  on  Architecture, 
Metallurgy  and  the  General  Index. 

The  editing  was  in  able  hands,  and  the  Re- 
ports will  prove  valuable  as  reference  books 
for  libraries.  In  point  of  execution  they  are 
neither  better  nor  worse  than  the  average  Gov- 
ernment Reports. 

Traite  D'Electricite  Statique.  Par  M. 
E.  Moscart.  Paris:  G.  Masson.  For 
sale  by  D.  Van  Nostrand.'    Price  $12.00. 

Two  royal  octavo  volumes,  numbering  to- 
gether about  eleven  hundred  pages,  present  an 
appearance  at  least  of  completeness  of  treat- 
ment of  such  a  subject  as  Static  Electricity. 

Aside  from  the  historical  portion,  which 
singularly  enough  is  quite  brief,  the  leading 
topics  are  Distribution  of  Electricity;  Theory 
of  Electric  Phenomena;  Electrical  Instru- 
ments for  Observation  and  Measurement;  Con- 
ductive and  Disruptive  Discharges;  Electri- 
cal Experiments;  Electrical  Machines;  The 
Sources  of  Electricity.  This  last  subject 
occupies  two  hundred  and  fifty  pages. 

Three  hundred  wood  cuts  illustrate  the  text. 

QUALITATIVE  CHEMICAL  ANALYSIS.  By 
Silas  H.  Douglas  and  Albert  B.  Pres- 
cott.     New  York  :  D.  Van  Nostrand. 

A  new  edition  of  this  excellent  work  is  de- 
manded, and  will  shortly  be  forthcoming. 
Many  additions  and  improvements  are  con- 
templated. 

The  authors  are  well  known  for  their  suc- 
cess both  as  instructors  and  as  writers,  and  in 
the  three  years  that  have  elapsed  since  the  last 
edition  of  their  book  was  published,  many 
important  methods  have  been  devised,  and 
many  compounds  have  assumed  a  new  practical 
importance.     Of  such  changes  these  talented  | 


chemists  are  fully  apprised,  and  their  new 
work  will  bear  fruit  of  such  knowledge. 

i?xperiments  on  the  strength  of  cement, 
vj  chiefly  in  reference  to  the  portland 
Cement  used  in  the  Southern  Main  Drain- 
age Works.  By  John  Grant,  M.  Inst.  C.E. 
London:  E.  &  F.  N.  Spon.  For  sale  by  D. 
Van  Nostrand.     Price  $4.25. 

In  reply  to  some  inquiries  for  information 
as  to  Portland  cement,  we  cannot  do  better 
than  mention  that  a  new  edition  of  Mr.  Grant's 
book  was  published  at  the  end  of  last  year. 
Mr.  Grant  had  excellent  opportunities  for  in- 
vestigation in  connection  with  the  main  drain- 
age works,  and  made  that  good  use  of  them 
which  might  have  been  expected  from  his 
known  intelligence  and  skill.  The  bulk  of 
the  book  was  originally  read  at  meetings  of 
the  Institution  of  Civil  Engineers,  and  reports 
are  given  of  the  discussions  which  followed. 

Sanitary  Work  in  the  Smaller  Towns 
and  in  Villages.  By  Charles  Slagg. 
London  :  Lockwood  &  Co.,  1876.  For  sale  by 
D.  Van  Nostrand.     Price  $2.50. 

To  those  interested  in  sanitation  this  little 
work  will  be  welcome.  The  larger  towns  are 
pretty  well  cared  for  in  respect  to  hygiene,  al- 
though many  of  the  methods  employed  are 
open  to  considerable  improvement.  In  the 
smaller  towns  and  villages,  where  advice  is 
not  so  easily  obtained,  and  local  authorities 
are  ignorant  and  prejudiced,  very  much  re- 
quires to  be  done.  Mr.  Slagg  has  collected  a 
great  amount  of  useful  information,  a  good 
deal  of  which  will  be  found  valuable  to  those 
who,  in  default  of  action  on  the  part  of  au- 
thority, may  desire  to  set  their  own  houses  in 
order.  The  subjects  treated  of  are,  first,  some 
of  the  more  common  forms  of  nuisance  and 
their  remedies  ;  secondly,  drainage  ;  and  third- 
ly, water  supply.  The  last  is  perhaps  the  most 
important  of  all,  as  all  the  others  are  to  some 
extent  dependent  upon  it ;  and  we  especially 
notice  an  ingenious  and  practical  arrangement, 
by  which,  for  purposes  of  cleanliness,  and  in 
the  absence  of  a  more  suitable  supply,  the  rain- 
water collected  on  the  roof  may  be  stored  and 
filtered.  In  connection  with  house  drainage 
we  observe  that  the  importance  of  ventilating 
sewers  and  house-drains  is  properly  insisted  on. 
and  plain  directions  given  for  drawing  off  the 
foul  air  and  preventing  it  from  entering  the 
dwelling. 

A  Comprehensive  Treatise  on  the  Water 
Supply  of  Cities  and  Towns.  By 
William  Humber,  C.E.  London:  Crosby, 
Lockwood  &  Co.  New  York  :  D.  Van  Nos- 
trand.    Price  $60.00. 

The  plan  of  this  great  work  is  briefly  this, 
viz. :  A  general  division  into  a  theoretical  and  a 
practical  or  constructive  portion.  The  theoretical 
section  embraces  an  Introductory  Historical 
Sketch,  and  separate  chapters  on  the  Chemical, 
Meteorologieai  and  Geological  elements  of  the 
subject,  together  with  a  treatise  on  the  Flow  of 
Water. 

The  constructive  portion  treats  first  of 
Water  Works  generally,  then  of  their  parts 
separately;  including  Wells,  Reservoirs,  Filter 
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Beds,  Engines,  Pumps,  Conduits,  Mains,  and 
the  apparatus  controlling  the  ultimate  outlet  of 
the  water. 

MaDy  water  works  are  fully  described  by 
.full  page  plates  and  numerous  interspersed 
wood  cuts  Among  these  are  the  works  of 
Bombay,.  Biddeford,  Glasgow,  Dundee,  Man- 
chester, Canterbury,  Sunderland,  Rotherham 
and  Port  Glasgow. 

The  contents  of  the  various  chapters  are  as  ' 
follows,  viz. :  Historical  Sketch  of  Some  of  the 
Means  that  have  been  Adopted  for  the  Supply 
of  "Water  to  Cities  and  Towns  ;  Water  and 
the  Foreign  Matter  Usually  Associated  with 
it ;  Rainfall  and  Evaporation ;  Springs  and  the 
Water-Bearing  Formations  of  Various  Dis- 
tricts ;  Measurement  and  the  Estimation  of 
the  Flow  of  Water;  On  the  Selection  of  the 
Source  of  Supply;  Wells;  Reservoirs;  Purifi- 
cation of  Water;  Pumps;  Pumping  Machinery; 
Conduits;  Distribution  of  Water;  Meters, 
Service-Pipes  and  House-Fittings;  Laws  and 
Economy  of  Water  Works. 

The  text  covers  378  pages  of  the  ponderous 
quarto.  The  wood  cuts  number  upwards  of 
250,  and  there  are  fifty  do»ble  plates.  There 
is  no  other  book  in  the  English  language  that 
can  be  compared  with  this  for  completeness  of 
historical  information  on  this  subject. 

A   Handbook  of    Architectural  Styles, 
Translated  from  the  German  of  A.  Rosen 
garten.    By  W.  Collett-Sandars    London  : 
Chapman  and  Hall.     For  sale  by  D.  Van  Nos-  ' 
trand.     Price  $6.00 

Students  of  architecture  have,  in  this  recent-  : 
ly-publish'ed  work,  another  Hand-book  of  Ar-  j 
cbitectural  Stjdes  placed  before  them,  possess- 
ihg  some  degree  of  accuracy,  with  the  conve- 
nience   of    a    methodical    classification.    The 
work  in  question  is  a  translation  from  the  Ger- 
man of  the  well-known  treatise  of  A.  Rosen- 
garten,    Mr.    W.    Collett-Sandars    being    the 
translator;   and  its  present  English  rendering: 
has  had  the  advantage  of  the  revision  of  an 
English  architect,  Mr.  T.   Roger  Smith,  who 
has  confined  himself  to  the  task  of  revising  the 
technical  language   of  the   translation.     This 
method  has  some  advantages  ;  the  style  and 
diction  of  the  original  is  retained,    as  far  as 
possible,  by  the  independent  translator,  while 
the  exactness  of  English  terms  conveying  the 
meaning  of  the  original  is  somewhat  modified 
and  brought  within  the  conventional  terminol- 
ogy of  the  profession.     Rosengarten's  work  is 
essentially  more  classical  than  mediaeval  in  its 
inspiration  ;  but  on  this  very  account  the  book 
ma}-  gain  the  advantage  of  the  change  in  archi- 
tectural feeling  which  appears  to  be  creeping 
over  the  profession.     The  admirable  "Hand-( 
book  "  of  Mr.  Fergusson,  while  it  serves  all  the 
purposes  of  the  student  and  archaeologist,  is  too  | 
comprehensive,  and  perhaps  a  little  too  discur- 
sive, for  the  object  of  a  handbook  suitable  to  : 
the  class-room,  or  to  the  younger  student  and 
general  reader.     The  present  book  is  more  con- 1 
cise,  and  is  divided  into  twro  divisions — "An- ! 
cient  Architecture, "embracing  Indian  architec-  i 
ture,  Egyptian,  West  Asiatic^C-ninese,  and  the 
classical  siyles   of    Greek   and    Roman ;   and  j 
''Romanesque    Architecture,"    including  not  I 


only  those  styles  generally  known  as  Roman- 
esque, but  the  later  distinct  developments  call- 
ed by  the  English  architect  and  archaeologist 
Christian  or  Gothic  architecture.  The  latter 
division  pf  the  subject  is  certainly  an  extension 
of  the  title  "Romanesque,"  not  warranted  in 
our  nomenclature,  though  the  German  origin- 
al convej'S  a  meanirjg  that  is  nearer  that  term 
than  we  have  been  accustomed  to  use.  The 
term  "Romance"  would  probably  be  the  one 
the  classicist  would  use  as  expressing  the  sen- 
timent and  features  of  the  later  forms  known 
generally  as  Gothic  architecture,  and  although 
the  earlier  Christian  architecture  of  the  middle 
ages  may  be  denominated  Romanesque,  as  that 
of  Southern  France  (the  Norman  elements 
which  crept  into  it,  and  which  so  tinctured 
our  own  round-arched  style,  seem  to  warrant  a 
more  precise  shade  of  meaning) ;  we  should 
have  been  content  if  the  Pointed  style  had  been 
more  distinctly  separated  in  the  classification. 
But  we  take  the  book  as  we  find  it.  In  look- 
ing over  the  list  of  illustrations,  we  find  no  less 
than  639  are  given,  and  these  are  copious,  and, 
in  some  instances,  well-drawn  and  accurate  de- 
lineations ;  though  some  of  the  woodcuts  do 
not  appear  very  fresh,  and  others  are  of  a  class 
unworthy  the  work,  and  appear  to  be  culled 
from  inferior  serials. — Abstract  from  review  in 
Building  News. 

The  Kinematics  of  Machinery:  Outlines 
of  a  Theory  of  Machines.  By  F.  Reu- 
leaux.  London:  Macmiilan  &  Co  ,  1876.  For 
sale  by  D.  Van  Nostrand.     Price  $7.50. 

The  study  of  pure  mechanism,  a  branch  of 
kinematics,  in  general  consists  of  the  solution 
of  the  following  problems: — Given  the  mode 
of  connection  of  two  or  more  points  or  bodies 
with  each  other,  required  their  comparative 
motion,  and  conversely  given  their  comparative 
motion  to  find  their  proper  connection.  Now 
the  comparative  motion  of  two  points  is  de- 
termined, as  laid  down  by  Willis,  when  (1)  the 
velocity  ratio  or  the  proportion  which  their 
velocities  bear  to  each  other,  and  (2)  their 
directional  relations,  are  known;  the  latter 
requiring  for  its  complete  determination  (a)  the 
angle  between  the  directions  compared,  (b)  the 
angle  which  the  plane  containing  the  two 
directions  makes  with  a  plane  fixed  in  a  space, 
and  (c)  the  angle  the  intersection  of  the  two 
planes  makes  with  a  fixed  line  on  the  latter 
plane.  In  "Kinematics  of  Machinery,"  the 
English  translation  by  Prof.  A.  B.  W.  Ken- 
nedy of  Prof.  Reuleaux's  "  Theoretische 
Kinematik,"  the  study  is  confined  within  nar- 
rower limits,  causing  the  translator  not  a  little 
difficulty,'  as  he  expresses  in  his  preface,  to 
translate  the  word  kinematic,  carrying  as  it 
does  a  more  extended  signification  here  than 
on  the  Continent.  Starting  with  the  condition 
that  the  change  of  position  is  definite  at  each 
instant,  and  determined  by  the  form  and  con- 
nection of  the  fixed  and  moving  parts, 
Prof.  Reuleaux  proceeds  to  investigate  the 
directional  relations  of  the  motion,  and  the 
arrangements  of  the  parts  by  which  the  motion 
is  best  brought  about,  and  without  any  reference 
to  the  idea  of  velocity. 

On  turning  to  the  Appendix  we  find  a  most 
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interesting  historical  collection  of  the  defini- 
tions of  a  machine,  one  of  which  definitions 
we  remark  includes  equally  an  adhesive  fly- 
paper and  the  red-hot  poker  of  the  clown;  that 
given  by  Keuleaux,  is  more  concise  and 
certainly  nearer  the  point  than  most  of  these. 
"A  machine  is  a  combination  of  resistant 
bodies  so  arranged  that  by  their  means  the 
mechanical  forces  of  nature  can  be  compelled 
to  do  work  accompanied  by  certain  determinate 
motions." 

Thus  the  prevention,  by  the  resistance  of  the 
different  parts,  of  all  motion  other  than  that 
desired,  as  well  as  the  conversion  into  useful 
work  of  as  much  of  the  energy  expended  as 
its  efficiency  permits,  is  the  function  of  the 
machine.  "Those  parts  of  a  machine  trans- 
mitting the  forces  by  which  the  moving  points 
are  caused  to  limit  their  motions  in  the  definite 
and  required  manner,  must  be  bodies  of  suit- 
able resistant  capacity;  the  moving  parts 
themselves  must  belong  also  to  similar  bodies." 
But  the  determination  of  the  suitable  form 
and  sectional  area  of  the  resistant  parts,  though 
indispensable  in  the  construction  of  the  ma- 
chine, belongs  to  another  part  of  the  study  of 
machine  design,  and  cannot  be  included  in  the 
kinematic  discussion. 

The  following  is  the  outline  of  Prof.  Reu- 
leaux's  Classification  of  Constructive  Elements : 
Rigid  Elements : 
Joints  (for  forming  links)  such  as  rivets, 

keys,  keyed  joints. 
Elements  in  pairs  or  in  links,   such  as 
shafts  and  axles,  levers,  cranks,  &c. 
Flectional  Elements: 
Tension  organs  by  themselves   and  used 
with  chain-closure,  such  as  belts,  cords. 
Partners  of  pressure  organs  such  as  pistons 
and  plunges,  steam  cylinders  and  pump 
barrels. 
Springs. 
Trains : 
Click-gear. 
Brakes. 

Movable  couplings  and  clutches. 
The  cuts  illustrating  the  book,  are  much 
superior  to  those  generally  to  be  found  in  theo- 
retical books  on  machinery,  but  they  do  not,  of 
course,  equal  the  elaborate  working  drawings  to 
be  found  in  certain  books  on  machine  design. 
In  Fig.  169,  p.  218,  the  rope  appears  to  have 
somewhat  lost  its  way.  The  translator  has 
done  his  work  most  admirably,  and  great  must 
have  been  the  ingenuity  required  to  manufac- 
ture some  of  the  names  here  presented  for  the 
first  time  to  the  English  reader.  In  fact  we 
could  hardly  imagine  a  book  more  difficult  to 
translate,  on  account  of  the  great  number  of 
specially-constructed  words  in  it,  nor  do  we 
remember  having  read  one  in  which  the  duties 
of  the  translator  have  been  more  successfully 
carried  out. — Abstract  of  Review  in  Nature. 


while  pillars  of  brick  and  stone,  used  for  the 
same  purpose,  crumble  away  in  a  short  time  by 
the  decay  of  their  mortar.  It  is  also  found 
that  wooden  piles  driven  into  the  mud  of  salt 
flats  and  marshes  last  for  an  unlimited  time, 
and  are  used  for  the  foundation  of  brick  and 
stone  edifices  ;  and  the  practice  of  docking  tim- 
ber by  immersing  it  for  some  time  in  sea-water, 
after  it  has  been  seasoned,  is  generally  admit- 
ted to  be  promotive  of  its  durability.  There 
are  some  experiments  which  appear  to  show 
that,  even  after  the  dry-rot  has  commenced,  im- 
mersion in  salt  water  effectually  checks  its  pro- 
gress, and  preserves  the  remainder  of  the  timber. 

Boiler  Explosions. — The  following  state- 
ment issued  by  the  Manchester  Steam 
Users'  Association  is  worthy  of  most  careful 
attention  : 

Steam  Boiler  Explosions  and  the  Necessity  for 
Governmental  Interference  in  the  Interest  of  the 
Public 


Return  of  the  Number  of  Steam  Boiler  Explosions 
from  the  year  1865  to  1874  inclusive,  with  the 
Number  of  Persons  Killed  and  Injured  thereby. 


MISCELLANEOUS. 

alt  Wood. — It  is  a  curious  fact,  that  in  the 
salt-mines  of  Poland  and  Hungary  the  gal- 
leries are  supported  by  wooden  pillars,  which 
are  found  to  last  unimpaired  for  ages,  in  con- 
sequence of  being  impregnated  with  the  salt, 
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During  the  past  year  of  1875  there  were  45 
explosions,  killing  67  persons,  and  injuring  96 
others.  This  may  be  compared  with  the  aver- 
age number  of  explosions  during  the  last  ten 
years  as  follows  : 

Average  from  the  year  1865  to  1874  inclusive. 
53  explosions,  62  persons  killed,  and  99  injured. 

Returns  for  1§75. 
45  explosions,  67  persons  killed,  and  96  injured 

Thus  the  year  1875,  though  below  the  aver- 
age as  regards  the  number  of  explosions,  was 
above  it  as  regards  the  number  of  persons  kill- 
ed. No  abatement  in  the  sacrificeof  life  ap- 
pears to  be  taking  place,  and  this  sacrifice  of 
life  recurs  with  such  regularity  year  after  year 
that  there  is  every  reason  to  fear  that  another 
60  or  70  persons  will  be  killed  before  the  end 
of  the  present  year  by  steam  boiler  explosions 
unless  some  Governmental  pressure  is  exerted 
to  arouse  steam  users  to  a  due  sense  of  their 
responsibility. 
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On  page  152  of  the  August  number  of 
Van  No  strand's  Magazine,  the  author 
(Mr.  Merriman)  says  : 

"  As  far  as  the  diagonals  are  concern- 
ed the  two  structures  (the  one  of  7  con- 
tinuous  spans   of    50',  the  other   of    7 


single  spans  of  50'  each  under  uniform 
dead  load)  require  an  equal  amount  of 
material"  This  is  mathematically  wrong, 
and  it  requires  a  limited  amount  of  theory 
to  see  it. 

Be  AB  a  span  of  a  continuous  bridge 


i 
A* 

i 
i 


uniformly  and  wholly  loaded  by  p  pounds 
per  lin.  foot.  CD  may  represent  the 
line  of  shearing  forces,  A  C  being  the  re- 
action on  A  equal  to  p.x,  and  B  D  being 
the  other  reaction  =(Z— x)  p. 

It  is  well  known  that  of  a  continuous 
bridge  even  if  uniformly  loaded  (for  in- 
stance, by  dead  load) — save  in  the  mid- 
dle span  in  case  of  an  odd  number  of 
spans — the  reactions  A  and  B,  arising 
Vol.  XV.— No.  4—19 


from  the  load  AB,  are  not  equal,  or  that 
C  D  does  not  pass  through  the  center 
point  of  A  B. 

The  quantity  required  in  the  web  of 
span  AB  is  equal  to  the  sum  of  the  tri- 
angles ACE  plus  E  B  D,  multiplied  with 
a  certain  constant  coefficient  ;  and  since 
AE=cc,  and  BE  =  l-«,  there  is  the  : 


Web  =  coefficient  X  [x*  +  (l-x) 2] 
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This  is  no  constant  function  ;  it  has  a 


~25 


minimum  which  occurs  for  x=l— x: 

in  other  words  : 

The  theoretical  value  of  the  web  of  a 
single  span  bridge;  even  for  uniform 
load,  is  lighter  than  it  would  be  for  a 
continuous  b'ridge. 

For  single  spans,  there  is  the  web= 

I3 

coefficient  X-,    and   for  two  continuous 

spans  the  web  is  =  coefficient X  0.53 IP, 
which  is  6.2  per  cent,  more  than  for 
single  spans. 

The  author  further  says,  on  page  153  : 
"  It  is  capable  of  demonstration  that  for 
girders  subjected  only  to  dead  load  the 
total  amount  of  strain  of  the  webbing 
will  be  the  same  as  for  continuous  truss- 
es." 

Also  this  assertion  is  theoretically 
wrong,  and,  like  the  last  proposition,  is 
not  capable  of  demonstration. 

Practically,  in  case  of  many  spans,  the 
webbing  of  continuous  bridges  would 
only  be  slightly  greater  than  for  single 
spans,  were  it  not  that  the  movable  load 
influences  continuous  girders  very  mate- 
rially more  than  it  does  single  spans. 
(Compare  figures  on  200'  spans  given  in 
the  sequel).  Our  instructor,  in  speaking 
of  the  variability  of  the  moduli  of  elas- 
ticity, towards  refutation  of  my  own 
paper  on  "  Continuous  Bridges  "  (written 
for  the  use  of  the  American  Society  of 
Civil  Engineers,  Transactions  volume  V, 
18*76),  quotes  a  passage  of  Gen.  Morin's 
book,  on  the  properties  or"  building  ma- 
terial, which  very  passage  I  have  alluded 
to  on  page  159  of  the  Transactions  quot- 
ed, where  I  said  :  "  Morin  believed  that 
the  great  variability  of  moduli  (even  of 
rails  of  same  section  and  make)  should 
be  explained  by  the  quality  of  the  iron, 
and  he  judges  that  the  better  material 
should  show  also  the  higher  modulus. 
But  the  great  variations  also  of  moduli 
of  bars,  of  undoubtedly  excellent  make 
and  of  great  uniformity,  seem  to  dis- 
prove his  judgment."  .It  is  interesting 
to  know  what  Morin  says  just  before 
the  passage  translated  by  Mr.  Merriman, 
and  also  what  he  says  after  that  passage. 

These  two  additions  prove  that  Morin 
puts  his  classification  down  only  as  a 
hypothesis,  which  is  all  to  what  he  is 
really   entitled.      General   Morin   says  : 


"  It  is  pretty  difficult  to  determine  with 
exactness  the  average  value  of  moduli  of 
elasticity  of  wrought  iron  to  suit  all  the 
results  of  old  and  new  experiments.  It 
seems  to  me  to  be  more  convenient  {plus 
convenable)  to  establish  a  distinction 
between  the  different  qualities  of  iron 
which  can  be  procured  in  the  market." 
And  after  classifying,  as  translated,  into 
high  grade  (average  modulus  30  million 
pounds),  ordinary  iron  (modulus,  25,000,- 
000),  and  soft,  ductile  iron  (modulus, 
from  21  to  17  million  pounds). 

Morin  says  :  "  But,  moreover,  it  must 
not  be  lost  sight  of  that  it  happens  pretty 
often  that  iron  bars  of  the  same  manu- 
facture, furnished  by  the  same  works, 
present  notable  differences  in  their  resist- 
ance to  flexure,  such  as  have  been  seen 
in  No.  368,  where  the  results  of  experi- 
ments on  the  flexure  of  rails,  made  in 
the  conservatory,  are  reported." 

In  order  to  be  fair,  the  translator 
should  have  given  also  these  passages 
which  immediately  inclose  the  one  given, 
and  which  are  indispensable  to  the  un- 
derstanding of  this  question.  Actually, 
the  experimental  results  quoted  by  the 
General  hardly  permit  his  hypothesis  of 
the  cause  of  variability  of  moduli.  Had 
General  Morin  been  in  possession  of  the 
many  other  experimental  results,  collect- 
ed and  related  by  me,  he  most  probably 
would  not  have  drawn  his  hypothetical 
generalization. 

Thus,  not  only  common  iron,  but  also 
the  superior  Reschitza  steel,  shows 
moduli  from  24,600,000  to  27,700,000 
pounds.  The  great  variability  of  moduli 
is  further  illustrated  by  Prof.  Bauschin- 
ger's  experiments  on  Bessemer  metal 
from  Ternitz.  The  softest  metal  of  this 
make,  containing  only  one-seventh  of  one 
per  cent,  of  carbon,  which  represents 
fibrous  iron  of  great  ductility,  and 
stretching  permanently  from  nineteen  to 
twenty-five  per  cent.,  showed  moduli 
from  28,400,000  to  38,200,000  pounds. 
Again,  superior  English  crownbars,  and 
the  iron  tested  by  Hodgkinson  (quoted 
by  Morin),  shows  moduli  from  23,440,- 
000  to  20,660,000  pounds. 

All  this  proves  that  refining  and  stock 
alone  are  not  sufficient  to  clear  up  the 
cause  of  the  variations  of  moduli.  The 
experiments  made  by  the  Prussian  State 
Engineer  (Baurath)  Malberg,  in  1845,  for 
the  bars  of   the  Muehlheim  suspension 
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bridge,  gave  moduli  from  20,000,000  to 
27,000,000  pounds.  These  bars  were 
made  of  the  same  excellent  quality  of 
"coldblast  charcoal"  stock  from  the  fa- 
mous Siegen  sparry  ores.  It  was  pud- 
dled, hammered  and  rolled  into  muck 
bars.  These  were  piled,  charged  to 
heating  furnaces,  hammered  under  a 
six-ton  steam  hammer,  reheated  and  rolled 
into  bars  of  6"xH",  and  of  about  8' 
length.  The  manufacture  was  done  with 
the  greatest  possible  care,  and  so  as  to 
secure  the  greatest  possible  uniformity. 
Here,  then,  is  charcoal  pig-iron  treated 
under  most  approved  processes,  which 
would  fall  in  the  class  No.  1,  or  should 
show  the  highest  moduli  of  30,000,000 
in  average  as  per  Morin.  But  the  aver- 
age modulus  is  only  24,000,000  pounds. 

The  experiments  (fall,  1875)  of  Mr.  Th. 
Lovett,  consulting  and  acting  engineer 
of  the  Cincinnati  Southern  Railroad, 
were  made  on  thirty  different  compres- 
sion members  from  ten  to  thirty  feet 
long,  such  as  are  actually  used  in  the 
first-class  bridges  (from  the  Keystone, 
the  American,  Phoenix  and  the  Baltimore 
Bridge  Companies),  and  it  is  quite  posi- 
tive that  these  members  were  as  well 
made  in  every  regard  as  could,  or  as  can, 
be  expected  from  manufacturers  in  any 
country.  The  moduli  found  extended 
over  a  range  from  19,300,000  to  34,600,- 
000  pounds.     There  were  : 

Below  20  million  pounds 1  moduli. 

From  20  to  25  million  pounds 7  moduli. 

From  25  to  30  million  pounds 15  moduli. 

From  30  to  34,  6  million  pounds. . .  5  moduli. 

I  have  tested  many  thousand  eye-bars 
in  the  lever  machine  at  Phoenixville,  all 
under  the  same  strains  below  the  elastic 
limit  (20,000  lbs.  square  inch  is  the  cus- 
tomary applied  test  load).  The  bars 
were  long  bridge  members,  and  consti- 
tute parts  of  existing  structures.  Wood- 
en rods  15'  — 20'  long  were  clamped  at 
one  end  to  the  bars,  and,  it  was  found 
by  careful  measurement,  1,  that  hardly  a 
difference  in  the  moduli  was  observable 
as  long  as  these  best-best  bars  were  of 
the  same  lot,  that  is  of  the  same  section 
and  length  ;  2,  but  that  the  moduli  were 
very  differing  for  different  cross- sections 
of  bars.  Thin  bars — perhaps,  because 
finished  in  the  rolls  colder  than  thick 
bars — gave  the  lowest  moduli,  such  as 
18,000,000   pounds,   whilst  the   maxima 


were  obtained  for  bars  of  6"  X  2§ ",  whose 
moduli  went  up  as  high  as  40,000,000, 
and  even  more  pounds.  Other  engineers, 
like  Mr.  B.  Nicholson,  made  similar  ob- 
servations, and  especially  were  astonish- 
ed about  the  high  moduli  of  heavy 
bars. 

General  Morin  says:  "The  softest  and 
most  ductile  iron  furnishes  values  as  low 
as  21,300,000,  and  even  17,000,000  lbs. 
But  it  is  known  to  all  practical  iron  men 
that  the  Swedes  iron  is  the  very  softest, 
and  is  the  most  ductile  iron  in  the 
world  (fine  wire,  No.  50,  drawn  from  it), 
and  yet  its  modulus  by  Styffe  was  not 
found  21  or  17  millions,  but  between  27J 
and  34-|  millions." 

The  bars  used  for  the  Vienna  Railroad 
Suspension  Bridge  (certainly  of  excel- 
lent make  and  stock)  are  reported  to 
have  differed  remarkably,  and  so  much 
so  that  bars  of  nearly  equal  moduli 
were  put  into  the  same  panels  of  the 
chains. 

Mr.  B.  Baker,  of  London,  says:  "Every 
practical  man,  who  has  noted  the  beha- 
vior of  iron  girders  under  bending 
stresses,  knows  that  whilst  one  girder 
may  deflect  a  certain  amount  under  the 
test,  another  one  precisely  similar,  and 
placed  apparently  under  the  same  condi- 
tion, deflects  some  thirty  per  cent,  more  or 
less" 

Redtenbacher,  who  is  known  to  be  a 
conscientious  and  learned  author,  quotes 
the  moduli  of  iron  from  21,300,000  to 
35,500,000  pounds,  of  steel  from  28,500,- 
000  to  34,100,000. 

Reuleaux  (Der  Constructeur)  for  wire, 
bars,  and  ordinary  steel  gives  28,500,000, 
for   cast-steel   gives    42,700,000  pounds. 

Kupffer,  in  St.  Petersburg,  by  experi- 
ments on  sound  and  flexure  gets  from 
25,000,000  to  30,000,000  pounds. 

Coulomb,  Tredgold,  Lagerhjielm  and 
Woehler  found  the  modulus  of  hardened 
steel  exactly  equal  to  that  of  unhard- 
ened  steel ;  Kupffer,  in  some  instances, 
finds  the  modulus  of  hardened  steel  6-2- 
per  cent,  higher. 

Styffe  says  that  the  modulus  of  cold 
worked  iron  is  low,  but  can  be  raised  by 
a  glowing  heat.  He  also  says  that  the 
presence  of  phosphorus  influences  the 
modulus.  There  are  thus  great  differ- 
ences of  opinion.  But  so  much  is  cer- 
cain  that  these  experiments  prove  that 
Morin's  hypothesis  cannot  be  sustained, 
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the  moduli  of   iron  of    the   same   stock 
and  make  varying  considerably. 

The  fact  is  that,  in  order  to  get  a 
proper  idea  of  the  moduli  of  bridge 
members,  it  is  indispensable  to  test  such 
pieces  as  actually  are  used  in  bridges. 
This,  for  tensile  members,  Malberg, 
Bauschinger  and  myself  haA^e  done, 
whilst  Mr.  Th.  Lovett's  results  for  the 
first  time  refer  to  the  moduli  of  com- 
pression members,  such  as  actually  are 
used  in  bridges. 

General  Morin's  generalization  being 
inconsistent  in  itself  (he  puts  the  most 
ductile  and  the  best  charcoal  irons  in  the 
two  extremest  classes,  whilst  the  best 
charcoal  irons  are  also  the  most  ductile 
and  the  softest  brands),  and  all  experi- 
menter's results  agreeing  as  to  great  va- 
riability of  moduli  ;  the  young  instruct- 
or must  see  that  he  is  rather  in  position 
to  learn  than  to  teach. 

I  have  expressly  stated  in  my  article 
on  Continuous  Bridges  that  the  many 
thousand  bars  tested  by  me  were  "  double 
refined  (best-best)  Phoenix  bars "  for 
use  in  bridges,  and  it  is  certainly  not  my 
fault  if  our  instructor  asks  what  kind  of 
iron  was  experimented  upon.  The  con- 
clusion then  is  this  :  The  hypothesis  of 
a  constant  modidus  of  elasticity  is  not 
supported  by  experiments,  and  conse- 
quently cannot  be  made  until  a  method 
is  found  by  which  to  secure  iron  of 
equal  moduli  loithout  extra  cost.  The 
price  of  double  refined  iron  is  about 
twenty  per  cent,  higher  than  that  of 
single  refined  iron,  and  double  refined 
iron  is  only  used  in  the  tensile,  (eye-bars 
and  diagonal  rods),  but  not  in  the  other 
members  of  first-class  bridges.  During 
the  first  four  years  of  my  presence  in 
this  country,  I  have  devoted  much  time 
to  the  further  study  of  the  theory  of 
continuous  girders.  In  1867,  I  have  in- 
vestigated the  question  whether  it  would 
not  be  possible  to  reduce  the  moments  of 
flexure,  caused  by  moving  loads,  of  such 
bridges  by  interposing  systems  of  springs 
between  the  trusses  and  their  supports. 
This  method,  by  adjustment  of  the  springs 
(acting  as  huge  dynamometers,  previous- 
ly tested),  I  hoped  to  use  also  towards 
regulating  the  reactions  of  the  piers  and 
herewith  the  strains;  in  other  words,  I 
intended  to  use  these  systems  of  springs 
as  elastic  scales.  The  calculations  con- 
nected therewith  were  of  a  rather  com- 


plicated character,  and  proved  that  the 
advantages  of  the  system  were  neutral- 
ized by  the  expense  of  the  springs. 
Later  I  tried  (see  foot-notes  of  my  arti- 
cle) to  substitute  for  these  springs  cheap 
scales,  designed  on  the  principle  of  the 
lever,  the  power  for  raising  the  trusses 
being  furnished  by  hydraulic  rams. 
I  further  continued  these  investiga- 
tions by  making  entirely  new  for- 
mulae, involving  a  great  amount  of 
mathematical  labor,  which  formulae 
contained  the  influence  on  the  deflec- 
tions, &c,  of  not  only  the  chords,  but 
of  each  separate  chord  member,  and  also 
of  each  web  member,  and  I  had  the  hope 
that,  by  these  improvements  in  theory, 
and  by  the  others  regarding  corrections 
of  irregularities  of  execution,  I  might 
become  successful  in  arranging  pinjoint- 
ed  continuous  girders  for  the  use  in  this 
country  of  pushing,  without  scaffolds, 
bridges  of  large  spans  over  the  piers. 
I  also  hoped  to  save  material.  But  I 
found  myself  compelled  to  give  up  the 
hope  of  presenting  something  better  than 
we  have,  since  I  had  learned  to  appreci- 
ate the  great  advantages  as  regards 
economy  of  the  American  single  span 
bridges,  and  more  especially  when  I  no- 
ticed, to  my  disappointment,  the  great 
and  thus  far  unaccountable  variations  in 
the  moduli  of  best-best  bars  of  the  same 
stock  and  same  manufacture,  excluding 
under  all  circumstances  the  supposition 
of  a  constant  value  of  modulus.  The 
reason,  therefore,  that  I  have  abandoned 
continuous  bridges  is  not  that  I 
have  not  sufficiently  studied  their 
mathematical  relations,  for  this  I  have 
done  thoroughly  for  a  period  of  four 
years,  my  position  in  1867  being  in 
advance  of  that  of  our  instructor  in 
1876,  but  it  is  this:  that,  after  a  conscien- 
tious weighing  of  all  elements,  I  could 
not  help  admitting  that  continuous  gird- 
ers are  inferior  to  single  spans  in  every 
respect.  The  difficulty  of  making  cal- 
culations of  continuous  girders,  however, 
is  the  last  and  lightest  objection,  for  every 
average  polytechnic  scholar  can  do  this 
algebraic  drudgery,  involving  little  or  no 
thought,  but  only  a  sufficient  volume  of 
Chinese  patience. 

I  blame  the  author  for  making,  as  re- 
gards my  personal  opinions,  quite  a  series 
of  statements  deficient  in  truth. 

I  do  not  advise  "  to.  abandon  the  the- 
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ory  of  flexure,"  and  therefore  I  am  not 
inconsistent  if  I  apply  it  towards  calcu- 
lating the  moduli  from  experiments  on 
flexure.  There  is  no  passage  of  this  kind 
in  any  of  the  papers  written  by  me.  On 
the  contrary,  I  have  shown  conclusively, 
and  have  given  expression  on  pages  21 
and  40  of  "Van  Nostrand's  Science 
Series  No.  4,"  that  the  theory  of  flexure 
given  by  Euler,  of  Basil,  in  the  year 
1744,  improperly  ascribed  to  Navier, 
agrees  wonderfully  well  with  experi- 
ments for  strains  below  what  is  called 
the  elastic  limit  of  cylindrical  solid  sec- 
tions of  first-class  homogeneous  iron 
or  steel,  and  I  have  expressed  this  view 
again  on  page  198,  of  my  article  on  Con- 
tinuous Girders,  Vol.  V,  Transactions 
Am.  Soc.  Civ.  Engrs. 

In  other  words,  whilst  I  approve  of  the 
proper  use  of  this  theory,  I  do  not  ap- 
prove of  its  misapplication.  A  continu- 
ous bridge  is  not  simply  a  cylindrical, 
solid,  homogeneous  beam.  It  is  com- 
posed of  many  parts  of  unequal  moduli, 
sections  and  strength,  and  it  cannot  be 
considered  as  a  unit.  And  there's  the 
rub,  that  beginners  in  mathematics  but 
too  often  apply  theories,  no  matter 
whether  their  suppositions  agree  with 
the  physical  conditions  of  the  object 
or  not.  They  imagine  that,  be- 
cause a  mathematical  expression  is  true, 
any  subject  into  which  they  can  throw  a 
few  formulae,  thereby  ipso  facto  must 
participate  of  that  truth. 

All  that  I  have  done  was  to  prove  that 
practical  bridgemen,  who  have  not  yet 
studied  deeply  the  subject  of  continu- 
ous bridges,  need  not  regard  them  seri- 
ously, the  fact  being,  that  progress  also 
in  bridge  building  can  not  be  separated 
from  simplicity. 

And  this,  my  conclusion,  is  justified, 
because  these  structures  are  not  any 
more,  and  even  less,  economical  as  regards 
quantity  of  material,  and  in  regard  to 
quality  are  decidedly  inferior  to  single- 
span  bridges  of  proper  proportions  and 
details. 

There  is  no  continuous  bridge  in  the 
world  which  I  know  to  be  lighter  than 
we  can  build  equally  strong  single  spans. 
If  the  instructor  of  New  Haven  knows  of 
one  single  executed  continuous  bridge 
that  is  lighter,  let  him  give  us  the  par- 
ticulars thereof,  or,  if  he  can  design  one, 
let  him  give  us  working  drawings  and 


computation  that  we  may  be  able  to  cal- 
culate precisely  the  quantities  ourselves, 
and  to  see  whether  such  a  bridge  is 
properly  designed,  and  whether  it  is 
lighter  than  we  can  design  bridges, whose 
calculation  is  only  based  on  the  plain 
law  of  the  lever.  Since  he  recommends 
continuous  bridges,  it  is  his  business  to 
also  give  us  proof  of  their  superiority  as 
practiced  structures,  for  his  claims  for 
saving  of  36  per  cent.,  20  and  40  per 
cent.,  I  consider  entirely  visionary.  I 
suggest  the  author  will  calculate  and 
give  us  the  exact  figures,  dimensions  and 
drawings  of  a  single  track  railroad  bridge 
of  1,000  feet  length,  continuous  over 
three  openings,  calculated  to  carry  a  live 
load  of  2,240  lbs.  per  foot,  headed  by  a 
locomotive  concentrating  80,000  lbs. 
upon  a  12-feet  wheel  base.  The  bridge 
to  have  iron  stringers,  and  to  be  not 
strained  over  10,000  lbs.  per  square  inch 
in  any  member  or  detail.  The  congres- 
sional members  to  be  proportioned  by 
Rankine's  formula,  the  least  radius  of 
gyration  being  considered,  and  10,000 
lbs.  per  square  inch  being  the  basis  strain. 
As  soon  as  the  author  has  given  us  the  nec- 
essary documents  from  which  to  judge 
his  capacity  for  designing  a  bridge  of 
this  kind,  I  also  will  give  my  complete 
figures  and  data  on  single  spans  for  the 
same  bridge.  I  have  calculated  towards 
my  own  information  two  continuous 
railroad  spans  of  200  feet,  as  compared 
with  two  single  spans.  Both  designs 
had  12  panels  per  span,  both  were  quad- 
rangular trusses  with  vertical  end  posts, 
both  were  calculated  for  a  dead  load  of 
1,200  lbs.  per  foot,  and  for  a  live  load  of 
2,240  lbs.,  headed  by  a  locomotive  con- 
centrating on  a  crossbearer  62,000  lbs. 
I  also  have  calculated,  under  the  same 
suppositions,  three  continuous  spans  of 
183'  4",  233'  4",  and  183'  4"  spans,  25' 
deep.  Each  of  the  three  designs'  was 
calculated  for  its  own  (nearly  most)  econ- 
omical height  of  truss,  but  not  by  con- 
sidering all  of  the  same  height,  regard- ' 
less  of  economy.  There  are  in  the  first 
place  the 

(See  Table  on  following  page.) 

By  making  the  single  spans  with  in- 
clined end-posts  a  further  saving  of  ma- 
terial and  labor  can  be  secured.  The 
figures  prove  that  there  even  is  no  theo- 
retical saving  in  these  continuous  bridges, 
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THEORETICAL    QUANTITIES. 


Spans Chords 

27'  deep  (not  deep  enough) Webs 

Two  continuous  spans Chords 

25'  deep Webs 

Three  continuous  spans Chords 

25'  deep  (a  little  too  deep) Webs 


Pound,  Feet. 


837,670  ) 
718,670  \ 
790,500 
772,830 
819,000 
889,000  J 


Total. 


1,555,340 
1,563,330 
1,708,000 


Weight  per  lin.  ft. 
of  trusses  only. 


Lbs.      Per  cent. 


519 
521 
570 


100 

100.5 

109.7 


(N.  B. — In  the  three  continuous  spans  the  effect  of  the  heavy  locomotive  is  not  yet 
considered.) 


shall 


see, 


they 


and  practically,   as  we 
stand  behind  entirely. 

It  might  be  rejoined  that  the  ad- 
vantages of  continuity  better  present 
themselves  in  case  of  heavier  dead  loads. 


Therefore,  under  precisely  the  same  con- 
ditions, but  for  a  dead  load  of  2,400  lbs. 
I  have  calculated  also  two  single  spans, 
and  three  continuous  spans.  These  are 
the 


THEORETICAL 

QUANTITIES 

Pound,  Feet. 

Total. 

Weight  per  foot  of 
trusses. 

Lbs. 

Per  cent. 

Single  Spans,  200',  27'  deep  ) '. .  .Chords 

Locomotive  considered,        ) Webs 

Three  continuous  spans,  25'  deep  ) Chords 

Locomotive  not  considered,         J Webs 

1,130,000  ) 
915,000  f 
958,400  I 

1,058,200  f 

2,045,000 
2,016,600 

682 

672 

101.4 
100.0 

In  this  instance  the  continuous  girders 
are  designed  too  deep,  and  the  single 
spans  too  shallow,  for  their  proper  heights 
the  quantities  of  the  chords  should  have 
become  nearly  equal  to  those  in  the 
webs;  and  by  also  considering  the  loco- 
motive load  the  theoretical  advantage  of 
1.4  per  cent,  would  have  been  turned 
the  other  way. 

In  all  these  examples,  the  chords  of 
the  continuous  girders  can  be  noticed  to 
be  lighter  than  those  of  single  spans, 
whilst,  reversedly,  the  webs  of  continuous 
girder  are  heavier  than  those  of  single 
spans,  in  such  proportions  that  the  gain 
in  the  chords  is  just  about  neutralized  by 
the  loss  in  the  webs. 

It  must  be  expressly  stated  that,  if 
it  were  possible  with  continuous  girders 
to  save  so  much  in  the  chords,  that  this 
saving,  less  the  extra  weight  in  the  webs, 


would  leave  a  final  saving;  this  would 
only  indicate  a  saving  in  the  theoretical 
value  of  the  trusses.  The  connecting 
parts,  as  latticing,  rivets,  reinforcing 
plates,  then  the  lateral  strutting,  lateral 
diagonals,  and  the  whole  floors  remain 
constant  quantities  unaltered  by  the 
principle  of  continuity.  In  our  example, 
about  one-third  of  the  iron  of  the  whole 
bridge  is  a  constant  quantity,  and  a 
theoretical  saving  in  the  trusses  of  three 
per  cent,  could  only  realize  two  per 
cent,  on  the  iron  work  of  the  whole 
bridge.  Most  of  the  enthusiastic  writers 
on  continuity,  however,  only  mention 
the  theoretical  saving  in  the  chords, 
without  subtracting  the  loss  in  webs,  or 
without  considering  the  quantity  of 
constant  weight  of  iron. 

While  acknowledged  standard  writers, 
as  Laisle  and   Schubler,  say,  that    "by 
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the  continuity,  which  is  about  as  econom- 
ical for  two  as  for  three  openings,  a  sav- 
ing in  the  weight  of  the  chords  of  from 
fifteen  to  tweuty per  cent,  canbe  obtained." 
(Page  135,  Laisle  and^Schubler,  derBan 
der  Bracken  trager,  1864)  :  our  in- 
structor is  sanguine  enough  to  claim  for 
the  whole  bridge  a  "  saving  of  iron, 
amounting  from  twenty  to  forty  per 
cent,  over  the  ordinary  construction  of 
single  spans." 

IRs  authority,  the  Professor  Winkler, 
of  Vienna,  says,  that  more  than  four 
spans  should  not  be  made  continuous, 
and  that  the  economy  by  continuity  for 
four  spans  is  about  as  great  as  for  three 
spans,  and  since  Laisle  and  Schubler  de- 
clare that  two  spans  give  about  as  much 
economy  as  three;  we  would  have  to 
conclude  that  the  number  of  spans  is  im- 
material in  continuous  girders,  as  far  as 
economy  in  the  chords  is  concerned. 

Winkler  gives  the  following  compari- 
son of  single  span  trusses  with  parallel 
chords  and  continuous  girders  (of  three 
openings): 

PEACTTCAL  VALUES  OF  TRUSSES  ONLY. 

33'  Single  Spans,  100  Continuous  Spans,  96 

164'  "           "      100  "               "       89 

328'  "     •       "      100  "               "       78 

492'  "            "      100  "               "       73 

This  amounts  to  from  four  to  twenty- 
seven  per  cent,  in  the  trusses  only,  whilst 
the  author  has  from  twenty  to  forty  per 
cent,  in  the  whole  bridge  (so  at  least 
it  must  be  assumed,  for  he  has  not  made 
any  provisional  remark,  and  therefore 
so  it  would  be  understood  by  those 
not  entering  any  more  deeply  into  the 
question  than  he  has  done). 

However,  it  must  be  expressly  re- 
marked that  Herr  Winkler,  at  the  time 
he  wrote  his  book,  was  not  so  far  ad- 
vanced as  to  realize  that  single  span 
bridges  must  be  built  deeper  than  con- 
tinuous bridges,  or  that  these  must  be 
built  shallower  than  those;  and  he  com- 
pares both  kinds  of  trusses  for  the  same 
depth,  this  being  undoubtedly  wrong. 
Had  he  considered  this  fact,  which,  how- 
ever he  has  done  in  a  similar  comparison 
(parallel  chords  and  curved  chords),  and 
had  he  also  considered  the  additional 
material  needed  in  the  regions  of  contin- 
uous bridges,  where  the  same  members, 
have  to  carry  tension  as  well  as  pressure 
also  he  would  have  found  that  up  to  at 


least  four  hundred  feet  spans  there  is  no 
economy  from  the  principle  of  continuity. 
1  now  shall  give  the  practical  weights 
calculated  for  single  and  for  continuous 
spans,  the  same  details  being  used  (ex- 
pressly stated  so  in  my  paper,  but  un- 
truly contradicted  by  Mr.  Merriman) : 

Two  continuous  spans, 
total  weight  per  foot, 
Two  single  spans,  same  details,  per  ft.  1,383 


1,466  lbs. 


except  Phoenix  columns  in-  j- . . .  1,337    " 
stead  of  open  posts,  per  foot,  ) 

These  weights  include  the  floor  timber 
and  nails,  300  lbs.  per  ft.,  and  the  co?i- 
stant  quantities  of  iron  in  floor  connec- 
tions, &c,  of  298  lbs.  per  foot. 

Only  for  very  large  spans  with  limited 
depths  there  would  be  a  theoretical  ad- 
vantage in  the  principle  of  continuity, 
when  it  would  become  desirable  to  build 
such  bridges  with  hinges  in  alternate 
spans.  That  there  is  no  advance  in 
bridge  building  in  connection  with  the 
ordinary  continuous  girders,  can  be 
brought  home  to  Mr.  Merriman  also  in 
this  way: 

We  use  for  this  purpose  again  his  own 
authority,  the  Professor  Dr.  Winkler  of 
Vienna.  Though  I  do  not  concur  with 
this  gentleman  in  a  good  many  respects, 
yet  his  conclusion  that  up  to  spans  of 
492  feet  length  Schwedler  trusses,  from 
6  to  0  per  cent,  are  lighter  than  con- 
tinuous trusses  (see  page  15  of  second 
part  of  his  book,  Vienna,  1872,)  seems  to 
be  quite  reasonable.  Winkler  calculates 
these  trusses  for  five-fourths  the  depths 
of  continuous  girders  which  is  scientific- 
ally correct. 

But  he  cannot  practically  build  them 
any  higher  than  we  build  our  Whipple 
trusses,  with  inclined  endposts,  and  with 
our  improved,  very  easily  variable,  chord 
and  web  members. 

Hence  we  have  in  the  first  place  a 
proof  given  by  a  theorist  of  the  purest 
water,  and  "by  the  writers  own  authority  " 
that  there  are  certain  single-span  trusses 
lighter  than  continuous  trusses.  But  it 
also  can  be  proved  that  with  our  details 
we  can  build  the  single  span  Whipple 
trusses  just  as  deep  as  it  is  possible  to 
build  Schwedler  trusses,  with  partly 
curved  and  in  the  center  parallel  chords, 
which,  in  fact,  constitute  only  an  approach 
from  parabolic  trusses  to  the  simplest 
and  best  form,  namely,  the  trapezoidal 
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truss.  We  can  prove  that  these  trusses 
are  just  as  light  theoretically  and  prac- 
tically as  Schwedler  trusses,  and  I  am 
confident  for  large  spans  they  will  be 
remarkably  more  economical.  (Compare 
K.  Culman's  Die  Graphische  Static, 
Zurich,  1866,  page  535,  the  last  11  lines 
below,  and  page  536,  6  lines  from  above. 

Hence  we  also  have  an  indirect  proof, 
furnished  by  the  writer's  own  authority, 
that  the  present  American  practice,  both 
on  account  of  its  economy  in  material 
and  as  regards  workmanship,  is  ahead  of 
the  system  which  he  not  very  success- 
fully wishes  to  introduce. 

Again,  Herr  Schwedler,  who  is  the 
government  examiner  of  all  new  bridge 
designs  in  the  Prussian  Kingdom,  builds 
no  continuous  fixed  girders,  which  he 
expressly  and  decidedly  has  abandoned 
since  1865,  (see  his  theses  on  bridge- 
building,  Erbkam's  Zeitschrift  fur 
Banwesen,  Berlin,  1865.)  But  Herr 
Schwedler,  being  an  engineer  of  high  po- 
sition who  has  very  essentially  promoted 
the  theory  of  strains  in  bridges,  domes, 
&c,  and  who  is  the  originator  of  the 
truss  known  by  his  name,  and  of  an  in- 
genious and  successful  system  of  pivot 
tables  for  draw  bridges,  has  built  a  great 
many  bridges  in  Prussia.  He,  therefore, 
is  theoretically  as  well  as  practically  very 
high  authority,  and  certainly  has  his 
good  reasons  for  rejecting  the  theory  of 
continuity. 

In  France  there  are  a  few  iron  works 
who  build  continuous  bridges  in  prefer- 
ence to  others  because  it  is  in  their  in- 
terest to  push  the  girders  over  the  piers, 
for  which  operation  they  are  prepared, 
their  plant  being  capable  of  being  used 
over  and  over  again.  The  work,  of 
course,  thereby  is  not  secured  to  be  as 
reliable  as  if  erected  on  carefully  built 
false  works. 

Two  of  the  German  Commissioners  to 
the  Philadelphia  Exhibition,  both  Prus- 
sian government  engineers  of  scientific 
education,  have  informed  me  that  the 
erection  of  continuous  girders  in  Ger- 
many has  ended,  and  indeed  I  know  of 
no  important  structure  of  this  kind  that 
has  been  built  there  since  the  last  five 
years. 

Professor  Paul  Panayeff,  of  the  Im- 
perial Technical  School  of  Moscow,  Com- 
missioner to  the  Exhibition,  a  gentleman 
whom  I  found  to  possess  much  practical 


and  theoretical  knowledge,  and  to  be  a 
warm  admirer  of  American  engineering 
practice,  and  especially  bridge  building, 
informs  me  that  since  three  years  no 
more  continuous  bridges  were  built  in 
Russia,  the  deficiencies  of  the  theory 
and  their  practical  difficulties  of  execu- 
tion and  working  being  recognized. 

Professor  Heintzerburg,  of  the  Prussian 
Polytechnic  School  of  Aix-la-Chapelle, 
whom  I  know  since  26  years,  with  whom 
I  correspond,  and  whose  work  by  Mr. 
Merriman  is  recommended  in  very  flatter- 
i?ig  terms,  in  the  chapter  treating  on  the 
systems  of  bridges  of  the  future,  has 
made  the  following  remark  in  the  year 
1870  : 

On  account  of  the  great  statical 
sensitiveness  of  continuous  bridges  as  re- 
gards inexact  execution  or  change  of 
the  heights  of  support  after  some  time, 
or  in  reference  to  settling  of  masonry  or 
sinking  of  piers,  those  constructions  rest- 
ing on  two  supports  only  (which  include 
single  spans  and  continuous  bridges  with 
hinges)  doing  away  with  that  sensitive- 
ness, are  more  and  more  p>ref erred. 

As  regards  the  substructures,  it  is  ac- 
knowledged that  single  span  bridges  can 
be  placed  on  masonry  of  a  more  economi- 
cal class  than  those  for  continuous 
bridges.  The  foundations  and  masonry 
of  continuous  bridges  must  not  settle  at 
all;  those  for  single  spans  may  settle 
several  inches  without  interfering  with 
the  ofiice  of  the  bridge.  The  piers  for 
single  spans  are  practically  good  enough 
if  their  foundations  and  masonry  are 
sufficiently  strong  to  resist  water  and  ice, 
and  if  they  can  securely  carry  the  load. 
Therefore  a  cheaper  class  of  masonry 
may  be  chosen  and  the  pressure  per 
square  foot  on  the  foundation  may  be 
taken  higher  than  would  be  necessary 
for  foundations  intended  to  carry  con- 
tinuous bridges. 

It,  therefore,  is  self  evident  that  in  many 
instances  the  adoption  of  these  bridges 
would  compel  to  more  rigid  specifica- 
tions as  to  foundations  and  masonry  than 
would  be  necessary  for  piers  of  single 
span  bridges.  In  many  instances  proper 
stone  would  have  to  be  got  from  large 
distances.  The  use  of  cribwork  as  foun- 
dation would  have  to  be  dispensed  with 
altogether,  <fcc,  &c. 

Now  this  being  quite  clear  to  every 
practical  man,  what  are  we  to  think  of 


THE   CONTINUOUS   GIRDER   QUESTION. 


297 


our  instructor's  conclusion  No.  3,  of  the 
alleged  advantages  for  continuous 
girders  ? 

He  claims  : 

3.  Saving  in  material  for  the  piers 
since  a  less  bearing  surface  is  required 
than  for  two  ends  of  single  span  bridges. 

But  it  is  known  that  the  middle  piers 
of  continuous  bridges  receive  greater 
pressures  than  the  piers  of  single  spans. 
Further,  only  a  pressure  of  so  and  so 
many  lbs.  per  square  inch  on  the  ma- 
sonry, transferred  by  the  bedplates,  is 
admissible,  which  for  very  good  stone  is 
about  300  lbs.  per  square  inch,  and  for  a 
low  class  of  masonry  was  found  to  be 
too  high  at  150  lbs.  per  square  inch. 
The  bedplates,  then,  for  continuous 
bridges  must  become  larger,  for  the  press- 
ure is  larger  ;  further,  it  being  so  very 
important  that  the  piers  do  not  settle  in 
part,  the  pressure  per  square  inch  must 
be  taken  less  than  that  for  single  span 
bridges.  If  it  were  possible  to  reduce 
the  width  of  piers  below  what  it  usually 
is,  there  would  be  no  difficulty  in  making 
the  bedplates  more  broad  than  long,  and 
of  reducing  their  length  considerably. 
Exclusively  practical  considerations  limit 
the  width  of  a  pier. 

That  special  caution  in  the  construc- 
tion of  foundations  and  masonry  of  con- 
tinuous bridges  are  required  the  fall  in 
this  year  of  the  Riesa  bridge,  caused  by 
undermined  masonry,  in  Saxony,  built 
1867,  gives  testimony.* 

Likewise  the  settling  of  center  piers 
of  continuous  draw  bridges  happens  not 
unfrequently.  A  bridge  of  this  kind 
near  New  Haven  was  commenced  two 
years  ago,  but  is  not  yet  in  operation. 
The  round  pier  of  this  bridge  tipped 
and  the  draw  could  not  be  turned. 

The  superstructure  had  to  be  jacked 
up,  the  masonry  had  to  be  removed 
partly  and  then  had  to  be  newly  laid. 


*  Consisting  of  a  span  of  92  meters  and  4  continuous  spans 
of  30  meters,  railroad  and  roadway  bridges  side  by  side. 
The  falling  of  a  portion  of  the  pier  made  the  roadway 
bridge  of  92  meters  fall  into  the  river,  which  being  a  riveted 
structure  wtth  wooden  floor  caused  the  water  to  form  a  fall 
over  a  weir  and  to  undermine  the  other  pier,  whose  total 
fall  caused  the  continuous  bridge  to  break  right  off  at  the 
next  pier.  A  small  portion  of  the  iron  work  remaining 
on  the  piers,  the  rest  formed  a  tangled  mass  of  distorted 
riveted  work.  Had  there  been  only  single  spans,  with 
American  details,  not  only  the  greater  part  of  the  bridge 
would  have  been  saved  from  falling,  but  the  fallen  parts 
very  easily  could  have  been  repaired  to  be  used  over 
again.  Similar  instances  happen  not  unfrequently  in  this 
country  where  scaffolds  by  freshets,  ice  or  heavy  gales  of 
wind  are  thrown  in  the  river,  whereupon  the  iron  parts 
are  picked  up,  repaired  and  put  in  place. 


Similar  irregularities  have  happened  else- 
where and  were  noticed  because  of  the 
irregularities  caused  thereby  of  the  re- 
volving superstructure.  Of  single  span 
bridges  these  irregularities  are  hardly 
ever  noticed  from  the  reason  that  they 
do  not  influence  noticeably  the  value  of 
these  bridges. 

On  page  189  of  the  Transactions  of  the 
Society  Civil  Engineers  I  have  shown 
that  because  we  must  construct  continu- 
ous girders  shallower  than  single  spans 
the  deflections  of  both  designs  do  become 
equal.  Knowing  that  there  are  theorists 
so  filled  with  the  conscientiousness  of 
their  value  that  they  bring  arguments  in 
favor  of  continuous  bridges  on  the  score 
of  smaller  deflections,  involving  contempt 
for  the  common  sense  of  the  members  of 
the  profession,  I  have  expressly  stated 
that  there  would  be  no  interest  felt  for 
these  latter  designs  even  if  their  deflec- 
tions were  fifty  per  cent,  less  than  those 
of  single  spans. 

Also,  our  instructor's  authority,  the 
Professor  Winkler,  concurs  in  this  regard 
and  (page  5,  part  2)  "places  no  particu- 
lar importance  "  on  this  point.  Indeed 
there  is  not  the  slightest  want  for  reduc- 
tion of  deflections  of  our  bridges,  which 
are  fully  stiff  enough.  A  certain  elasticity, 
on  the  contrary,  might  be  not  undesir- 
able. But  considering  that  one  of  our 
theorists  could  take  up  this  irrelevant 
question  again,  in  No.  15  of  my  conclu- 
sions, I  have  repeated  that  there  is  no 
difference  in  the  deflections  of  properly 
designed  single  spans  as  compared  with 
those  of  continuous  bridges,  (these  de- 
flections being  calculated  by  the  imper- 
fect common  theory,  not  considering  the 
webs.)  But  our  instructor  remarks  that 
this  is  a  fact  known  to  every  schoolboy. 
Why,  then,  is  it  that  he  does  not  under- 
stand this  question  and  still  claims,  under 
No.  1,  as  an  advantage,  greater  stiffness 
for  continuous  bridges  ? 

Our  instructor  seems  to  have  no  proper 
definition  for  what  a  continuous  truss 
is.     This  is  the  definition  : 

A  continuous  truss  is  a  beam  which 
is  composed  of  more  than  one  span,  the 
reactions  of  the  piers  being  only  vertical 
and  the  strains  in  one  span  being  in- 
fluenced by  the  weights  on  the  others. 

Commonly,  where  no  distinction  is 
made,  by  "  continuous  girders "  are 
meant  those  without  hinges. 
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Continuous  girders  with  hinges  in 
alternate  spans  were  patented  by  Ger- 
ber  (in  Bavaria,  December,  1866,)  and 
they  were  invented  independently  •  by 
myself  early  in  186V  in  this  country, 
proof  of  which  fact  can  be  given  if  de- 
sired. Since  I  have  shown  that  I  do  not 
reject  the  theory  of  flexure  of  beams  if 
applied  where  it  can  be  applied,  I  do  not 
consider  it  worth  while  to  further  dwell 
on  the  author's  numerous  incorrect  state- 
ments, nor  on  the  erroneous  and  unscien- 
tific conclusions  therefrom  derived. 

I  only  will  still  show  that  he  makes 
another  fundamental  "  faux  pas "  in 
theory  on  page  158  of  the  August  num- 
ber of  the  magazine. 

I  shall  prove  that  : 

If  according  to  the  theory  the  properly 
calculated  deflections  of  continuous  gird- 
ers do  not  agree  with  the  actual  deflec- 
tions, this  is  an  indication  that  either  the 
theory  used  is  imperfect,  or  that  the 
manufacture  does  not  answer  the  sup- 
positions ;  at  all  events  that  the  strains 
are  not  those  for  which  the  members  of 
the  bridge  were  proportioned. 

Of  course  the  expression  of  properly 
calculated  deflections  means  that  at  least 
the  average  modulus  of  elasticity  of  the 
material  has  been  used  in  the  calculation. 

In  the  main  building  of  the  Phila- 
delphia Exhibition  the  North  Eastern 
R.  R.  of  Switzerland  has  laid  out  a  re- 
port on  their  bridges.* 


One  of  the  continuous  structures  of 
the  North  Eastern  R.  R.  (which  is  con- 
siderably heavier  than  we  build  equally 
strong  and  equally  long  single  spans)  is 
the  Ergolz  Bridge,  near  Augst,  consist- 
ing of  four  spans  of  100,  122,  122  and 
100  feet,  11'  2"  deep. 

The  test-load  of  this  bridge  consisted 
of  locomotives  2,667  pounds  per  foot. 
The  theoretical  maxima  deflections  (the 
moduli  I  learn  to  have  been  experiment- 
ed upon,  but  to  what  extent  is  not 
known)  were  : 

14,  19,  19  and  14  millimeters  (1   -  -h  ). 

The  actual  maxima  deflections  under 
strains  of  mean  velocity  were  : 


11,  10,  11,  12  millimeters. 


The  calculation  hence  was  out  of  the 
way  by  as  much  as  90  per  cent,  to,  in 
the  minimum,  17  per  cent.  If  all  actual 
deflections  had  been  less  in  the  same  pro- 
portion, the  result  might  have  been  at- 
tributed to  the  modulus  being  so  much 
larger  than  calculated  upon.  But  this 
supposition  is  here  inadmissible,  and  we 
must  under  any  circumstances  prove  our 
proposition  and  Mr.  Merriman's  error  on 
his  own  premises.  We  must  assume  the 
modulus  to  be  a  constant  value  in  the 
following  very  elementary,  algebraical 
deduction : 


*  This  official  report  is  interesting  in  many  ways.  One 
remark  thereof  is :  "  The  erection  of  ironwork  on  scaf- 
folds is  preferred  to  the  method  of  pushing  the  girders  over 
the  piers.  This  latter  method  never  is  allowed  without 
intermediate  temporary  supports,  and  without  reinforce- 
ment (Armirung)  of  the  girders." 

The  acknowledged  best  builder  in  Switzerland  always 
uses  false  works,  but  the  mentioned  French  works  push 
their  continuous  girders  over  the  piers.  However,  it  was 
observed  that  they  thereby  were  likely  to  furnish  second 
class  work,  and  it  happened  that  the  violence,  or  the 
undue  strains,  connected  with  this  method,  caused  rivet 
heads  to  fall  off. 

In  case  the  method  of  pushing  continuous  girders  over 
the  piers  is  not  to  be  used,  their  erection  becomes  more 
expensive  than  that  of  single  spans.  Not  only  that  these 
seaffolds  must  be  very  unyielding  and  substantial,  but  all 
spam  of  the  same  set  of  continuous  girders  must  be 


Let  ABC  represent  a  continuous 
bridge,  A  and  B,  &c,  represent- 
ing reactions  under  uniform  load 
on  one  or  more  spans. 

I  denotes  the  length  of  span  A  B. 

provided  with  false  works  at  the  same  time,  whereas,  in 
the  erection  of  single  spans,  only  a  scaffold  for  one  span 
is  used,  or  is  usually  used  repeatedly.  Also  the  risk,  by 
erecting  two  or  three  spans  at  the  same  time,  is  consider- 
ably increased.  The  economical  method  of  pushing 
girders  over  piers  in  a  few  rare  instances,  and  under 
proper  precautions  (I  learn  it  was  proposed  for  the  Ken- 
tucky River  Bridge,  Cin.  S.  R.  R.),  might  be  used  when 
the  girder?  finally  could  be  separated  again  by  establish- 
ing hinges  in  alternate  spans. 
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xx  denotes  an  abscissis  for  which  the 
theoretical  deflection  is  d,  and  this 

xx  denotes  an  abscissis  for  which  the 
actual  deflection  is  dx. 

A  denotes  the  theoretical  reaction  at 
A. 

Aj  denotes  the  actual  reaction  at  A. 

p  in  the  load  per  foot  on  A  B  being 

fully  loaded. 
E  is  the  assumed  constant  modulus  of 

elasticity. 
I  is  constant  moment  of  inertia  of  the 

bridge. 

We  have  the  well  known  equation  : 

EIdx=A-2-?-6    +   (instant  =  C) 
and 

E  Iy=g-  •  (x'-?x)-^  (x*-Fx) 

because  : 

for  x=l,  y=o,  and  C=-(a.  — £■ .  A 

We  now  can  calculate  the  deflection 
d  for  a  point  whose  abscissis=a;1. 
Theoretically  we  ought  to  get': 

but  practically  we  do  receive  : 

Xow  :  E,  I,  xlt  I  and  p  being  constant 
quantities,  A1  cannot  be  equal'  to  A,  be- 
cause d1  is  not  equal  to  d.  They  only 
could  become  equal  if  E  were  differ- 
ent from  what  it  has  been  supposed 
in  the  calculation.  This  supposition 
here  falls  away,  because  the  actual  de- 
flections of  the  Augst  Bridge  do  not  cor- 
respond proportionally  with  the  theoreti- 
cal ones.  Hence,  by  subtracting  the 
two  equations,  we  get  : 

in  words  : 

The  difference  of  actual  and  theoreti- 
cal deflection  would  be  proportional  to  the 
difference  of  actual  and  theoretical  reac- 
tion, provided  we  were  right  in  using 
the  theory  in  the  calculation  of  continu- 
ous trusses.     And  we  find  : 

4,=a+7Jlz*   6.e.i. 


The  actual  reaction  is  greater  than  the 
theoretical  reaction  by 

— p — =-  .  6  .  E  I,  or  consequently  ; 

The  actual  reaction  not  being  equal  to 
the  theoretical  one,  the  actual  strains  are 
not  the  theoreticcd  ones,  or  the  calculation 
of  theory  does  not  correspond  with  reali- 
ty. 

Whether  this  proves  incorrectness  of 
the  theory,  or  improper  execution,  is  not 
open  to  a  conclusion  from  the  mere  ex- 
perimental results  without  the  values  E 
and  I.  But  it  is  sufficient  to  know  that 
remarkable  differences  of  theory  qgid 
practice  do  exist,  and  may  be  expected 
again. 

That  the  ordinary  theory  is  imperfect, 
on  account  also  of  the  web  not  being 
considered  in  the  development  of  the  de- 
flections, has  been  proved  by  me,  and  it 
has  been  shown  that  this  abbreviation 
of  theory  may  lead  to  errors  as  large  as 
thirty-six  per  cent,  of  calculated  angles- 
of  deflection  (see  page  198  of  Transac- 
tions). The  above  investigation  may  be 
extended,  and  it  also  can  be  proved 
that,  founding  on  the  ordinary  theory  r 
the  difference  of  actual  and  calculated 
reactions  over  middle  pier  B  must  be 
proportional  to  the  difference  of  actual 
and  calculated  deflections,  but  if  A:>Ar 
there  must  be  B,  <  B. 

Our  instructor,  however,  makes  still 
another  entirely  untrue  statement,  name- 
ly, that  I  assert  that  the  actual  strains 
are  to  the  theoretical  ones  as  the  actual 
deflections  are  to  the  calculated  ones. 
He  must  also  correct  this  gross  mis- 
statement. Founding  thereon  he  had 
the  kindness  to  remark  : 

"This  (my  just  proved  mathematical 
conclusions)  we  can  only  regard  as  a 
striking  instance  of  the  incompetency  of 
practical  men  to  draw  conclusions  from 
even  simple  experiments." 

Quite  a  number  of  similar  assertions 
and  of  equal  value  can  be  found  in  the 
second   part  of   his   paper.*     There   he 


*  Some  of  these  assertions  and  mistakes  are  answered 
this  way :  ad.  4.  Our  instructor  has  not  yet  comprehend- 
ed that,  while  it  is  possible  to  build  single  span  bridges 
with  two  or  more  systems  of  diagonals,  each  independent 
of  the  other,  this  independence  cannot  be  obtained  at  all  in 
co.se  of  continuous  bridges  with  more  than  one  system  of 
webbing.  Consequently,  the  first  can  and  the  latter  can 
not  be  calculated. 

Ad.  6.  None  but  superficial  theorists  assert  that  the  cor- 
rect application  of  the  principle  of  continuity  is  not  an 
exceedingly  tedious  labor. 

Ad.  T.  Woehler'B  experiments  are  confirmed  by  Prof. 
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(September  edition  of  the  Magazine)  has 
quoted  in  part  my  conclusions  as  to  con- 
tinuous girders.  But  he  has  not  quoted 
them,  as  they  originally  are,  but  he  has 
cut  them  down,  has  distorted  and  ar- 
ranged the  same  in  such  a  manner  as  to 
frequently,  and  I  fear  intentionally,  hide 
their  entire  meaning. 

Those  readers  who  take  an  interest  in 
the  question  will  please  read  and  com- 
pare the  original,  when  they  will  find  to 
what  practice  this  gentleman  is  reduced 
towards  defending  a  compilation,  which 
is  intended  to  be  his  scientific  debut. 
Nor  will  I  repeat  the  algebraic  proof 
(s$e  my  paper),  that  also  his  conclusions 
(11  and  12)  as  regards  extra  strains  in 
continuous  girders  not  fitting  their  bed- 
plate heights,  or  in  case  one  chord  is  pro- 
tected from  the  heat  of  the  sun,  give 
another  testimony  of  his  immatured  un- 
derstanding of  even  the  principle  of  con- 
tinuity. Mere  common  sense  is  sufficient 
to  condemn  his  conclusions  on  these 
questions.  It  may  be  that  Mr.  Merriman 
has  been  a  very  industrious  Polytechnic 
student,  but  the  fact  is,  that  as  soon  as 
he  leaves  the  common  road,  paved  with 
the  myriad  of  books  and  articles  on  con- 
tinuity, from  which  he  simply  has  com- 
piled the  non-personal  part  of  his  paper, 
he  is  no  more  at  home,  he  having  proved 
himself  to  be  unprepared  to  make  inde- 
pendent analytical  investigations. 

In  order  to  be  prepared  to  recommend 
an  alleged  improvement,  or  to  introduce 
a  novel  design  from  one  country  into  an- 
other, it  is  necessary  to  first  learn  to  ap- 
preciate what  there  is,  to  see  the  good 
reasons  why  a  construction  is  used  in 
preference  of  another,  what  local  influ- 
ences, as  prices  of  skilled  or  unskilled  la- 
bor, of  the  several  classes  of  iron,  of 
wood,  masonry,  climate,  &c,  modify  the 
style  of  design.- 

Nor  is  the  theory  of  continuity  any- 
thing new  in  this  country.  The  inventor, 
Colonel  Long,  in  his  once  famous  book 
(edited  already,   1841)   has   treated  this 

Spangehberg,  of  Berlin,  but  having  been,  perhaps,  the 
most  thorough  experiments  ever  made,  and  having  occu- 
pied over  twelve  years'  time,  they  did  not  need  this  con- 
firmation. Also,  compare  Inspecting  Engineer  Muller's 
article  in  the  "  Zeitschrift  des  Ostreichischen  Ingenieur 
und  Architecten  Vereins,"  18T3. 

Ad.  8.  This  shows  the  poverty  of  the  instructor  in 
practical  matters,  and  needs  no  further  comment. 

Ad.  14.  I  have  compared  single  and  continuous  spans 
of  200  feet  for  the  same  details,  and  again  also  for  these 
details,  only  replacing  open  latticed  posts  by  Phoenix 
columns.  The  Dirschau  Bridge  consists  of  three  pair  of 
continuous  spans,  it  is  not  continuous  over  six  spans 
(see  "Heintzerling,"  page  273). 


question,  and  numbers  of  wooden  con- 
tinuous bridges  formerly  were  built  in 
this  country,  a  construction  which,  at 
that  time  and  for  this  material,  was 
noticeably  more  in  place  than  is,  to-day, 
the  recommendation  of  continuous  skele- 
ton structures  of  wrought-iron. 

Nor  must  the  young  instructor  think 
that  there  are  not  a  great  number  of  sci- 
entific men  connected  with  our  large 
bridge  firms,  who  long  ago  would  have 
introduced  wrought  -  iron  continuous 
bridges,  had  they  been  able  to  see  any 
economy  in  them.  Thus,  Mr.  Shaler 
Smith  has  told  me  (about  four  years 
ago)  that,  for  a  certain  great  proj- 
ect, he  has  made  careful  estimates  on 
500'  span  continuous  bridges,  but  that 
he  found  them  to  be  so  heavy  in  their 
webs  as  to  annihilate  their  advantages 
in  the  chords,  which  is  precisely  the  same 
conclusion  at  which  I  have  arrived. 
Hardly  anybody  can  appreciate  mathe- 
matical sciences  higher  than  myself,  but 
I  do  not  approve  of  their  abuse,  nor  do 
I  wish  to  underrate  practice.  It  is  a  fact 
that  arts  are  considerably  promoted  by 
harmonious  action  of  theory  and  prac- 
tice, but  so  that,  if  a  man  lacks  some- 
what in  one  of  these  elements,  it  is  less 
objectionable  if  the  deficiency  is  on  the 
theoretical  side. 

Continuous  girders  have  had  their 
legitimate  time,  and  this  time  was,  when 
large  plate  girders  were  built,  whose 
webs — being  sufficiently  strong  to  carry 
the  increased  strains  of  continuous  gird- 
ers— were  too  thin  already  to  suffer  a 
further  reduction  of  weight.  Any  saving 
in  the  chords  of  these  shallow  plate 
girders,  the  theory  being  accepted,  was 
so  much  gain. 

But  since  we  now  build  skeleton 
structures  of  which  we  can  almost  theo- 
retically adapt  the  web  members  to  their 
strains,  further,  since  we  have  better 
details  to  our  disposition  than  we  had 
at  the  time  when  the  once  justly  famous 
tubular  and  plate  girders  were  erected 
in  England  and  in  France,  and  especially 
as  it  is  scie?itifically  wrong  to  apply  the 
ordinary  theory  of  solid  homogeneous 
beams  to  the  compound  designs  of 
skeleton  structures  of  great  depth ;  the 
reasons  for,  erecting  continuous  girders 
have  vanished,  they  being  neither  econ- 
omical nor  scientific. 

Actually,  American   practical  bridge 
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building  of  good  firms  is  the  most  scien- 
tific in  the  world,  and  is  ahead  of  the 
speculations  of  purely  mathematical 
theorists.  It  can  dispense  with  advice 
from  this  party ;  for  by  development 
and  invention  of  much  stronger  and 
much  more  economical  details  and  con- 
nections they  have  brought  the  actual 
quantities  very  near  to  the  theoretical 
ones,  whereby  they  have  been  able  to 
build  correctly  executed  deep  trusses 
without  almost  incurring  any  loss  of  ma- 
terial at  the  ends  of  the  chords  or  in  the 
centers  of  the  webs. 

Improvements  in  bridge-building  are 
aimed  at  by  me  as  well  as  by  any  bridge 
engineer,  and  these  improvements  must 


be  suggested  by  the  results  of  experi- 
ments furnishing  new  physical  and  new 
practical  data  from  which  to  derive  new 
deductions.  Further  mathematical  de- 
ductions from  old  experiments,  according 
to  my  opinion,  having  ceased  or  having 
nearly  ceased  to  be  valuable  to  bridge 
building,  we  need  now  experiments  on 
the  proper  proportions  and  strength  of 
eye  bars  of  different  makes,  of  compres- 
sion members,  beams,  pins,  rivets,  &c, 
and  their  connections,  and  more  espe- 
cially we  much  need  exact  figures  on  the 
durability  of  these  elements  and  of  their 
combinations  by  testing  them  under  re- 
peated strains  such  as  are  sustained  by 
our  structures  every  day. 


ON  AN  INTEGRATING  MACHINE  HAYING  A  NEW 
KINEMATIC  PRINCIPLE. 

By  Professok  JAMES  THOMSON,  LL.D.,  F.K.S.E. 

Proceedings  of  the  Royal  Society. 


The  kinematic  principle  for  integrat- 
ing ydx,  which  is  used  in  the  instru- 
ments well  known  as  Morin's  Dynamom- 
eter* and  Sang's  Planimeter,  admirable 
as  it  is  in  many  respects,  involves  one 
element  of  imperfection  which  cannot 
but  prevent  our  contemplating  it  with 
full  satisfaction.  This  imperfection  con- 
sists in  the  sliding  action  which  the  edge 
wheel  or  roller  is  required  to  take  in 
conjunction  with  its  rolling  action,  which 
alone  is  desirable  for  exact  communica- 
tion of  motion  from  the  disk  or  cone  to 
the  edge  roller. 

The  very  ingenious,  simple,  and  prac- 
tically useful  instrument  well  known  as 
Amsler's  Polar  Planimeter,  although  dif- 
ferent in  its  main  features  of  principle 
and  mode  of  action  from  the  instruments 
just  referred  to,  ranks  along  with  them 
in  involving  the  like  imperfection  of  re- 


*  Instruments  of  this  kind,  and  any  others  for  measur- 
ing mechanical  work,  may  better  in  future  be  called 
Ergometers  than  Dynamometers.  The  name  "  dyna- 
mometer "  has  been  and  continues  to  be  in  common  use 
for  signifying  a  spring  instrument  for  measuring  force ; 
but  an  instrument  for  measuring  work,  being  distinct  in 
its  nature  and  object,  ought  to  have  a  different  and  more 
suitable  designation.  The  name  "dynamometer,"  be- 
sides, appears  to  be  badly  formed  from  the  Greek,  and 
for  designating  an  instrument  for  measurement  of  force, 
I  would  suggest  that  the  name  may  with  a  dvantage  be 
changed  to  dynamimeter. 


quiring  to  have  a  sidewise  sliding  action 
of  its  edge  rolling  wheel,  besides  the 
desirable  rolling  action  on  the  surface 
which  imparts  to  it  its  revolving  motion 
— a  surface  which  in  this  case  is  not  a 
disk  or  cone,  but  is  the  surface  of  the 
paper,  or  any  other  plane  face,  on  which 
the  map  or  other  plane  diagram  to  be 
evaluated  in  area  is  drawn. 

Professor  J.  Clerk  Maxwell,  having 
seen  Sang's  Planimeter  in  the  Great  Ex- 
hibition of  1851,  and  having  become 
convinced  that  the  combination  of  slip- 
ping and  rolling  was  a  drawback  on  the 
perfection  of  the  instrument,  began  to 
search  for  some  arrangement  by  which 
the  motion  should  be  that  of  perfect 
rolling  in  every  action  of  the  instrument, 
corresponding  to  that  of  combined  slip- 
ping and  rolling  in  previous  instruments. 
He  succeeded  in  devising  a  new  form  of 
planimeter  or  integrating  machine  with 
a  quite  new  and  very  beautiful  principle 
of  kinematic  action  depending  on  the 
mutual  rolling  of  two  equal  spheres, 
each  on  the  other.  He  described  this  in 
a  paper  submitted  to  the  Royal  Scottish 
Society  of  Arts  in  January,  1855,  which 
is  published  in  vol.  iv.  of  the  Transac- 
tions of  that  Society.     In  that  paper  he 
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also  offered  a  suggestion,  which  appears 
to  be  both  interesting  and  important, 
proposing  the  attainment  of  the  desired 
conditions  of  action  by  the  mutual  roll- 
ing of  a  cone  and  cylinder  with  their 
axes  at  right  angles. 

The  idea  of  using  pure  rolling  instead 
of  combined  rolling  and  slipping  was 
communicated  to  me  by  Professor  Max- 
well, when  I  had  the  pleasure  of  learn- 
ing from  himself  some  particulars  as  to 
the  nature  of  his  contrivance.  After- 
wards (some  time  between  the  years 
1861  and  1864),  while  endeavoring  to 
contrive  means  for  the  attainment  in 
meteorological  observatories  of  certain  in- 
tegrations in  respect  to  the  motions  of  the 
wind,  and  also  in  endeavoring  to  devise 
a  planimeter  more  satisfactory  in  princi- 
ple than  either  Sang's  or  Amsler's  plani- 
meter (even  though,  on  grounds  of  prac- 
tical simplicity  and  convenience,  unlikely 
to  turn  out  preferable  to  Amsler's  in 
ordinary  cases  of  taking  areas  from  maps 
or  other  diagrams,  but  something  that  I 
hoped  might  possibly  be  attainable 
which,  while  having  the  merit  of  work- 
ing by  pure  rolling  contact,  might  be 
simpler  than  the  instrument  of  Professor 
Maxwell  and  preferable  to  it  in  mechan- 
ism), I  succeeded  in  devising  for  the 
desired  object  a  new  kinematic  method, 
which  has  ever  since  appeared  to  me 
likely  sometime  to  prove  valuable  when 
occasion  for  its  employment  might  be 
found.  Now,  within  the  last  few  days, 
this  principle,  on  being  suggested  to  my 
brother  as  perhaps  capable  of  being  use- 
fully employed  towards  the  development 
of  tide-calculating  machines  which  he 
had  been  devising,  has  been  found  by 
him  to  be  capable  of  being  introduced 
and  combined  in  several  ways  to  produce 
important  results.  On  his  advice,  there- 
fore, I  now  offer  to  the  Royal  Society  a 
brief  description  of  the  new  principle  as 
devised  by  me. 

The  new  principle  consists  primarily 
in  the  transmission  of  motion  from  a 
disk  or  cone  to  a  cylinder  by  the  inter- 
vention of  a  loose  ball,  which  presses  by 
its  gravity  on  the  disk  and  cylinder,  or 
on  the  cone  and  cylinder,  as  the  case  may 
be,  the  pressure  being  sufficient  to  give 
the  necessary  frictional  coherence  at  each 
point  of  rolling  contact;  and  the  axis  of 
the  disk  or  cone  and  that  of  the  cylinder 
being  both  held  fixed  in  position  by  bear- 


ings in  stationary  framework,  and  the 
arrangement  of  these  axes  being  such 
that  when  the  disk  or  the  cone  and  the 
cylinder  are  kept  steady,  or,  in  other 
words,  without  rotation  on  their  axes, 
the  ball  can  roll  along  them  in  contact 
with  both,  so  that  the  point  of  rolling 
contact  between  the  ball  and  the  cylin- 
der shall  traverse  a  straight  line  on  the 
cylindric  surface  parallel  necessarily  to 
the  axis  of  the  cylinder — and  so  that, 
in  the  case  of  a  disk  being  used,  the 
point  of  rolling  contact  of  the  ball  with 
the  disk  shall  traverse  a  straight  line 
passing  through  the  center  of  the 
disk — or  that,  in  case  of  a  cone  being- 
used,  the  line  of  rolling  contact  of  the 
ball  on  the  cone  shall  traverse  a  straight 
line  on  the  conical  surface,  directed 
necessarily  towards  the  vertex  of  the 
cone.  It  will  thus  readily  be  seen  that, 
whether  the  cylinder  and  the  disk  or  cone 
be  at  rest  or  revolving  on  their  axes,  the 
two  lines  of  rolling  contact  of  the  ball, 
one  on  the  cylindric  surface  and  the 
other  on  the  disk  or  cone,  when  both 
considered  as  lines  traced  out  in  space 
fixed  relatively  to  the  framing  of  the 
whole  instrument,  will  be  two  parallel 
straight  lines,  and  that  the  line  of  motion 
of  the  ball's  center  will  be  straight  and 
parallel  to  them.  For  facilitating  ex- 
planations, the  motion  of  the  center  of 
the  ball  along  its  path  parallel  to  the 
axis  of  the  cylinder  may  be  called  the 
ball's  longitudinal  motion. 

Now  for  the  integration  of  ydx  :  the 
distance  of  the  point  of  contact  of  the 
ball  with  the  disk  or  cone  from  the  cen- 
ter of  the  disk  or  vertex  of  the  cone  in 
the  ball's  longitudinal  motion  is  to  rep- 
resent y,  while  the  angular  space  turned 
by  the  disk  or  cone  from  any  initial  po- 
sition represents  x  ;  and  then  the  angu- 
lar space  turned  by  the  cylinder  will, 
when  multiplied  by  a  suitable  constant 
numerical  coefficient,  express  the  inte- 
gral in  terms  of  any  required  unit  for  its 
evaluation. 

The  longitudinal  motion  may  be  im- 
parted to  the  ball  by  having  the  framing 
of  the  whole  instrument  so  placed  that 
the  lines  of  longitudinal  motion  of  the 
two  points  of  contact  and  of  the  ball's 
center,  which  are  three  straight  lines 
mutually  parallel,  shall  be  inclined  to 
the  horizontal  sufficiently  to  make  the 
ball  tend  decidedly  to  descend  along  the 
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line  of  its  longitudinal  motion,  and  then 
regulating  its  motion  by  an  abutting 
controller,  which  may  have  at  its  point 
of  contact,  where  it  presses  on  the  ball, 
a  plane  face  perpendicular  to  the  line  of 
the  ball's  motion.  Otherwise  the  longi- 
tudinal motion  may,  for  some  cases, 
preferably  be  imparted  to  the  ball  by 
having  the  direction  of  that  motion  hori- 
zontal, and  having  two  controlling  flat 
faces  acting  in  close  contact  without 
tightness  at  opposite  extremities  of  the 
ball's  diameter,  which  at  any  moment  is 
in  the  line  of  the  ball's  motion  or  is  par- 
allel to  the  axis  of  the  cylinder. 

It  is  worthy  of  notice  that,  in  the  case 
of  the  disk,  ball,  and  cylinder  integrator, 
no  theoretical  nor  important  practical 
fault  in  the  action  of  the  instrument 
would  be  involved  in  any  deficiency  of 
perfect  exactitude  in  the  practical  accom- 
plishment of  the  desired  condition  that 
the  line  of  motion  of  the  ball's  point  of 
contact  with  the  disk  should  pass  through 
the  center  of  the  disk.  The  reason  of 
this  will  be  obvious  enough  on  a  little 
consideration. 


The  plane  of  the  disk  may  suitably  be 
placed  inclined  to  the  horizontal  at  some 
such  angle  as  45° ;  and  the  accompany- 
ing sketch,  together  with  the  model, 
which  will  be  submitted  to  the  Society 
by  my  brother,  will  aid  towards  the 
clear  understanding  of  the  explanations 
which  have  been  given. 

My  brothei\has  pointed  out  to  me  that 
an  additional  operation,  important  for 
some  purposes,  may  be  effected  by  ar- 
ranging that  the  machine  shall  give  a 
continuous  record  of  the  growth  of  the 
integral  by  introducing  additional  me- 
chanism suitable  for  continually  describ- 
ing a  curve  such  that  for  each  point  of 
it  the  abscissa  shall  represent  the  value 
of  x,  and  the  ordinate  shall  represent  the 
integral  attained  from  x—0  forward  to 
that  value  of  x.  This,  he  has  pointed 
out,  may  be  effected  in  practice  by 
having  a  cylinder  axized  on  the  axis  of 
the  disk,  a  roll  of  paper  covering  this 
cylinder's  surface,  and  a  straight  bar 
situated  parallel  to  this  cylinder's  axis 
and  resting  with  enough  of  pressure  on 
the  surface  of  the  primary  registering  or 
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D,  the  Disk. 

A,  the  Axle  of  the  Disk. 
C,  the  Cylinder. 

E  E,  the  Axle  or  the  Journals 
of  the  Cylinders. 

B,  the  Ball. 


PLAN. 


the  indicating  cylinder  (the  one,  namely, 
which  is  actuated  by  its  contact  with  the 
ball)  to  make  it  have  sufficient  fractional 
coherence  with  that  surface,  and  by  hav- 
ing this  bar  made  to  carry  a  pencil  or 
other  tracing  point  which  will  mark  the 
desired  curve  on  the  secondary  register- 


ing or  the  recording  cylinder.  As,  from 
the  nature  of  the  apparatus,  the  axis  of 
the  disk  and  of  the  secondary  registering 
or  the  recording  cylinder  ought  to  be 
steeply  inclined  to  the  horizontal,  and 
as,  therefore,  this  bar,  carrying  the  pen- 
cil, would  have  the  line  of  its  length  and 
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of  its  motion  alike  steeply  inclined  with 
that  axis,  it  seems  that,  to  carry  out  this 
idea,  it  may  be  advisable  to  have  a 
thread  attached  to  the  bar  and  extending 
off  in  the  line  of  the  bar  to  a  pulley, 
passing  over  the  pulley,  and  having  sus- 
pended at  its  other  end  a  weight  which 
will  be  just  sufficient  to  counteract  the 
tendency  of  the  rod,  in  virtue  of  gravity, 
to  glide  down  along  the  line  of  its  own 
slope,  so  as  to  leave  it  perfectly  free  to 
be  moved  up  or  down  by  the  frictional 
coherence  between  itself  and  the  moving 
surface  of  the  indicating  cylinder  worked 
directly  by  the  ball. 


A  Process  for  Permanently  Pre- 
serving Iron  from  Rust  (or  Oxyda- 
tion). 

Dr.  Wm.  H.  Sterling  is  making  known 
his  system  for  preserving  the  entire 
structure  of  iron. 

He  says  : 

"  The  nature  of  my  invention  consists 
in  the  impregnation  and  saturation  of  the 
structure  of  the  metal,  iron,  with  a  non- 
oxydizing  or  ^ow-oxydisable  substance  or 
substances,  by  means  of  forcing  these 
?wm-oxydizing  or  ncw-oxy  disable  sub- 
stances into  the  intercellular  or  inter- 
stitial spaces  of  the  metal  by  suitable 
pressure,  while  the  iron  is  in  a  properly 
heated  and  expanded  condition,  induced 
by  heating  the  iron  in  a  vacuum,  or  in 
a  simple  chamber,  as  hereinafter  de- 
scribed." 

As  the  invention  is  capable  of  being 
variously  mechanically  applied,  as  the 
different  forms  of  iron  articles  to  be  pre- 
served, and  the  non-oxydisable  sub- 
stances used  may  require,  it  is  not  nec- 
essary to  describe  all  of  the  various 
mechanical  means  which  can  be  used  in 
its  application  ;  he  therefore  gives  only 
one  of  the  methods  by  which  his  inven- 
tion may  be  applied,  and  which  he  recom- 
mends as  being  eminently  practical  and 
useful : 

"A  vessel  of  iron,  or  any  suitable 
material  of  sufficient  strength,  is  made  in 
the  form  and  size  best  adapted  to  the 
shape  and  dimensions  of  the  iron  article 
to  be  treated,  with  the  lid  so  constructed 


that  the  vessel  may  be  closed  hermeti- 
cally, and  at  the  bottom  suitable  pipes 
are  arranged  for  conveying  steam  and 
water,  alternately,  for  the  purpose  of 
heating  and  cooling  the  interior,  as 
hereinafter   described." 

Suitably  connected  with  this  vessel  is 
a  power  pump  or  forcing  apparatus  for 
producing  the  necessary  pressure,  also 
the  proper  appliances  for  obtaining  a 
vacuum. 

The  iron  to  be  treated  is  now  heated 
to  the  desired  temperature,  as  herein- 
after stated,  and  placed  into  the  above 
vessel,  the  top  closed  hermetically,  and 
dry  or  superheated  steam  turned  into 
the  above-described  pipes  at  the  bottom, 
to  keep  the  metal  at  the  required  tem- 
perature ;  also,  at  the  same  time,  an  at- 
mospheric vacuum  is  produced  by  an  or- 
dinary air-pump  connected  with  the 
chamber  ;  the  proper  quantity,  sufficient 
to  fill  the  vessel,  of  pure  paraffine  or  par- 
affine  in  solution  with  one  of  the  pure 
heavy  mineral  oils,  having  been  also  pre- 
viously heated  to  the  required  tempera- 
ture, is  now  let  into  this  chamber  and 
forced,  under  the  proper  pressure  from 
the  forcing  pump,  into  the  intercellular 
or  interstitial  spaces  of  the  iron,  those 
spaces  having  so  greatly  enlarged  by  the 
expansion  of  the  metal  from  the  heat 
and  removal  of  the  atmospheric  pressure 
as  to  most  readily  admit  the  subtle, 
penetrating  rco^-oxydizable  hydro-car- 
bon preservative  in  sufficient  quantity  to 
for  ever  after  protect  the  entire  struc- 
ture of  the  iron  from  oxydation  or 
rust  by  any  of  the  ordinary  corrosive 
or  oxydizing  elements.  When  the  iron 
has  remained  under  this  liquid  press- 
ure a  sufficient  time,  it  is  gradually 
cooled  by  turning  cold  water  instead  of 
steam  into  the  pipes,  the  pressure 
being  kept  up,  however,  until  the  iron 
is  cool. 

Certain  qualities  of  iron  may  be 
treated  without  the  atmospheric  vacuum, 
but  as  the  iron  expands  very  much  more 
aud  greater  pressure  is  obtainable  by  its 
employment,  and  the  additional  cost  not 
to  be  considered,  he  recommends  its  use 
as  most  desirable. 

We  do  not  know  to  what  extent  the 
value  of  the  process  has  been  proved  by 
time. 
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ON  THE  AMALGAMATION  OF  IRON  AND  OF  SOME  OTHER 

METALS.* 
Bt  p.  casamajor 

From  "  Journal  of  the  Society  of  Arts." 


At  the  last  meeting  of  this  Society  I 
was  to  speak  to  you  on  amalgamation  of 
iron,  but  was  prevented  by  the  lateness 
of  the  hour  from  reading  the  paper  I 
had  ready  for  you.  Since  that  evening 
I  have  learned  a  great  many  things  about 
iron  amalgam,  one  of  which  is,  that  most 
of  the  processes  that  I  was  to  describe 
had  already  been  published,  although  in 
a  very  succinct  form,  about  nineteen 
years  ago.  This  discovery  would  have 
prevented  me  from  appearing  before  you 
to-night  if  I  had  not  found  that  the  sub- 
ject is  deemed  by  chemists,  to  whom  I 
have  shown  samples  of  amalgamated 
iron,  to  be  not  only  new,  but  very  inter- 
esting. I  have,  besides,-  much  new  mat- 
ter to  communicate,  among  which  is  a 
new  process  for  amalgamating  iron, 
which  is  so  simple  and  economical  that 
all  the  other  processes  are  rendered  ob- 
solete and  useless. 

That  iron  will  combine  with  mercury 
is  known  to  all  chemists,  although  it  is 
not  deemed  an  easy  operation,  and  we 
may  find  in  the  books  several  processes 
for  accomplishing  the  combination.  One 
of  these,  which  I  believe  is  due  to  Sir 
Humphry  Davy,  consists  in  immersing 
sodium  amalgam  in  a  saturated  solution 
of  ferrous  chloride  or  sulphate.  In 
another  process,  zinc  amalgam  is  brought 
in  contact  with  iron  filings,  in  presence 
of  a  solution  of  ferric  chloride.  The  fi- 
lings become  coated  with  mercury.  In 
still  another  process,  the  electrolysis  of 
ferrous  sulphate  gives  iron  amalgam 
when  the  negative  electrode  is  formed  of 
mercury.  By  subjecting  the  resulting 
amalgam  to  enormous  pressures  a  resi- 
duum of  pretty  firm  consistency  is  ob- 
tained, which  is  composed  of  about 
equal  parts  of  iron  and  mercury. 

The  processes  of  amalgamation  which 
I  am  to  describe  to  you  this  evening,  give 
products  which  have  nothing  in  common 
with  these  iron  amalgams.  The  samples 
of  iron  amalgam,   such   as  I  have  here, 

'  Read  before  the  American  Chemical  Society. 
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are  obtained  from  commercial  wrought- 
iron,  from  cast-iron,  and  from  steel,  with- 
out altering  the  original  shape  of  the  ma- 
terial, and  are  analagous  to  the  amalgam 
made  from  commercial  zinc  which  we 
use  in  voltaic  batteries. 

Before  giving  you  the  results  $>f  my 
labors,  I  must  give  you  a  succinct  ac- 
count of  the  researches  of  Cailletet, 
which  came  to  my  knowledge  as  fol- 
lows:— Before  presenting  myself  before 
you  at  the  regular  meeting,  it  had  been 
my  endeavor  to  ascertain  whether  the 
results  I  was  to  announce  were  really 
new.  Neither  by  my  own  exertions  nor 
by  inquiry  from  other  chemists  had  I 
been  able  to  discover  that  I  had  been 
forestalled,  and  had  I  confined  my  atten- 
tion to  iron,  I  would  not  have  been  aware 
— perhaps  even  now — of  the  existence  of 
a  prior  claimant. 

Having  turned  my  attention  to  alumin- 
ium, I  had  occasion  to  consult  Watts's 
"  Dictionary  of  Chemistry,"  on  the  sub- 
ject of  aluminium  amalgam,  and  came 
upon  the  following: — "According  to 
Cailletet  (Comptes  liendus,  vol.  xliv.,  p. 
1250)  aluminium  (also  iron  and  platinum) 
may  be  superficially  amalgamated  by 
contact  with  ammonium  or  sodium  amal- 
gam and  water;  also  when  it  is  immersed 
in  acidulated  water  in  contact  with  me- 
tallic mercury,  forming  the  negative  elec- 
trode of  a  voltaic  battery." 

On  consulting  the  44th  volume  of  the 
Comptes  Hetidus,  I  found,  at  p.  1250,  a 
memoir  presented  to  the  Academy  of 
Sciences  by  Messrs.  Chevreul  and  Dumas, 
at  the  sitting  of  June  15th,  1857,  the 
title  of  which  is  "  On  the  Influence  of 
Nascent  Hydrogen  on  Amalgamation," 
by  M.  L.  Cailletet.  The  author  uses  am- 
monium amalgam,  with  which  he  agitates 
pieces  of  iron,  aluminium,  or  platinum, 
and  he  finds  that  these  metals  become 
coated  with  mercury.  The  amalgam  of 
sodium  produces  the  same  effect,  only 
water  is  necessary  to  the  reaction.  If 
the  surface  of  the  sodium  amalgam  is 
covered   with    naptha   no    action    takes 
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place,  but  one  drop  of  water  is  sufficient 
to  produce  the  desired  effect. 

If  in  a  vessel  containing  mercury  and 
acidulated  water,  we  place  the  electrodes 
of  a  battery,  and  if  the  negative  electrode 
be  a  piece  of  sheet  iron  in  contact  with 
mercury,  the  iron  will  be  amalgamated 
as  soon  as  hydrogen  appears  on  this  elec- 
trode. 

From  these  experiments  Cailletet  con- 
cludes that  amalgamation  in  these  cases 
is  due  to  nascent  hydrogen,  and  he  seems 
throughout  his  memoir  to  be  so  intent 
upon  proving  this  point,  that  every  other 
circumstance  is  mentioned  in  the  most 
cursory  manner.  We  may  be  allowed  to 
doubt  whether  by  covering  sodium  amal- 
gam with  naphtha,  so  that  when  iron 
comes  in  contact  with  the  amalgam  it  is 
already  covered  with  a  film  of  naphtha, we 
have  placed  the  iron  in  the  best  condition 
to  combine  it  with  mercury,  and  whether 
the  non-combination  under  these  circum- 
stances is  very  conclusive  of  the  necessity 
of  nascent  hydrogen  to  determine  the 
combination  between  iron  and  mercury. 

The  following  experiment  with  a  mer- 
curic salt  carries  more  weight  with  it: — 
The  author  wishes  to  show  that  amalga- 
mation, in  the  case  of  iron  and  platinum, 
is  due  to  nascent  hydrogen,  and  not  to 
the  electrical  condition  of  the  iron  or 
platinum  electrode.  He  takes  the  case 
of  the  electrolysis  of  salts  of  copper, 
silver,  and  mercury,  and  recalls  that  at 
the  negative  electrode  we  obtain  metallic 
copper,  silver,  and  mercury,  but  no  hy- 
drogen. If  we  have  a  salt  of  mercury 
subjected  to  a  voltaic  current,  the  nega- 
tive electrode  being  made  of  iron  or 
platinum,  we  may  notice,  after  a  while, 
that  globules  of  mercury  appear  on  this 
electrode,  but  they  show  no  tendency  to 
combine  with  it.  If,  now,  the  electrodes 
are  withdrawn  from  the  mercury  salt, 
and  placed  in  a  vessel  holding  acidulated 
water,  as  soon  as  the  voltaic  current  pas- 
ses and  hydrogen  escapes  at  the  nega- 
tive electrode,  the  globules  of  mercury 
spread  on  this  electrode,  and  it  becomes 
amalgamated. 

The  above  account  of  the  memoir  pre- 
sented by  Cailletet,  contains  substanti- 
ally everything  there  is  in  it.  The  cir- 
cumstances mentioned  in  " "Watts's  Dic- 
tionary "  that  the  amalgamation  obtained 
on  iron  and  platinum  is  merely  superfi- 


cial, does  not  appear,  even  by  implica- 
tion, in  the  original  paper. 

Amalgam  of  sodium  and  ammonium, 
and  the  voltaic  battery,  these  are  the 
agents  mentioned  by  Cailletet;  these 
were  also  the  agents  that  I  used  a  month 
ago  to  determine  the  combination  of 
iron  with  mercury.  Although  I  now 
use  a  much  simpler  and  a  cheaper  pro- 
cess, which  I  propose  to  describe  in  a 
few  minutes,  there  are  some  points  in 
connection  with  alkaline  amalgams  and 
with  the  action  of  the  voltaic  current 
which  may  be  studied  with  advantage. 

Amalgam  of  potassium,  which  I  first 
used  for  amalgamating  iron,  behaves  in 
every  way  like  amalgam  of  sodium.  So- 
dium, however,  behaves  somewhat  differ- 
ently from  potassium  towards  mercury, 
the  combination  with  sodium  taking 
place  with  greater  violence,  being  accom- 
panied by  a  flash  of  sodium  light,  and  the 
escape  of  alkaline  vapors  which  are  far 
from  agreeable.  These  unpleasant  man- 
ifestations may  be  reduced  to  a  minimum 
by  combining  sodium  at  first  with  a  very 
small  quantity  of  mercury — a  quantity 
not  more  than  a  fifth  of  the  weight  of 
the  sodium.  This  gives  rise  to  a  violent 
reaction,  but  subsequent  additions  of 
mercury  produce  less  and  less  effect, 
while,  by  bringing  small  pieces  of  so- 
dium successively  into  a  comparatively 
large  mass  of  mercury,  every  fresh  piece 
of  sodium  produces  the  same  effect  as 
its  predecessor. 

If  the  sodium  amalgam  has  sodium 
enough  in  it  to  make  it  pasty,  it  will 
cover  iron  with  a  silvery  coat.  This 
coat  may  be  rubbed  off,  leaving  the  ox- 
idised surface  unaltered.  If  brought  in 
contact  with  water,  or,  still  better,  with 
a  solution  of  sal-ammoniac,  the  sodium 
amalgam  is  decomposed  and  the  mercury 
will  sink  into  the  iron.  If  the  sodium 
amalgam  is  liquid  it  will  adhere  in  little 
drops  all  over  the  surface  of  a  piece  of 
iron  shaken  up  in  it;  by  the  action  of 
water,  of  acids,  or  of  sal-ammoniac,  the 
droplets  will  spread  on  the  iron,  which 
will  become  amalgamated. 

Ammonium  amalgam  will  give  up  its 
mercury  to  iron  when  rubbed  with  it 
very  persistently.  Even  then  there  are 
in  every  piece  of  iron  certain  spots  where 
the  mercury  will  not  adhere.  The  inter- 
vention of  acidulated  water,  by  decom- 
posing ammonium  amalgam  with  great 
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energy,  facilitates  the  amalgamation   of 
iron  in  these  difficult  portions. 

From  the  foregoing  remarks  you  will 
understand  that  the  maximum  of  good 
effect  may  be  obtained  from  a  certain 
amount  of  sodium,  by  the  following 
method  of  procedure,  while  the  combi- 
nation of  iron  with  mercury  is  very 
thorough  and  rapid: — We  take  four  por- 
celain dishes  and  place  them  in  a  row,  so 
that  the  piece  of  iron  to  be  amalgamated 
may  be  placed  successively  in  each.  The 
first  dish  contains  a  liquid  sodium  amal- 
gam; the  second  a  solution  of  sal-am- 
moniac ;  the  third  water,  acidulated 
with  either  sulphuric  or  hydrochloric 
acid;  and  the  fourth  aqueduct  water. 
The  piece  of  iron  to  be  amalgamated  is 
taken  up  with  tongs,  and  agitated  in  con- 
tact with  the  sodium  amalgam  of  the 
first  dish.  The  operation  covers  it  with 
liquid  mercury  containing  sodium  amal- 
gam. When  the  surface  seems  suffi- 
ciently coated,  the  iron  is  left  for  a  few 
seconds  in  the  solution  of  sal-ammoniac, 
on  emerging  from  which,  it  is  found  cov- 
ered with  the  curious  and  interesting 
*  compound  which  we  call  ammonium 
amalgam.  The  piece  of  iron  is  placed 
next  in  the  acidulated  water,  and  finally 
in  aqueduct  water,  to  wash  off  the  acid. 

This  series  of  operations  is  generally 
sufficient  to  leave  a  good  coat  of  mer- 
cury on  a  piece  of  iron.  If  there  should 
be  spots  left  bare,  a  second  series  of  im- 
mersions is  generally  sufficient  to  leave 
the  surface  perfectly  covered.  I  need 
not  say  that  the  surface  of  the  iron  must 
be  previously  made  clean  by  immersion 
in  diluted  acid. 

By  making  the  negative  electrode  of 
a  voltaic  battery  of  iron,  and  placing  it 
in  contact  with  mercury  and  with  acidu- 
lated water,  the  iron  will,  after  a  time, 
become  amalgamated.  I  have  obtained 
the  same  result  by  a  single  voltaic  ele- 
ment, the  positive  plate  of  which  is  a 
piece  of  zinc,  and  the  negative  plate  a 
piece  of  iron,  one  portion  of  which  is  in 
contact  with  mercury  at  the  bottom  of 
the  cup,  the  exciting  fluid  being  acidu- 
lated water.  An  addition  of  chloride  of 
sodium  to  the  liquid  in  the  cup  seems  to 
hasten  the  reaction. 

Iron  may  be  amalgamated  also,  by  the 
use  of  zinc  amalgam.  This  process  gives 
the  best  results,  and  renders  superfluous 
all  the  other  processes   we  have   men- 


tioned. The  use  of  zinc  amalgam  for 
the  purpose  had  been  attempted  before, 
as  for  instance,  in  the  process  I  have 
mentioned,  where  iron  filings  are  rubbed 
with  zinc  amalgam  in  presence  of  a  solu- 
tion of  ferric  chloride,  the  reaction  being 
assisted  by  heat.  I  also  find  in  "  Watts's 
Dictionary  "  that,  "  according  to  Aikin, 
iron  amalgam  is  formed  by  the  action  of 
zinc  amalgam  on  ferrous  chloride. "  No 
particulars  are  given  about  this  process, 
but  the  results  must  have  been,  to  say 
the  least,  difficult  to  obtain,  as  we  find, 
immediatey  after  that,  "  according  to 
Damour,  it  cannot  be  obtained  in  this 
way." 

I  came  upon  the  process  I  am  about  to 
describe,  by  a  mere  chance.  I  was  try- 
ing to  test  the  soundness  of  the  theory 
of  Cailletet,  which  attributes  the  amal- 
gamation of  iron  to  the  presence  of  nas- 
cent hydrogen.  In  a  beaker  glass  I  had 
placed  mercury,  and  over  it  acidulated 
water,  and  also  a  horse  shoe  nail  of  Nor- 
way iron,  which  rested  on  the  mercury. 
A  moderate  escape  of  hydrogen  took 
place  from  the  surface  of  the  iron  nail; 
but  after  twenty-four  hours  no  trace  of 
amalgamation  had  appeared,  which 
showed  very  conclusively  that  unassisted 
nascent  hydrogen  was  certainly  not  suffi- 
cient to  do  the  work.  Having  to  amal- 
gamate a  small  piece  of  zinc  for  another 
experiment,  I.found  that  I  had  no  other 
mercury  within  my  reach  than  the  one 
on  which  the  nail  of  Norway  iron  rested. 
As  I  had  given  up  hopes  of  accomplishing 
anything  by  this  arrangement,  I  had  no 
scruples  to  use  the  mercury  in  this 
beaker  glass,  and  in  it  I  placed  my  piece 
of  zinc;  the  result  was  that  the  escape 
of  hydrogen  from  the  nail  increased  very 
perceptibly,  which  circumstance  induced 
me  to  leave  the  zinc  in  the  mercury. 
On  looking  again  at  the  iron  nail  I  found 
it  amalgamated  and  partly  sunk  into 
the  mercury. 

To  amalgate  iron  with  zinc  amalgam, 
mercury  should  be  placed  in  a  vessel  and 
covered  with  dilute  sulphuric  or  hydro- 
chloric acid.  If,  now,  a  piece  of  iron  is 
agitated  in  contact  with  the  mercury  and 
the  acid,  no  combination  will  take  place ; 
but  if  pieces  of  zinc  are  placed  in  the 
mercury,  in  a  few  minutes  iron  placed  in 
the  above  conditions  will  become  coated 
with  mercury.  If,  after  a  while,  the 
power  of  the  mercury  seems  to  decline, 
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more  zinc  must  be  added.  The  zinc  is 
only  attacked  when  iron,  or  some  other 
metal  more  electro-negative  than  zinc, 
is  brought  in  contact  with  the  zinc  amal- 
gam and  the  acid,  so  that  the  expense  in 
zinc  is  very  slight. 

The  coat  of  mercury  left  on  iron  by 
the  various  agencies  I  have  mentioned 
is  not  a  superficial  layer,  for  the  mercury 
sinks  into  the  metal,  modifying  its  physi- 
cal and  chemical  properties.  In  the  case 
of  pure  soft  iron  it  is  difficult  to  notice 
any  decrease  of  tenacity  after  amalga- 
mation. With  hard-tempered  steel,  how- 
ever, the  increased  brittleness  is  very 
marked.  In  the  case  both  of  iron  and 
steel,  a  fresh  fracture  shows  that  mer- 
cury had  penetrated  deeply  into  the 
metal. 

Of  the  chemical  change  operated  ^on 
iron  by  amalgamation,  1  can  call  atten- 
tion to  only  one  point,  which  is,  the  anal- 
ogy which  exists  with  the  properties  of 
zinc  amalgam.  When  a  piece  of  zinc* 
has  been  amalgamated  it  is  not  attacked 
by  acids  as  readily  as  zinc  free  from  mer- 
cury; but  if  a  piece  of  amalgamated 
zinc  is  connected  to  a  piece  not  amal- 
gamated, the  amalgamated  zinc  becomes 
the  positive  plate  in  a  voltaic  couple. 
These  properties  of  amalgamated  zinc 
are  found,  although  in  a  less  degree,  in 
amalgamated  iron.  Two  pieces  of  sheet 
iron,  presenting  exactly  the  same  surface, 
were  placed  in  diluted  sulphuric  acid,  so 
that  the  action  of  the  acid  was  exactly 
the  same  on  each.  One  of  these  plates 
was  amalgamated,  the  other  not.  After 
prolonging  the  action  for  over  two  hours, 
it  was  found  that  the  amalgamated  plate 
had  lost  two-thirds  as  much  in  weight  as 
the  other. 

If,  however,  two  pieces  of  ironf — one 
amalgamated  and  the  other  not — are 
connected  by  a  metallic  wire,  the  amal- 
gamated plate  is  attacked,  and  the  other 
plate  plays  the  part  of  a  negative. 

In  iron  amalgam,  made  in  the  way  I 
have  described,  the  quantity  of  mercury 
in  combination  is  very  small.  A  piece  of 
sheet  iron,  presenting  on  both  sides  a  to- 
tal surface  of  three  square  inches,  was 
amalgamated  and  left  to  soak  in  mercury 
for   over    an   hour.     The    mercury    was 


*  This  observation  relates  to  impure  zinc.  Amalgama- 
tion makes  impure  zinc  behave  towards  acids  like  pure 
zinc. 

t  This  is  more  easily  noticed  with  steel  than  with  pure 
soft  iron. 


then  wiped  off  very  thoroughly,  and  the 
piece  of  sheet-iron  weighed.  The  in- 
crease over  the  original  was  thirteen  cen- 
tigrammes, which  showed  an  absorption 
of  mercury  equal  to  a  little  over  four 
centigrammes  per  square  inch.  The  in- 
crease of  weight  in  this  thin  sheet  of 
iron  was  only  three  and  a  half  per  cent. 
Still,  in  this  sheet,  the  fracture  was  sil- 
very, and  globules  of  mercury  stood  on 
the  rough  edge  of  the  fracture. 

For  the  sake  of  comparison  I  treated  a 
piece  of  sheet  zinc,  of  the  same  dimen- 
sions, in  the  same  manner,  leaving  it, 
however,  only  a  few  minutes  in  contact 
with  mercury.  After  rubbing  off  the 
excess  of  mercury,  and  weighing,  I  was 
surprised  to  find  a  loss  instead  of  a  gain 
in  weight.  This  was  doubtless  due  to  a 
certain  quantity  of  zinc  being  dissolved 
by  the  mercury. 

I  must  now,  to  fulfill  the  programme 
offered  by  the  title  of  this  paper,  speak 
to  you  of  the  amalgamation  of  some 
other  metals,  by  which  are  meant  some 
of  those  whose  point  of  fusion  is  very 
high,  and  which  have  always  shown' 
themselves  exceedingly  adverse  to  com- 
bining with  mercury.  Those  that  I  have 
tried  are  platinum,  palladium,  alumin- 
ium, nickel,  and  cobalt.  Except  in  the 
case  of  aluminium  there  seems  nothing 
of  peculiar  interest  to  notice  about  their 
amalgams,  after  what  has  been  said  of 
iron  amalgam.  These  metals  all  take 
mercury  very  readily  by  the  processes 
which  are  effective  in  the  case  of  iron. 
Aluminium  deserves  mention  on  account 
of  its  eccentric  behavior;  it  seems  to 
take  mercury  in  the  same  manner  as  the 
other  metals,  but  shortly  after  being 
taken  out  and  dried,  it  becomes  very  hot, 
the  mercury  seems  to  boil,  and  the  alu- 
minium remains  covered  with  a  chalky 
crust.  On  brushing  this  off,  the  metal  is 
found  beneath  without  a  sign  of  amalga- 
mation. 

In  conclusion,  I  will  point  out  that  two 
inquiries  suggest  themselves  in  connec- 
tion with  these  amalgams.  One  relates 
to  the  determining  cause  of  these  com- 
binations, and  the  other  is  whether  these 
amalgams  —  particularly  amalgam  of 
iron — can  be  applied  to  useful  purposes. 
To  both  these  questions  the  answer  is, 
that  I  have  nothing  satisfactory  to  offer, 
although  a  great  many  things   suggest 
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themselves  as  plausible.  I  am  sure  you 
will  readily  excuse  me  from  presenting 
theories  that  are  merely  plausible,  as  to 
the  cause  of  these  phenomena,  and  feel 
equally  certain  that  I  need  offer  no  apol- 
ogy to  this  enlightened  auditory  for  call- 


ing their  attention  to  these  combinations 
of  mercury  with  iron  and  other  metals, 
because  they  have  not  yet  become  of 
practical  utility,  although  it  may  be  befit- 
ting to  offer  an  apology  for  the  manner 
in  which  the  task  has  been  performed. 


PRIME  MOVERS.* 

From  "Nature." 


II. 


We  now  come  to  Newcomen,  who  I 
think  may  fairly  be  looked  upon  as  the 
father  of  the  steam-engine  in  its  present 
form.  No.  1,942  is  a  model  of  his  en- 
gine, which  is  further  illustrated  by  a 
rare  engraving  (of  1712),  the  property 
of  Mr.  Bennet  \Voodcroft. 

Here  we  have  the  steam  boiler,  the 
cylinder,  the  piston  and  rod,  the  beam 
working  the  pumps  in  the  pit,  the  injec- 
tion into  the  cylinder  and  the  self-acting 
gear,  making  altogether  a  powerful  and 
an  automatic  prime  mover. 

That  conscientious  writer,  Belidor,  to 
whom  I  have  frequently  referred,  says, 
that  he  hears  of  one  of  these  machines 
having  been  set  up  in  the  water- works 
on  the  banks  of  the  Thames  at  York 
Buildings.  I  may  say  to  those  who  are 
not  aware  of  it,  that  those  works  were 
situated  where  the  Charing  Cross  Station 
now  stands.  On  a  Newcomen  engine 
being  erected  in  France  at  a  colliery  at 
Fresnes,  nearConde,  Belidor  paid  several 
visits  to  it  in  order  that  he  might  under- 
stand its  construction  thoroughly,  and 
be  thereby  enabled  to  explain  it  to  his 
readers.  He  has  done  so  with  a  minute- 
ness and  faithfulness  of  detail,  in  descrip- 
tion and  in  drawings,  that  would  enable 
one  to  repeat  the  engine.  This  engine 
had  a  30-inch  cylinder  with  a  6-feet 
stroke  of  the  piston  and  of  the  pumps. 
The  boiler  was  9  feet  in  diameter  and 
3j  feet  deep  in  the  body  ;  it  had  a  dome 
which  was  covered  with  masonry  2  feet 
6  inches  thick  to  hold  it  down  against 
the  pressure  of  the  steam.  It  had  a 
safety-valve  (the  Papin  valve)  which 
Belidor  calls    a    "Ventouse,"    and    says 

*  Address  delivered  by  F.  J.  Bramwell,  C.  E.,  P.  E.  S., 
at  South  Kensington. 


that  its  object  was  to  give  air  to  the 
boiler  when  the  vapor  was  too  strong. 
It  had  double  vertical  gauge  cocks  the 
function  of  which  Belidor  explains;  it 
made  fifteen  strokes  in  a  minute  ;  and 
he  says  that  being  once  started  it  re- 
quired no  attention  beyond  keeping  up 
the  fire,  that  it  worked  continuously  for 
forty-eight  hours,  and  in  the  forty-eight 
hours  unwatered  the  mine  for  the  week, 
whereas  previously  to  the  erection  of  the 
engine  the  mine  was  drained  by  a  horse- 
power machine,  working  day  and  night 
throughout  the  whole  week  and  demand- 
ing the  labor  of  fifty  horses  and  the  at- 
tendance of  twenty  men  to  keep  the 
water  down.  I  should  have  said  that 
the  pumps  worked  by  the  steam-engine 
were  7  inches  bore  and  were  placed  24 
feet  apart  vertically  in  the  pit  which  was 
276  feet  deep,  and  that  each  pump  deliv- 
ered into  a  leaden  cistern  from  which 
the  pump  above  it  drew. 

After  having  given  a  most  accurate 
description  of  the  engine,  Belidor  breaks 
out  into  a  rhapsody  and  says  (I  will  give 
you  a  free  translation)  "It  must  be  ac- 
knowledged that  here  we  have  the  most 
marvelous  of  all  machines,  and  that 
there  is  none  other  of  which  the  mechan- 
ism has  so  close  a  relation  to  that  of  ani- 
mals. Heat  is  the  principal  of  its  move- 
ments ;  in  its  various  tubes  a  circulation 
like  that  of  the  blood  in  the  veins  is  set 
up  ;  there  are  valves  which  open  and 
shut  ;  it  feeds  itself,  and  it  performs  all 
other  functions  which  are  necessary  to 
enable  it  to  exist." 

Smeaton  employed  himself  in  perfect- 
ing and  in  properly  proportioning  the 
Newcomen  engine,  but  it  was  not  until 
James  Watt  that  the  next  great  step  was 
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made;  that  step  was,  as  we  all  know,  the 
doing  away  with  condensation  in  the 
cylinder,  the  effecting  it  in  a  separate 
vessel  and  the  exclusion  of  the  atmos- 
phere from  the  cylinder.  These  altera- 
tions made  a  most  important  improve- 
ment in  the  efficiency  of  the  engine  in  re- 
lation to  the  fuel  consumed  ;  but  they 
were  so  simple  that  I  doubt  not,  if  ex- 
aminers into  the  merits  of  patents  had 
existed  in  those  days,  Mr.  Watt  would 
have  had  his  application  for  a  patent  re- 
jected as  being  "  frivolous."  We  have 
here  from  case  No.  1,928,  a  model  made 
by  Watt  which  appears  to  be  that  of  the 
separate  condenser  and  air-pump  ;  we 
have  also  8b  which  is  a  wooden  model 
made  by  Watt  of  a  single  acting,  in- 
verted engine,  having  the  top  side  of 
the  cylinder  always  open  to  the  conden- 
ser, and  a  pair  of  valves  by  which  the 
bottom  side  of  the  piston  can  be  put  into 
alternate  connection  with  the  boiler  and 
with  the  condenser,  the  contents  of 
which  are  withdrawn  by  the  air-pump. 
3b  from  the  same  case  is  a  model  of  a 
direct  acting,  inverted,  pumping  engine, 
made  in  accordance  with  the  diagram  8b. 
1b  is  a  model  of  Watt's  single  acting, 
beam,  pumping  engine,  while  2b  is  a 
model  of  Watt's  double  acting,  beam,  ro- 
tary engine.  10b  from  the  same  case  is 
Watt's  model  of  a  surface  condenser. 
To  Watt  we  owe  condensation  in  a  sep- 
arate vessel,  exclusion  of  the  air  from  the 
cylinder,  making  the  engine  double  act- 
ing, employment  of  the  steam  jacket, 
and  employment  of  the  steam  expansive- 
ly, the  parallel  motion,  the  governor, 
and  in  fact  all  which  made  Newcomen's 
single  acting,  reciprocating,  pumping  en- 
gine into  that  machine  of  universal  utili- 
ty that  the  steam-engine  now  is,  and  not 
only  so,  but  Watt  invented  the  steam- 
engine  indicator  which  enables  us  to  as- 
certain that  which  is  taking  place  within 
the  cylinder  and  to  see  whether  or  not 
the  steam  is  being  economically  employ- 
ed. I  have  on  the  table  before  me  a 
very  excellent  model  of  German  manu- 
facture, No.  2,137,  illustrating  an  invert- 
ed, direct  acting,  pumping  engine  in  its 
complete  form,  and  I  have  also  a  model 
of  French  manufacture,  the  cylinder  and 
other  working  parts  of  which  are  in 
glass;  this  shows  a  form  of  Watt's  rotary, 
beam,  condensing  engine  at  one  time  in 
common  use. 


I  do  not  say,  however,  that  Watt  was 
the  first  to  make  the  suggestion  of  at- 
taining rotary  motion  from  the  power  of 
steam.  Leaving  out  of  consideration 
Hero's  toy,  Papin,  as  I  have  remarked, 
hoped  to  get  rotary  movement  second- 
hand by  working  a  water  wheel  with  the 
water  that  had  been  raised  by  his  steam- 
engine  ;  moreover,  as  early  as  1737, 
Jonathan  Hulls  proposed  to  obtain  rotary 
motion  from  a  Newcomen  engine  and  to 
employ  that  motion  in  turning  a  paddle- 
wheel,  to  propel  a  tug-boat  which  should 
tow  ships  out  of  harbor,  or  even  against 
an  adverse  wind.  I  have  before  me  one 
of  the  prints  of  his  pamphlet  and  in  or- 
der that  you  may  better  appreciate  his 
invention  I  have  put  an  enlarged  diagram 
upon  the  wall,  and  I  think  I  may  take 
this  as  the  starting-point  for  saying  a  few 
words  about  the  steam-engine  as  a  prime 
mover  in  steam  vessels. 

We  have  in  the  collection,  No.  2,150, 
Symington's  engine  tried  upon  the  Lake 
at  Dalswinton  in  1788.  Here  a  pair  of 
single  acting  vertical  cylinders  give,  by 
the  up  and  down  motion  of  their  pistons, 
reciprocating  movement  to  an  overhead 
wheel  ;  this  wheel  gives  a  similar  motion 
to  an  endless  chain  which  chain  is  led 
away  so  as  to  pass  round  two  pairs  of 
ratchet  wheels  ^oose  upon  two  paddle 
shafts.  By  the  use  of  a  pair  of  ratchets 
the  reciprocations  of  the  chain  are  con- 
verted into  rotary  motion  in  one  direc- 
tion only,  and  that  the  driving  direction 
of  the  two  paddle  wheels  placed  one  be- 
hind the  other.  Symington's  arrange- 
ment for  obtaining  the  rotary  motion  al- 
ways in  one  direction  of  his  two  paddle- 
wheels  is  very  similar  to  that  proposed 
by  Jonathan  Hulls  for  his  single  stern- 
wheel.  Want  of  time  forbids  me  to  do 
more  than  just  to  allude  to  the  names  of 
Hornblower  and  Wolff  in  connection 
with  double  cylinder  engines,  engines 
wherein  the  expansion  of  steam  is  com- 
menced in  one  cylinder  and  continued  in 
another  and  a  larger  one. 

I  wish  to  say  a  few  words  which  will 
bring  before  you  the  changes  that  have 
been  made  within  a  very  few  years  in  the 
construction  of  the  marine  engines.  I  may 
observe  that  when  I  was  an  apprentice 
the  ordinary  working  pressure  of  steam, 
except  in  the  double  cylinder  engine,  was 
only  3  lbs.  above  atmosphere,  and  that 
there  was  in  a  marine  boiler  more  pres- 
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sure  on  its  bottom  when  the  steam  was 
down,  due  to  the  mere  head  of  water  in 
the  boiler,  than  there  was  pressure  in  the 
top  when  the  steam  was  up,  due  to  the 
force  of  the  steam  ;  whereas  now  con- 
densing marine  engines  work  commonly 
at  70  lbs.,  and  there  is  a  boat  under  trial 
where  the  steam  is,  I  believe,  as  high  as 
400  lbs. 

To  those  who  are  curious  on  the  sub- 
ject, I  would  recommend  a  perusal  of 
two  Blue  Books,  one  being  the  evidence 
taken  before  a  Parliamentary  Commis- 
sion in  1817,  and  the  other  before  a  Par- 
liamentary Committee  in  1839  ;  they 
will  find  there  the  weight  of  evidence  to 
be  that  the  only  use  of  high  pressure 
steam  is  to  dispense  with  condensing 
water,  and  that  as  a  steamboat  must  al- 
ways have  plenty  of  condensing  water  in 
its  neighborhood,  no  engineer  knowing 
his  business,  would  suggest  high  pressure 
for  a  marine  engine. 

I  have  before  me  a  model  of  a  pair  of 
engines  which,  although  they  were  made 
not  so  very  long  ago  (for  I  saw  them 
put  into  the  ship),  have  nevertheless  an 
historical  interest.  This  model  shows 
Maudslay's  engines  of  the  Great  Western, 
the  first  steamer  built  for  the  purpose  of 
crossing'  the  Atlantic.  I  think  I  am 
right  in  saying  that  7  lbs.,  steam  was 
the  pressure  employed  in  that  vessel,  and 
in  order  to  extract  the  brine  from  the 
boiler  it  was  necessary  to  use  pumps  as 
the  pressure  of  the  steam  was  not  suffi- 
cient to  expel  the  brine  and  to  deliver  it 
against  the  pressure  of  the  sea. 

Time  does  not  permit  of  my  touching 
upon  the  various  improvements  in  boil- 
ers, condensers,  expansive  arrangements, 
and  other  matters  which  have  gradually 
been  introduced  into  our  best  engines 
for  land  and  for  ocean  purposes.  I  have 
hung  upon  the  wall  a  rough  diagram 
showing  a  pair  of  oscillating  engines  as 
applied  to  driving  a  paddle  steamer,  and 
another  showing  a  pair  of  inverted,  com- 
pound cylinder  engines  to  drive  a  screw 
propeller  ;  a  model  of  such  a  pair  of  en- 
gines with  surface  condensers  and  all 
modern  appliances  (being  Messrs.  Ren- 
nie's  engines  for  the  P.  and  O.  Com- 
pany's S.  S.  J?era,  by  which  I  have  had 
the  pleasure  of  traveling)  is  now  before 
me. 

I  will  conclude  this  part  of  the  subject 
by  saying   that  to  the   combination   of 


science  and  sound  practice  is  due  the 
fact  of  the  consumption  of  coal  having 
been  reduced  from  5  lbs.  per  gross  in- 
dicated horse-power  per  hour  to  an 
average  of  2 \  lbs.  and,  in  exceptional  in- 
stances, to  as  small  a  quantity  as  \\  lbs. 
per  horse  per  hour. 

Let  us  now  devote  a  little  of  the  time 
that  is  left  to  the  consideration  of  the 
locomotive  on  the  common  road  as  well 
as  on  the  railway.  I  have  before  me 
No.  2,145,  a  model  of  the  actual  engine 
of  Cugnot,  in  the  Conservatoire  des  Arts 
et  Metiers,  which,  in  1769,  journeyed — 
slowly,  it  is  true,  but  did  journey  and 
did  carry  passengers — along  the  roads  in 
Paris. 

It  is  a  most  ingenious  machine  ;  it 
has  three  wheels,  and  the  motive  power 
is  applied  to  the  front,  the  castor,  or 
steering  wheel,  so  that  engine  and  boiler 
turn  with  the  wheel  precisely  as,  within 
the  last  few  years,  Mr.  Perkins  has 
caused  the  engine  and  boiler  to  turn 
with  the  steering-wheel  of  his  three- 
wheeled,  common  road  locomotive.  The 
steam  causes  the  pistons  in  a  pair  of  in- 
verted, single  acting  cylinders  to  recipro- 
cate, and  their  rods,  by  means  of  ratchet 
wheels,  give  rotary  motion  to  the  castor 
wheel,  and  thus  propel  the  carriage.  I 
think  there  is  no  doubt  but  that  we 
must  look  upon  this  engine  of  Cugnot  as 
the  father  of  steam  locomotion,  as  we 
must  regard  Symington's  engine  as  the 
parent  of  marine  propulsion.  I  have  be- 
fore me  No.  1,926,  Treve thick's  engine 
of  1802  ;  I  have  also  before  me  a  Blen- 
kinsop  rail,  one  that  has  been  in  actual 
use  for  many  years,  provided,  as  you 
will  see,  with  teeth,  into  which  a  cogged 
flange  on  the  side  of  the  driving-wheel 
is  geared  to  insure  that  tractive  force 
should  be  obtained.  This  plan  has  been 
revived,  within  the  last  few  years,  to  en- 
able the  steam  locomotive  to  climb  the 
Righi.  A  sketch  of  the  Righi  engine 
and  rail  is  on  the  wall.  It  will  be  seen 
that  the  teeth  instead  of  projecting  from 
the  side  of  the  rail,  are  ranged  between 
two  parallel  bars  like  the  rungs  of  a  lad- 
der. 

On  the  ground  floor  of  the  exhibition 
we  have  the  veritable  "Puffing  Billy," 
an  engine  which  began  work  in  1813, 
and  got  along  without  the  aid  of  cogs,  by 
mere  adhesion  upon  plain  rails  ;  it  is  a 
rude-looking  machine,  but  it  labored  up 
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till  the  date  of  the  last  Exhibition,  doing 
its  work  for  forty-nine  years  on  the  rail- 
way belonging  to  the  Wylams  Colliery, 
and,  as  tradition  says,  interesting  George 
Stephenson,  who,  as  a  boy,  saw  it  in 
daily  operation. 

On  the  ground-floor,  also,  we  have 
1,954,  the  "Rocket,"  with  which,  seven- 
teen years  after  the  starting  of  "  Puffing 
Billy,"  George  Stephenson  carried  off  the 
prize  in  the  Manchester  and  Liverpool 
Railway  competion.  The  leading  par- 
ticulars of  this  engine  are  as  follows  : 
A  pair  of  7  J-  inch  cylinders  l'  h"  stroke, 
placed  at  a  slight  inclination  driving  4' 
6"  wheels,  the  boiler,  multi-tubular, 
having  twenty-four  three  and  a  half  inch 
tubes,  while  the  tire  is  urged  by  the 
waste  blast.  Before  alluding  to  this  I 
ought  to  have  mentioned  that  in  one  of 
the  Blue  Books  to  which  I  have  called 
your  attention — that  which  gives  the 
evidence  before  the  Commission  in  the 
year  1817 — there  is  a  statement  by  a 
witness  that  in  those  parts  there  are  ma- 
chines called  locomotives,  &c. 

Once  more  I  am  compelled  to  say  that 
time  will  not  admit  of  my  entering  into 
any  detail  in  respect  of  the  modern  lo- 
comotive, except  to  remark  that  by  the 
aid  of  excellent  boilers,  of  high-pressure 
steam  (140  lbs.  to  the  inch)  of  consider- 
able, although  rather  imperfect  expansion 
effected  by  the  link  motion,  there  is  pro- 
vided for  the  use  of  our  railways  a  ma- 
chine which  in  the  "passenger"  form  is 
competent  to  travel  with  ease  and  safety 
60  miles  an  hour,  and  in  the  "goods" 
form  is  competent  to  draw  a  load  of  S00 
to  1,000  tons,  and  to  attain  these  results 
with  a  very  commendable  economy  in 
fuel.  I  have  put  on  the  wall  two  dia- 
grams of  locomotives  of  the  convenient 
form  for  local  traffic  that  we  call 'tank 
engines,  and  I  have  before  me  No. 
1,957a,  a  most  beautifully  made  sectional 
working  model  of  a  Russian  six-wheeled 
"  goods  "  engine. 

Within  the  last  twenty  years  another 
description  of  steam-engine  has  acquired 
a  prominent  and  important  place  among 
our  prime  movers  ;  I  allude  to  the  porta- 
ble engine,  or  to  the  portable  engine  in 
its  more  complete  form  of  a  self-propell- 
ing or  traction  engine.  The  general  con- 
struction of  these  machines  borders 
closely  upon  that  of  the  locomotive. 
Very  great  attention  has  been  paid  to 


all  their  details,  and  the  Royal  Agricul- 
tural Society  of  England,  by  their  excel- 
lent arrangements  for  periodical  trials, 
have  stimulated  engineers  to  devote  their 
best  energies  to  the  subject.  No.  1,942 
is  a  model  of  one  of  Aveling  and  Poller's 
common  road,  traction  engines,  capable 
also  of  aeting  as  a  source  of  power  for 
driving  farm-yard  machinery  or  for 
effecting  steam-ploughing.  Upon  the 
wall  1  have  placed  rough  diagrams  of 
another  kind  of  traction  engine — a  kind 
wherein  india-rubber  tires  are  used  ; 
this  is  manufactured  by  Messrs.  Ran- 
some,  Sims  and  Head,  and  I  have  also 
placed  there  diagrams  of  the  ordinary 
portable  engine  and  of  another  most 
useful  kind  of  portable  engine,  viz.,  the 
steam  lire-engine.  I  have  there  likewise 
a  sketch  of  Hancock's  common  road 
steam  coach,  which  for  so  many  months 
regularly  plied  for  hire  from  the  Bank  to 
Paddington  in  opposition  to  the  ordinary 
horse  omnibus.  Hancock's  carriage  was 
a  vehicle  which,  in  my  judgment,  has 
never  since  been  surpassed,  and  I  am 
sorry  to  say  never  to  my  knowledge 
equaled  as  regards  the  various  points 
which  should  be  attended  to  in  making 
a  steam  carriage  to  circulate  safely 
among  horse-traffic. 

There  is  another  way  in  which  steam 
may  be  employed  as  a  prime  mover. 
We  saw  that  water  in  the  form  of  the 
"Trombe  d'eau  "  could  be  caused  to  in- 
duce a  current  in  air  and  thereby  to  blow 
a  forge  lire,  and  that  a  rapid  stream  in- 
duces a  current  in  other  water,  and  thus 
drains  marshy  lands.  Similarly  steam 
can  be  caused  to  induce  a  current  in 
water  and  thereby  impel  the  water  so  as 
to  raise  it  to  a  height  or  to  force  it  as 
feed-water  into  a  boiler  against  a  heavy 
pressure.  When  used  for  a  mere  pump- 
ing apparatus,  such  a  mode  of  employing 
steam  is  very  wasteful,  because  the  steam 
is  condensed  by  the  water  in  large  quan- 
tities and  the  water  is  needlessly  heated 
at  the  expense  of  the  steam  ;  but  when 
used  in  feeding  a  boiler  into  which,  thus, 
sthe  whole  of  the  heat  is  taken,  this  ob- 
jection does  not  apply.  By  means  of 
that  most  elegant  and  scientific  appara- 
tus, the  Giffard  injector,  it  is  possible, 
by  a  jet  of  steam,  to  economically  in- 
duce a  current  in  surrounding  water, 
powerful  enough  to  take  the  condensed 
steam  itself  and  the  water  into  the  boiler 
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from  which  the  steam  had  previously  is 
sued.  No.  1,976,  which  I  have  before 
me,  is  a  sectional  model  of  a  Giffard  in- 
jector. 

I  believe  it  was  I  who  first  gave  a 
popular  explanation  of  the  principle  of 
action  of  the  Giffard  injector,  and  al- 
though a  scientific  congress  is  probably 
not  the  place  for  a  popular  explanation, 
I  will  venture  to  repeat  it.  The  princi- 
ple may  be  summed  up  in  one  word, 
"concentration."  The  steam  that  issues 
from  an  orifice  of  an  area  of  1,  when 
condensed,  has  a  sectional  area  (accord- 
ing to  the  original  pressure  of  the  steam) 
of  only  Youth  or  Tnoth  or  »o<jth  as  the  case 
may  be,  thus  the  velocity  remaining  the 
same  and  the  weight  the  same,  the  en- 
ergy of  the  steam  issuing  from  an  area 
of  1,  is  concentrated  200,  400,  or  800 
times  upon  the  area  due  to  the  smaller 
transverse  section  of  the  liquid  stream. 

This  concentration  of  energy  is  far  more 
than  sufficient  to  enable  the  fluid  stream 
to  re-enter  the  boiler  from  which  the  va- 
porous stream  started,  and  so  much  more 
than  sufficient,  that  it  may  be  diluted  by 
taking  with  it  a  certain  quantity  of 
water,  which  was  employed  in  the  con- 
densation of  the  steam,  and  is  required 
for  the  feeding  of  the  boiler. 

With  a  view  to  obtaining  economy  in 
fuel,  many  attempts  have  been  made  to 
employ  some  other  agent  than  steam,  as 
the  means  of  developing  the  power  la- 
tent in  fuel,  but  it  is  imperative  that  I 
should  dismiss  these  with  a  mere  enu- 
meration. A  very  interesting  engine  of 
this  kind  (because,  excluding  Hero's  toy 
and  smoke  jacks,  it  is,  so  far  as  I  know, 
the  first  proposition  for  obtaining  rota- 
tory motion  by  the  aid  of  heat),  was  the 
fire  wheel  of  M.  Amonton,  of  which  an 
account  is  to  be  found  in  the  first  volume 
of  the  "French  Academy  of  Sciences," 
for  the  year  1699.  On  referring  to  that 
volume  I  do  not  see  that  it  is  stated  in 
terms,  that  the  machine  was  ever  put  to 
work,  although  it  is  said  that  M.  Amon- 
ton made  many  experiments  to  convince 
the  Academy  of  the  practicability  of  his 
invention.  M.  Amonton  proposes  to 
have  a  metallic  wheel  revolving  on  a 
horizontal  axis  ;  the  outer  rim  of  the 
wheel  was  to  be  divided  into  a  number 
of- separate  air  cells,  each  of  which  had 
a  channel  so  as  to  communicate  with 
other  cells,  water-cells,  arranged  round 


the  wheel  nearer  to  the  center  than  the 
air-cells  ;  the  air-cells  as  they  passed 
over  a  fire  were  to  be  heated,  and  the 
air  was  to  drive  this  water  up  to  one 
side  of  the  wheel,  so  as  to  keep  that  side 
always  loaded,  and  thus  give  the  wheel 
a  tendency  to  revolve.  The  cells  after 
leaving  the  neighboihood  of  the  fire  were 
to  be  cooled  by  passing  through  water 
to  re-contract  the  air  ready  for  the  next 
operation. 

No.  1,940,  which  is  before  me,  is  a 
model  of  Stirling's  hot-air  engine,  but 
time  does  not  remain  to  describe  it. 

Besides  hot-air  engines,  we  have  had 
engines  working  by  the  explosion  of 
gun-powder,  and  others  working  by  the 
explosion  of  gases.  .No.  1,945  is  Langen 
and  Crossley's  gas  engine,  from  which  I 
believe  extremely  excellent  results  have 
been  obtained. 

I  will  now  ask  you  to  look  at  a  tabu- 
lar statement  which  shows  the  consump- 
tion of  fuel  in  some  agricultural  engines, 
when  under  trial,  expressed  in  pounds 
per  horse-power  per  hour,  and  also  in 
millions  of  pounds  raised  one  foot  high 
by  the  consumption  of  1  cwt.  of  coals. 
I  told  you  how  excellent  were  the  results 
at  which  our  agricultural  engineers  had 
arrived  ;  you  will  see  that  one  of  those 
machines,  working  with  80  lbs.  steam, 
and  of  course  without  condensation,  has 
developed,  not  a  gross  indicated  horse- 
power, but  an  actual  dynamometrical 
horse-power,  for  2  79  lbs.  of  coal  per 
horse  per  hour,  giving  a  duty  of  as  much 
as  79!  millions.  This  high  result  was 
obtained  by  the  excellence  of  the  boiler 
and  of  the  combustion,  as  well  as  by  that 
of  the  engine.  If  you  look  at  the  column 
of  evaporation  you  will  find  that  as  much 
as  11.83  lbs.  of  water  were  converted 
from  the  temperature  of  the  boiling  point 
into  steam  by  the  combustion  of  1  lb.  of 
coal  ;  this  was  due,  not  to  the  merits  of 
the  boiler  alone,  but  to  the  extraordinary 
ability  of  the  stoker,  and  to  the  care  and 
labor  bestowed,  a  care  and  labor  far  too 
expensive  to  be  employed  in  practice. 
But  should  not  we  engineers  endeavor 
to  ascertain  whether  we  cannot  by  me- 
chanical means,  practically,  with  cer- 
tainty and  cheapness,  procure  an  accu- 
racy of  combustion  as  great,  or  even 
greater  than  that  which  can  be  got  by 
the  almost  superhuman  attention  of  a 
highly-trained  man,  who  at  the  end  of 
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four  hours  of  such  work  is  utterly  ex- 
hausted ?  Many  forms  of  fire-feeders 
have  been  attempted  and  used  with 
more  or  less  success,  but  I  cannot  help 
thinking  that  in  order  to  obtain  the  ac- 
curate proportioning  of  air  and  fuel,  by 
which  alone  we  can  get  efficient  and 
economical  combustion,  we  shall  have  to 
turn  our  attention  in  the  direction  of 
dealing  with  the  fuel  in  a  comminuted 
state,  either  by  converting  it  into  gas, 
as  is  done  by  our  president,  Dr.  Siemens, 
by  availing  ourselves  of  liquid  fuel,  or 
by  employing  the  process  of  Mr.  Cramp- 
ton,  and  making  the  fuel  into  an  impal- 
pable powder,  that  may  be  driven  into 
the  furnace  by  the  air  which  is  there  to 
consume  it. 

By  these,  and  by  other  means,  we 
may  hope  to  improve  combustion.  By 
strict  attention  to  the  proportioning  of 
the  parts  of  the  boiler  we  may  hope  to 
make  the  best  use  of  this  improved  com- 
bustion. By  higher  initial  pressure,  by 
greater  expansion,  and  by  the  general 
employment  of  condensation,  wherever 
practicable  (and  by  the  use  of  the  evapo- 
rative condenser  there  are  very  few  cases 
in  which  it  is  not  practicable),  we  may 
trust  that  the  steam-engine,  even  on  its 
present  principle,  will  be  rendered  more 
economical  than  it  has  ever  yet  been, 
and  may  give  us  more  than  that  one- 
eighth  or  one-ninth  of  the  total  force 
residing  in  the  fuel  which  now  alone  we 
get  under  the  very  best  and  most  excep- 
tional conditions.  A  large  loss,  however, 
must  with  steam-engines,  as  we  now 
know  them,  always  be  incurred.  We 
cannot  hope  to  deal  with  initial  pres- 
sures and  temperatures  corresponding 
with  steam  of  a  density  equal  to  that  of 
water,  nor  to  carry  expansion  down  to 
the  point  where  ice  would  be  formed  in 
the  condenser.  But  wonderful  as  the 
steam-engine  is,  worthy  as  it  was  and  is 
of  Belidor's  eulogium  (which  I  read  to 
you),  we  know  it  is  not  the  only  heat 
motor,  and  we  are  aware  that  there  are 
other  forms  of  such  motors  which,  theo- 
retically at  all  events,  promise  higher 
results. 

By  improvements  in  the  existing 
steam-engine,  by  the  invention  and  de- 
velopment of  other  heat  motors,  by  the 
employment  of  the  power  of  water  and 
of  wind,  either  as  principal  motors  or  as 
auxiliaries,  we  may  look  to  further  prog- 


ress in  the  machines — the  subject  of  my 
address — "  Prime  Movers." 

I  have  brought  before  you,  of  neces- 
sity hastily,  and  therefore  (and  also  on 
account  of  my  own  incapacity  for  the 
task)  imperfectly,  the  leading  improve- 
ments which  have  been  made  in  prime 
movers  from  the  date  of  the  water-wheels 
of  Vitruvius  to  the  best-devised  steam- 
engines  of  our  own  day.  These  improve- 
ments have  been  effected  by  men  like 
Papin,  Savery,  Newcomen,  .  Watt, 
Symington,  Stephenson,  and  others,  who 
were  not  mere  makers  of  engines,  but 
were  men  full  of  an  ardent  love  of  their 
noble  profession,  who  followed  it  because 
of  the  irrestible  attraction  it  possessed 
for  them  ;  followed  it  from  their  boy- 
hood to  their  grave,  and  in  that  very 
following  found  their  great  reward. 
These  men  undoubtedly  possessed  that 
combination  of  science  and  practice, 
which  combination,  Dr.  Tyndall  has  told 
us,  is  necessary  if  either  science  or 
practice  is  to  continue  to  live  ;  for,  to 
use  his  expressive  language,  without  this 
combination  they  both  die — die  of  atro- 
phy ;  the  one  becomes  a  ghost,  the 
other  a  corpse. 

We  have  every  reason  to  believe  that 
this  combination  will  rapidly  become 
even  more  fully  developed,  not  only  in 
the  engineers  of  the  present  day,  but  in 
those  of  the  next  and  of  succeeding 
generations,  and  to  such  men  as  these 
we  may  trustfully  leave  the  continued 
improvements  of  prime  movers,  resting 
content  with  the  knowledge  that  a  more 
general  application  of  these  machines 
must  of  necessity  follow  such  improve- 
ments, and  that  the  day  will  soon  dawn 
when,  in  no  civilized  country,  will  there 
continue  to  be  the  temptation  to  employ 
intelligent  humanity  in  the  brutal  labor 
of  the  turnspit,  or  of  the  criminal  on  the 
treadwheel. 


A  correspondent  of  the  Western 
Mail  mentions  a  rumor  that  overtures 
have  been  made  by  the  Great  Western 
Railway  Company  for  the  purchase  of 
the  Taff  Vale  Railway.  It  is  stated 
that  the  Great  Western  would  guarantee 
seven  and  a  half  per  cent,  to  all  original 
shareholders  in  perpetuity,  and  secure 
four  and  a  half  to  five  to  all  subsequent 
holders. 
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Centennial  Address  of  Hon.  ABRAM  S.  HEWITT,  President-elect  of  the  American  Institute  of 

Mining  Engineers. 


Gentlemen  :  If  my  first  words  were 
other  than  those  of  thanks  for  the  high 
honor  of  being  called  to  preside  over 
the  American  Institute  of  Mining  Engi- 
neers, I  should  do  injustice  alike  to  you 
and  to  my  own  sense  of  the  obligation 
under  which  I  have  been  placed  by  your 
voluntary  choice.  When  the  position 
was  first  suggested  to  me,  I  resolutely 
declined  to  allow  the  use  of  my  name, 
on  the  ground  that,  by  training  and  oc- 
cupation, I  was  not  entitled  to  this 
honor,  which,  it  then  seemed  to  me, 
should  be  conferred  only  on  a  professional 
engineer.  In  fact,  the  history  of  the  In- 
stitute, which  had  honored  itself,  as  well 
as  my  distinguished  predecessors,  David 
Thomas,  Rossiter  W.  Raymond,  and 
Alexander  L.  Holley,  by  elevating  them 
to  its  highest  office,  seemed  to  indicate 
the  line  and  the  limit  of  safe  precedent, 
in  which  I  did  not  then  see  how  I  could 
be  included. 

But  my  scruples  were  finally  removed 
by  the  consideration  that,  as  in  the  course 
of  human  industry,  the  pioneer,  of  whom 
Mr.  Thomas  was  so  marked  a  type,  must 
precede  the  mining  engineer,  so  fitly 
personified  in  Dr.  Raymond,  and  be  fol- 
lowed by  the  mechanical  engineer,  whose 
incarnation  we  behold  in  Mr.  Holley  ; 
so  all  these  must  be  supplemented  by  the 
man  of  affairs  and  finance,  in  order  that 
"enterprises  of  great  pith  and  moment" 
may  be  prosecuted  to  a  successful  issue. 
I  felt,  therefore,  that  I  had  no  longer 
any  right  to  resist  your  preference,  or  to 
deprive  myself  of  what  I  must  regard  as 
the  crowning  honor  of  an  active  career. 

On  an  occasion  like  the  present  it 
seems  appropriate  to  review  the  history 
in  this  country,  during  the  last  hundred 
years,  of  those  industries  which  the  In- 
stitute of  Mining  Engineers  specially 
represents.  There  is  much  in  the  story 
with  which  -other  members  of  this  body 
are  more  familiarly  acquainted  than  my- 
self ;  yet  I  fancy  that  to  all  of  them,  and 
not  less  to  our  distinguished  and  most 
heartily  welcome  guests  from  abroad,  a 
comprehensive  outline  of  the  progress  of 


mining  and  metallurgy  in  the  United 
States  will  prove  interesting.  I  ask  your 
attention,  therefore,  to  a  condensed  ac- 
count of  that  subject,  embracing  a  state- 
ment of  the  beginnings  of  the  industry 
on  our  shores,  of  the  notable  events  at- 
tending its  increase,  and  of  its  present 
condition  after  a  hundred  years  of  na- 
tional life.  The  extent  and  rate  of  our 
progress  will  be  shown  more  clearly  by 
figures  than  by  words  ;  and  I  shall  offer 
a  couple  of  tables,  carefully  compiled 
from  the  best  available  sources,  and 
showing  the  production  of  coal  and 
iron  throughout  the  world.  This  gen- 
eral survey  would  be  incomplete  without 
some  account  of  the  legislation  of  the 
Federal  government  with  regard  to  min- 
ing, the  principles  upon  which  it  has 
been  based,  the  effects  which  it  has  pro- 
duced ;  and,  finally,  I  shall  attempt  to 
point  out  some  causes  and  agencies 
which,  under  our  institutions  and  habits, 
may  be,  in  my  opinion,  relied  upon  to 
effect  certain  great  ends  of  technical 
efficiency,  political  economy,  and  social 
equity,  which  our  government  has  not 
attempted,  and  could  not  fairly  be  ex- 
pected, to  achieve. 

Many  of  the  topics  I  have  named  are 
more  or  less  familiar  to  me  in  my  ex- 
perience as  a  man  of  business,  a  student 
of  public  affairs,  and  a  zealous  inquirer 
into  the  social  and  industrial  problems 
of  the  present  generation.  But  the  col- 
lection and  arrangement  of  facts  in  my 
possession,  the  search  for  other  facts  to 
complete  the  record,  and  the  orderly  ex- 
pression of  the  whole  in  connected  form, 
would  have  been  a  labor  at  this  time  ut- 
terly beyond  my  powers,  already  over- 
taxed by  intense  and  continuous  occupa- 
tion in  another  sphere,  had  I  not  been 
able  to  avail  myself  of  the  assistance  of 
J|r.  Raymond,  whose  thorough  acquaint- 
ance with  a  large  portion  of  the  field  I 
was  attempting  to  cover,  and  whose 
ready  comprehension  of  the  nature  of 
my  plan  enabled  him  to  render  me  a  ser- 
vice so  essential  that  I  cannot  consent  to 
omit  an  explicit  recognition  of  it. 
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Mining  enterprises  were  among  the 
motive  powers  to  the  exploration,  con- 
quest, and  colonization  of  the  New 
Word.  The  desire  to  find  a  shorter 
route  to  the  profitable  trade  of  India, 
and  the  desire  to  conquer  new  territory, 
wherever  it  might  be  found,  in  the  name 
of  some  Catholic  or  Protestant  sovereign 
of  Europe,  were  accompanied,  both  in 
North  and  South  America,  by  eager 
hopes  of  the  discovery  of  gold  and 
silver. 

The  history  of  the  plunder  of  the  me- 
tallic wealth  and  the  development  of  the 
mineral  resources  of  Mexico  and  South 
America,  does  not  lie  within  my  present 
purpose.  The  early  enterprises  of  this 
kind  in  the  northern  part  of  the  conti- 
nent were  less  successful,  though  the 
progress  of  two  hundred  years  has  made 
them  more  beneficial  to  national  pros- 
perity, for  reasons  which  I  shall,  per- 
haps, be  able  to  indicate. 

Gold  was  found  in  moderate  quantities 
in  use  among  the  Indian  tribes  of  the 
present  Southern  States.  The  Spaniards 
under  De  Soto,  following  this  clue,  arid 
led  on  by  stories,  exaggerated  or  misun-, 
derstood,  of  their  Indian  guides,  made  a 
wide  superficial  exploration  in  search  of 
the  origin  of  this  treasure.  They  are 
supposed  to  have  excavated  many  of  the 
diggings  in  North  and  South  Carolina  and 
Georgia,  which  are  now  overgrown  with 
forests.  But  no  rich  deposits  appear  to 
have  been  discovered,  and  no  permanent 
operations  undertaken. 

In  the  great  charter  of  King  James, 
by  which,  in  1606,  the  right  to  explore 
and  settle  the  North  American  Continent 
from  the  thirty-fourth  to  the  forty -fifth 
parallel,  was  granted  to  the  London  and 
Plymouth  Companies,  it  was  provided 
that  one  fifth  of  the  gold  and  silver,  and 
one-fifteenth  of  the  copper,  which  might 
be  discovered,  should  belong  to  the 
crown.  One  of  the  earliest  expeditions 
of  Captain  John  Smith,  in  Virginia,  was 
the  exploration  of  the  Chickahominy 
River,  in  the  hope  that  it  might  consti- 
tute a  water-way  to  the  Pacific  Ocean  ; 
and  one  of  the  next  events  in  the  histo^ 
of  the  same  colony  was  a  mining  excite- 
ment, such  as  would  be  called  in  our 
California  tongue  a  "  stampede,"  caused 
by  the  supposed  discovery  of  gold  ;  in 
which,  fortunately,  John  Smith  did  not 
avail  himself  of  his  official  position  to 


take  "  stock."  It  is  a  curious  circum- 
stance that  gold  really  occurs  in  that 
region,  though  the  glittering  dust,  of 
which  a  ship-load  was  sent  by  the  de- 
luded colonists  to  the  jewelers  of  London, 
proved  to  be  but  mica  or  iron-pyrites  ; 
and  it  seems  probable  (albeit  this  sug- 
gestion is  not  based  upon  any  explicit 
record  known  to  me)  that  the  presence 
of  gold  among  the  Indians,  and  the  dis- 
covery of  specimens  of  the  quartz  or 
slates  of  Virginia,  containing  visible 
particles  of  it,  gave  rise  to  the  general 
excitement,  under  the  influence  of  which, 
without  further  tests  of  value,  a  large 
amount  of  worthless  material  was  col- 
lected, to  the  neglect  of  necessary  and 
profitable  industry.  From  this  point  of 
view  the  Jamestown  mining  fever  was 
the  prototype  of  many  that  have  since 
occurred — all  of  which  may  be  summed 
up  in  the  general  expression,  that  the 
mine  "  did  not  pan  out  according  to  the 
samples." 

A  more  promising  industry  was  in- 
augurated at  the  same  time  by  the  send- 
ing of  a  quantity  of  iron  ore  from  James- 
town to  England  in  1608.  This  ore, 
smelted  in  England,  yielded  seventeen 
tons  of  metal  probably  the  first  pig-iron 
ever  made  from  North  American  ore. 
In  1620,  a  hundred  and  fifty  skilled 
workmen  were  sent  to  the  colony  to 
erect  iron- works  ;  and  it  is  said  that  a 
fund,  subscribed  for  the  education  of 
the  colonists  and  Indians,  was  invested 
in  this  enterprise,  as  a  safe  and  sure 
means  of  increase.  But,  in  1622,  an  In- 
dian massacre  broke  up  the  enterprise  ; 
and  both  the  manufacture  of  iron  and 
the  education  of  citizens  and  Indians 
have  been  obliged,  ever  since,  to  rely 
upon  other  sources  of  support. 

For  an  interesting  collection  of  facts 
relative  to  the  beginnings  of  the  iron  in- 
dustry of  the  American  colonies,  I  refer 
you  to~  the  forthcoming  work  on  that 
subject,  by  our  fellow-member,  Mr.  John 
B.  Pearse,  to  whose  courtesy  I  am  indebt- 
ed for  the  opportunity  to  consult  the 
advance  sheets  of  a  portion  of  the  book. 

According  to  the  statement  of  Colonel 
Spotswood,  quoted  by  Ai  r.  Pearse,  it  ap- 
pears that,  previous  to  1724,  neither  New 
England,  Pennsylvania,  nor  Virginia, 
possessed  blast  furnaces.  Their  product 
of  iron  was  from  bloomeries  only.  Ac- 
cording to  Prof.  Hodge,  quoted  by  Prof. 
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Whitney,  however,  a  furnace  was  built 
at  Pembroke,  Mass.,  in  1702  ;  and  an- 
other authority  states  that,  in  1721,  New 
England  possessed  six  furnaces  and 
nineteen  forges.  In  1719  was  passed  the 
famous  resolution  of  the  British  House 
of  Commons,  "  that  the  erection  of  manu- 
factories in  the  colonies  tended  to  lessen 
their  dependency  on  Great  Britain." 
Only  the  earnest  protest  of  the  colonial 
agent  prevented  the  prohibition  at  that 
time  of  the  American  iron  manufacture. 
The  next  thirty  years  witnessed  two  in- 
structive contests.  The  first  was  that  of 
the  colonial  with  the  domestic  pig-iron 
manufacture — a  competition  in  which 
America  was  favored  by  the  abundance 
of  her  vegetable  fuel  (the  employment 
of  mineral  coal  in  iron-making  not  having 
yet  found  introduction),  in  comparison 
with  the  rapidly  waning  forests  of  Great 
Britain.  The  British  manufacture  being 
protected  by  heavy  duties  on  colonial 
pig-iron,  the  latter  began  to  be  more  and 
more  worked  up  into  bar-iron,  nails, 
steel,  etc.,  at  home  ;  and  this  brought  on 
a  new  competition  with  the  British  manu- 
facturers of  these  articles.  In  1750,  a 
further  legislative  attempt  to  regulate 
this  trade  was  made  by  Parliament, 
which  decreed  the  admission  of  colonial 
pig-iron  duty  free,  but  prohibited  the 
erection  in  America  of  slitting,  rolling, 
or  plating  mills,  or  steel  furnaces,  order- 
ing that  all  new  ones  thereafter  built 
should  be  suppressed  as  "nuisances." 

It  will  be  recollected  that  arbitrary 
acts  of  this  kind,  for  the  destruction  of 
our  infant  manufactures,  were  among 
the  grievances  cited  in  the  Declaration 
of  Independence.  The  extent  of  the 
American  iron  manufacture,  during  the 
ante  revolutionary  period,  can  be  inferred 
only  from  scanty  records  of  exports. 
These,  beginning  in  1717  with  three 
tons,  had  increased,  in  1750,  to  about 
3000  tons  ;  in  1765,  the  total  is  reported 
at  4342  tons  ;  and  in  1771,  at  7525  tons, 
the  maximum  annual  export.  The  out- 
break of  the  war  of  course  put  an  end 
to  exportation  and  caused  a  great  de- 
mand for  war  material,  which  occupied 
and  rapidly  extended  the  means  of  manu- 
facture possessed  by  the  country.  The 
expanded  iron  industry  suffered  a  severe 
collapse  when,  at  the  close  of  the  war, 
not  only  this  demand  ceased,  but  the  re- 
opened ports  admitted  large  quantities 


of  foreign  iron — the  successful  employ- 
ment of  mineral  coal,  the  steam  engine 
and  puddling  having  by  that  time  laid 
the  foundation  of  English  supremacy  in 
the  iron  manufacture. 

The  earliest  copper-mining  company 
of  which  we  find  any  record — according 
to  Prof.  Whitney,  in  his  excellent  work 
on  the  metallic  wealth  of  the  United 
States,  the  earliest  incorporated  mining 
company  of  any  kind — was  chartered  in 
1709,  to  work  the  Simsbury  mines,  at 
Granby,  Conn.  These  mines  were 
abandoned  in  the  middle  of  the  eighteenth 
century,  afterwards  bought  by  the  State 
of  Connecticut,  and  used  as  a  prison  for 
sixty  years.  Mining  was  resumed  in 
them  about  1830,  and  after  a  few  years 
they  were  again  abandoned.  The  ores 
were  mostly  shipped  to  England,  and 
seem  to  have  been  lean.  The  deposit 
belongs  to  the  class  of  irregular  bunches, 
nodules,  seams,  or  limited  beds,  in  the 
New  Red  Sandstone,  near  its  junction 
with  trap.  This  formation  was  the  scene 
in  New  Jersey,  also,  of  early  mining  ac- 
tivity. The  Schuyler  mine,  near  Belle- 
ville, on  the  Passaic,  was  discovered 
about  1719,  and  proved  more  profitable 
to  its  owners  before  the  Revolution  than 
it  ever  has  been  since  that  time,  to  any 
of  the  series  of  individuals  and  compa- 
nies that  have  expended  large  sums  in  its 
development.  In  fact,  the  chief  blessing 
conferred  upon  mankind  by  the  Schuy- 
ler mine  arises  from  the  circumstance 
that  the  first  steam  engine  ever  built 
wholly  in  America  was  constructed  in 
1793-4,  at  the  small  machine  shop  at- 
tached to  the  smelting  works  at  Belle- 
ville, my  father  being  the  pattern-maker 
in  the  party  of  mechanics  sent  out  by 
Boulton  &  Watt  for  the  purpose  of 
erecting  an  engine  for  the  Philadelphia 
Water- works  in  Center  Square.  In  1751 
a.  copper  mine  was  opened  near  New 
Brunswick  ;  and  the  Bridgewater  mine, 
near  Somerville,  was  operated  previous 
to  the  Revolution,  though  even  then,  it 
is  said,  with  much  loss  of  capital.  New 
Jersey's  record  in  copper-mining  is  not  a 
cheerful  one  ;  but  her  unsurpassed 
ranges  of  iron  ores  may  well  console  her. 
Betrayed  by  the  ti'eachery  of  Triassic 
and  trap,  she  can  flee  to  the  shelter  of 
the  crystalline  schists.  Pennsylvania 
was  not  without  her  copper-mining  in 
the  colonial   period,    the   Gap  mine,  in 
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Lancaster  County,  having  been  opened 
in  1732. 

Already  during  the  colonial  period  the 
first  red  gleams  of  the  future  glory  of 
the  Lake  Superior  mines  had  appeared. 
The  intrepid  Jesuit  fathers,  Marquette 
and  others,  who  penetrated  the  wilder- 
ness from  Acadia  to  the  Gulf,  to  carry 
both  the  Cross  of  their  religion  and  the 


Lilies  of  their  Sovei 


eign, 


had  made  ex- 


tensive explorations  on  the  Upper  Penin- 
sula, and  published  glowing  accounts  of 
the  abundance  of  copper,  to  which  later 
travelers  added  legends  of  gold  and 
precious  stones.  Before  them,  the  Indian 
tribes,  whose  stone  tools  now  furnish 
subjects  of  inquiry  to  the  Archeologist, 
had  wrought  rudely  upon  the  deposits 
which  nature  had  left  in  a  condition  so 
exceptionally  pure  as  not  to  need,  for 
the  production  of  limited  amounts  of 
metal,  the  intervention  of  metallurgical 
processes.  The  first  recorded  mining 
operations  on  the  part  of  white  men 
were  those  of  Alexander  Henry,  near 
the  Forks  of  the  Ontonagon,  in  1771. 
As  is  well  known,  however,  the  active 
development  of  this  region  dates  from 
the  publication  of  Houghton's  Geological 
Report,  in  1841,  and  the  extinguishment 
of  the  Chippewa  title  by  the  treaty  of 
1843. 

Lead  mining  in  this  country  may  also 
claim  an  ancient  origin — as  we  reckon 
antiquity.  As  early  as  1651,  Governor 
John  Winthrop  received  his  famous 
license  to  work  any  mines  of  "  lead, 
copper,  or  tin,  or  any  minerals  as  anti- 
mony, vitriol,  black-lead,  alum,  salt, 
salt-springs,  or  any  other  the  like,"  and 
"  to  enjoy  forever  said  mines,  with  the 
lands,  woods,  timber,  and  water  within 
two  or  three  miles  of  said  mines."  As 
he  received  also  a  special  grant  of  mines 
or  minerals  in  the  neighborhood  of  Mid- 
dletown,  Conn.,  it  is  not  unlikely  that 
the  old  Middletown  silver-lead  mine,  the 
date  of  the  discovery  of  which  is  not 
precisely  known,  was  opened  by  him  or 
his  successors.  The  nickel  and  cobalt 
mines  near  Chester,  in  Connecticut, 
once  held  to  be  very  promising  deposits, 
are  also  believed  to  have  been  originally 
worked  by  Governor  Winthrop  ;  but 
nickel  was  not  valuable  in  those  days  ; 
and  the  lead  and  copper  in  these  ores  do 
not  seem  to  have  been  abundant.  Un- 
fortunately, now  that  nickel  and  cobalt 


are  so  valuable  as  to  repay  amply  the 
cost  of  extracting  them  when  they  are 
present  in  a  small  percentage  only,  these 
Connecticut  ores  no  longer  correspond 
(if  indeed  they  ever  did)  to  the  analysis 
and  accounts  formerly  given  as  to  their 
niccoliferous  character. 

The  old  Southampton  silver-lead  mine, 
in  Massachusetts,  well  known  to  miner- 
alogists, was  commenced  in  1765,  by 
Connecticut  adventurers  ;  but  its  opera- 
tions were  suspended  by  the  Revolution- 
ary war.  Lead  mines  in  Columbia  and 
Dutchess  Counties,  N.  Y.,  were  also 
worked  at  an  early  period ;  and,  no 
doubt,  all  over  the  country  occupied  or 
controlled  during  the  war  by  the  Ameri- 
can forces,  there  were  small  and  desul- 
tory surface  operations,  furnishing  lead 
for  the  use  of  the  army. 

The  Indians  inhabiting  the  Mississippi 
Valley  before  the  advent  of  the  whites 
probably  did  not  understand  the  metal- 
lurgy of  lead.  Galena  has  been  found  in 
the  Western  mounds,  but,  it  is  said,  no 
lead.  In  1700  and  1701  Pere  Le  Sueur 
made  his  famous  voyage  up  the  Mis- 
sissippi, discovering,  as  he  claimed, 
many  lead  mines.  Led  mining  was  be- 
gun in  Missouri  in  1720,  while  that 
country  belonged  to  France,  and  under 
the  patent  granted  to  Law's  famous  Mis- 
sissippi Company.  Mine  la  Motte,  named 
after  a  mineralogist  who  came  over  with 
Renault,  the  superintendent,  was  one  of 
the  first  discoveries.  It  has  been  in 
operation  at  intervals  ever  since,  and  is 
now  successfully  managed  by  Mr.  Cogs- 
well, a  member  of  our  Institute,  who 
may  I  think,  truthfully  claim  that  he 
has  charge  of  the  oldest  mining  enter- 
prize  still  active  in  the  United  States. 
The  ores  yield  a  small  percentage  of 
nickel  and  cobalt,  as  well  as  lead. 

It  was  in  1788  that  Dubuque  obtained 
from  the  Indians  the  grant  under  which 
he  mined  until  the  year  of  his  death, 
where  the  city  now  stands  which  bears 
his  name.  The  land  was  subsequently 
ceded  to  the  United  States  by  the  Indi- 
ans, and  the  representatives  of  Dubuque 
were  forcibly  ejected. 

Such,  then,  was  the  condition  of  our 
mining  industry  at  the  commencement 
of  our  national  existence.  We  occupied 
but  a  strip  of  territory  on  the  Atlantic  ; 
and  even  in  that  limited  area  we  had 
scarcely  learned  the  nature  and  extent 


A   CENTURY   OF   MINING   AND   METALLURGY. 


319 


of  the  mineral  resources  to  be  utilized. 
Anthracite  and  petroleum,  quicksilver 
and  zinc,  were  unknown  as  treasures 
within  our  reach.  The  rapid  extension 
of  possession,  government,  population, 
and  industry  over  plains  and  mountains 
to  the  Pacific,  which  has  been  effected 
in  a  hundred  years,  is  but  the  type  of  a 
conquest  and  progress  which  has  ad- 
vanced with  equal  rapidity  in  every 
part  of  human  labor,  and  nowhere  more 
notably  than  in  the  departments  of 
mining  and  metallurgy.  The  tables 
which  Dr.  Raymond  has  prepared 
show  that  this  country  has  produced 
during  the  century  ending  with  1875,  of 
gold,  about  66,680,000  troy  ounces, 
worth  about  $1,332,700,000  ;  of  silver, 
about  201,300,000  troy  ounces,  worth 
about  $261,450,000  ;  of  quicksilver,  840,- 
000  flasks,  or  64,206,000  pounds  avoirdu- 
pois ;  of  copper,  200,000  tons  ;  of  lead, 
855,000  tons  ;  of  pig-iron,  40,000,000 
tons  ;  of  anthracite  coal,  351,521,423 
tons  (the  ton  in  all  these  cases  being 
2240  pounds  avoirdupois)  ;  and  of  petro- 
leum, 76,594,600  barrels.  The  product 
of  these  leading  industries  for  the  year 
1875  were  :  gold,  $33,400,000  ;  silver, 
$41,400,000  ;  quicksilver,  53,706  flasks  ; 
copper,  15,625  tons  ;  lead,  53,000  tons  ; 
pig-iron,  2,108,554  tons  ;  zinc,  about 
15,000  tons  ;  anthracite,  20,643,509  tons  ; 
bituminous  coal,  about  26,000,000  tons  ; 
petroleum,  8,787,506  barrels. 

In  order  that  a  clear  idea  may  be 
formed  as  to  the  relative  position  now 
held  by  the  United  States  in  the  world 
of  mining  and  metallurgy,  I  have  select- 
ed the  production  of  coal,  which  is  the 
main  reliance  for  power  of  all  organized 
industry,  and  of  iron,  which  is  the  chief 
agent  of  civilization,  as  the  basis  of  com- 
parison with  other  nations,  using,  so  far 

Tons.  Per  cent. 

Great  Britain 127,016,747  46.4 

United  States.... 50,512,000  -18.4 

Germany 45,335,741  16.5 

France 17,400,000  6.4 

Belgium 17,000,000  6.2 

Austria  and  Hungary.  11,000,000  4.0 

Russia 1,200,000  0.5 

Spain 570,000  0.2 

Portugal 18,000  — 

Nova  Scotia 1,051,567  0.4    ' 

Australia 1,000,000  0  4 

India 500,000  0.2 

Other  countries 1,000,000  0.4 

Total 273,704,055      100.0 


as  coal  is  concerned,  the  figures  given  in 
the  4 2d  Annual  Report  of  the  Philadel- 
phia Board  of  Trade,  for  the  year  1873*. 

The  following  estimate,  in  round  num- 
bers, of  the  world's  present  production 
of  iron  is  taken  from  various  sources, 
and  may  be  considered  approximately 
correct.  The  figures  for  Great  Britain 
and  France  are  those  of  1874,  and  the 
product  of  the  United  States  for  the 
same  year  has  been  taken.  For  other 
countries  the  estimates  are  principally  for 
1871  or  1872,  except  Austria  and  Hun- 
gary, for  which  the  official  returns  for 
1873  have  been  taken. 

The  quantities  are  given  in  tons  of 
2,240  pounds  : 

Per  cent. 

Great  Britain 5,991,000  45.2 

United  States 2,401,000  18.1 

Germany 1,600,000  12.1 

France 1,360,000  10 . 3 

Belgium 570,000  4.3 

Austria  &  Hungary      365,000  2.7 

Russia 360,000  2.7 

Sweden  &  Norway .      306,000  2 . 3 

Italy 73,000  0.5 

Spain 73,000  0.5 

Switzerland 7,000  — 

Canada 20,000  0.2 

South  America 50,000  0.4 

Japan 9,000  0.1 

Asia 40,000  0.3 

Africa 25,000  0.2 

Australia 10,000  0 . 1 

13,260,000      100.0 

An  examination  of  these  tables  will 
serve  to  show  that  in  the  products  which 
measure  the  manufacturing  industry  of 
nations,  Great  Britain  stands  first  and 
the  United  States  second  on  the  roll, 
and  there  is  a  clear  and  almost  identical 
relation  between  the  product  of  coal  and 
the  product  of  iron.  The  United  States 
now  produces  as  much  coal  and  iron  as 
Great  Britain  yielded  in  1850.  We  are 
thus  gaining  steadily  and  surely  upon 
our  great  progenitor,  and  in  the  nature 
of  things,  as  the  population  of  this 
country  grows,  must,  before  another 
century  rolls  around,  pass  far  beyond  her 
possible  limits  of  production,  and  be- 
come the  first  on  the  international  list, 
because  we  have  the  greatest  geographi- 

*  I  wish  to  acknowledge  for  these  and  other  figures 
relating  to  coal,  my  obligations  to  Mr.  E.  P.  Rothwell, 
who  has  freely  placed  at  my  disposal  the  very  extensive 
and  elaborate  compilations  of  statistics  which  are  to 
form  the  basis  of  an  exhaustive  paper  by  his  experienced 
hand  on  that  subject. 
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cal  extent,  and  our  natural  resources  are 
upon  so  vast  a  scale  that  all  the  coal  area 
of  all  the  rest  of  the  world  would  only 
occupy  one-fourth  of  the  space  in  which, 
within  our  borders,  are  stored  up  the  re- 
serves of  future  power. 

In  a  hundred  years,  we  have  thus 
reached  a  point  at  which  for  coal,  iron, 
gold,  silver,  copper,  lead,  and  zinc,  we 
are  independent  of  the  world,  with 
abundant  capacity  to  supply  as  well  our 
growing  wants,  as  to  export  these  bless 
ings  of  civilization  to  other  and  less  fa- 
vored lands,  as  soon  as  our  labor  and 
our  legislation  are  adjusted  to  the  condi- 
tions which  will  enable  us  to  compete  in 
foreign  markets.  One  hundred  years 
ago  we  proclaimed  our  political  inde- 
pendence, and  we  maintained  it  by  force 
of  arms  ;  we  are  now  in  a  position  to 
proclaim  our  industrial  and  commercial 
independence,  and  maintain  it  by  the 
force  of  peaceful  agencies  against  friend- 
ly competition. 

A  striking  view  of  this  prosperous  de- 
velopment is  presented  by  the  magnifi- 
cent mineral  collection  under  the  charge 
of  Prof.  Blake,  in  the  Government  build- 
ing at  the  neighboring  Exposition — a 
lection  which  constitutes  the  first  worthy 
National  Museum  of  Mining  and  Metal- 
lurgy. 

Never  was  a  century  of  free  govern- 
ment celebrated  under  such  favorable 
conditions;  never  was  free  government 
so  justified  by  the  material  results  it  has 
produced.  But  let  us  not  conceal  from 
ourselves  the  fact  that  mere  growth  in 
wealth,  m>re  development  in  industry, 
mere  increase  in  population  are  not  the 
best  evidences  of  national  greatness ; 
and  unless  our  progress  in  art,  learning, 
morals,  and  religion  keeps  pace  with  our 
material  growth  we  have  cause  rather 
for  humiliation  than  for  glorification. 

"  Whatsoever  things  are  true,  whatso- 
ever things  are  honest,  whatsoever  things 
are  just,  whatsoever  things  are  pure, 
whatsoever  things  are  lovely,  whatsoever 
things  are  of  good  report,"  constitute 
the  real  glory  of  a  nation,  without  which 
the  magnificent  material  structure  which 
in  a  century  we  have  reared,  will  disap- 
pear "  like  the  baseless  fabric  of  a  vi- 
sion." 

In  a  hundred  years,  as  I  have  said,  we 
have  reached  a  point  at  which,  for  every 
one  of  the   minerals  and  metals  named, 


we  are  independent  of  the  world,  having 
the  capacity  to  supply  our  own  growing 
domestic  demand,  and  also  to  export  to 
foreign  lands. 

It  is  not  my  purpose  to  trace  in  detail 
the  steps  by  which  this  degree  of  pro- 
gress has  been  achieved.  The  narration 
of  successive  events  alone,  without  any 
discussion  of  underlying  causes  and  ac- 
companying effects,  would  consume  far 
more  time  than  I  could  command.  So 
far  as  the  leading  epochs  of  the  history 
are  concerned,  I  think  they  may  be  fair- 
ly summed  up  in  the  following  mere 
catalogue  : 

1.  First  of  all,  must  be  named  the 
erection  in  Philadelphia,  in  1794,  of  the 
first  steam  engine  in  America.  We  cele- 
brate this  year  the  centennial  anniver- 
sary of  a  greater  power  than  the  United 
States  of  America — a  wider  revolution 
than  our  War  of  Independence.  It  was 
in  1776  that  James  Watt  presented  to 
the  world  the  perfected  steam  engine,  all 
the  improvements  of  which  since  his  day 
are  not  to  be  compared  with  those  which 
he  devised  upon  the  rude  machines  of 
his  predecessors.  In  one  hundred  years, 
the  steam  engine  has  transformed  the 
face  of  the  world  and  affected  to  its  re- 
motest corners  the  condition  of  the  hu- 
man race.  Few  changes  have  been  so 
profound;  not  one  in  history  has  been  so 
rapid  and  amazing.  With  reference  to 
the  special  subject  now  under  considera- 
tion, if  I  were  asked  what  elements  had 
most  to  do  with  the  swift  progress  of 
our  country,  I  should  answer,  freedom 
and  the  steam  engine.  But  deeper  even 
than  any  organized  declarations  or  out- 
ward forms  of  freedom  lies  the  influence 
of  the  steam  engine,  which  has  been 
from  the  clay  of  its  birth,  in  spite  of 
laws  and  dynasties,  and  all  accidents  of 
history,  the  great  emancipator  of  man. 

2.  Gold  Mining  in  the  South. — Al- 
ready Jefferson,  in  his  Notes  on  Virginia, 
mentioned  the  finding  of  a  lump  of  gold 
weighing  seventeen  pennyweights,  near 
the  Rappahanock;  and,  about  the  begin- 
ning of  this  century,  the  famous  Cabar- 
rus nugget,  weighing  twenty-eight  lbs., 
was  discovered  at  the  Reed  Mine,  in 
North  Carolina.  But  the  great  gold  ex- 
citement in  the  south  followed  the  dis- 
coveries in  Georgia,  from  1828  to  1830. 
The  maximum  of  production  (probably 
never  more   than    $600,000  in  any   one 
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year)  was  from  1828  to  1845,  since  which 
time  it  has  declined  into  insignificance, 
though  a  few  enterprises,  both  in  hy- 
draulic and  quartz  mining,  are  now  ac- 
tively prosecuted. 

3.  The  Opening  of 'Ihe  Anthracite  Coal 
Fields  and  the  use  of  Anthracite  in  the 
Blast  Furnace. — The  first  of  these  events 
practically  dates  from  the  year  1820,  al- 
though some  anthracite  found  its  way  to 
market  much  earlier,  and  the  second 
from  the  year  1839.  The  latter  was  fol- 
lowed by  the  development  of  the  vast 
anthracite  iron  industry,  which  has  con- 
tributed so  mnch  to  the  prosperity  of 
Pennsylvania.  The  connection  between 
anthracite  and  civilization  was  long  ago 
pointed  out  by  Sir  Charles  Lyell,  in  con- 
nection with  his  visit  to  this  country, 
when  he  observed  in  this  State,  and  in  this 
very  city  where  we  now  stand,  the  strange 
phenomenon  of  a  vast  manufacturing 
population,  dwelling  in  neat  houses  and 
able  to  keep  themselves  and  their  houses 
clean.  This  smokeless  fuel  is  a  great 
moral  and  aesthetic  benefactor.  It  has 
also  proved  specially  useful  in  metal- 
lurgy— one  process  at  least,  the  Ameri- 
can zinc-oxide  manufacture,  being  im- 
practicable without  it ;  and  in  war  no 
one  will  deny  its  superiority  who  remem- 
bers how  our  cruisers  burning  anthracite, 
and  hence  not  traceable  at  sea  by  their 
smoke,  were  able  to  spy  and  pursue  the 
blockade-runners,  whose  thick  clouds  of 
escaping  bituminous  smoke  betrayed 
them.  Some  further  observations  con- 
cerning the  production  of  anthracite,  its 
control  and  management  will  be  appro- 
priate under  another  head  of  my  re- 
marks. 

4.  The  Use  of  Haw  Bituminous  Coal 
in  the  Blast  Furnace. — This  was  intro- 
duced in  1845. 

5.  The  Development  of  the  Copper 
Mines  of  Lake  Superior,  beginning  in 
1845,  and  increasing  slowly  but  steadily 
to  1862,  when  about  eight  thousand  tons 
of  ingot  copper  were  produced  ;  then 
declining  for  some  years,  to  recover  in 
1868  and  1869  its  lost  ground,  and  since 
the  latter  year,  by  reason  of  the  great 
production  of  the  Calumet  and  Hecla 
Mine,  to  attain  an  unprecedented  yield. 
The  copper  production  for  the  United 
States  show  that  our  present  product  is 
not  far  from  sixteen  thousand  tons,  of 
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which    three-fourths   must   be   credited 
to  the  Lake  Superior  mines. 

6.  The  Discovery  of  Gold  in  Cali- 
fornia, in  1848,  or  rather  its  rediscovery, 
since  it  had  been  previously  known  to 
both  the  natives  and  the  Jesuit  mission- 
aries, and  also  to  hunters  and  trappers. 
The  wonderful  direct  and  indirect  results 
of  this  event  have  been  too  often  the 
theme  of  orators,  historians  and  political 
economists  to  need  a  further  description 
from  me.  Its  direct  result  in  the  way  of 
mining  was  the  rapid  exploration  of  the 
Western  territories  by  eager  prospectors, 
and  the  successive  development  of  placer- 
mines  in  nearly  all  of  them.  It  is  diffi- 
cult to  fix  the  dates  of  these  beginnings; 
but  we  may  assume  with  sufficient  accu- 
racy that  coal  mining  practically  began 
in  Oregon  in  1852,  in  Arizona  in  1858, 
in  Colorado  in  1859,  in  Idaho  and  Mon- 
tana in  1S60.  With  the  completer  ex- 
ploration of  the  country  and  the  decline 
of  the  placer-mines,  stampedes  have 
grown  less  frequent  and  extensive  than 
in  the  earlier  days.  There  is  scarcely 
any  corner  of  the  country  left,  except 
the  Black  Hills  of  Dakota,  which  has 
not  been  ransacked  sufficiently  to  show 
whether  it  contains  extensive  and  valua- 
ble placer  deposits  ;  and  those  districts 
which  presents  accumulations  of  gold  in 
such  a  way  as  to  offer  returns  immediate- 
ly to  labor  without  capital  have  been  al- 
ready overrun.  The  principal  reliance 
of  our  gold-mining  industry  for  the  fu- 
ture must  be  quartz  and  hydraulic  or 
deep  gravel  mines.  These  may  be  ex- 
pected to  maintain  for  years  to  come 
their  present  rate  of  production,  if  not 
to  increase  it.  In  the  gold  production 
there  is,  it  is  true,  a  falling  off  of  late 
years;  but  this  is  to  be  attributed  to  the 
placer-mines. 

7.  The  Commencement,  about  1851, 
of  Regular  Mining  Operations  at  the 
New  Almaden  Quicksilver  Mine,  in 
California. — The  production  of  this 
metal  in  the  United  States  has  been 
thus  far  confined  to  the  State  of  Cali- 
fornia ;  and  it  will  be  seen  from  the 
production  of  the  New  Almaden  mine, 
that  it  has  always  furnished  a  large, 
though  of  late  a  waning,  proportion  of 
the  grand  total  for  the  country. 

8.  The  middle  of  the  nineteenth  cen- 
tury was  crowded  with  important  events 
in   metallurgy    and   mining.     It  was  in 


322 


van  nostrand's  engineering  magazine. 


1856  that  Mr.  Bessemer  read  his  paper 
at  the  Cheltenham  meeting  of  the  British 
Association  for  the  Advancement  of 
Science,  which  inaugurated  for  both  con- 
tinents the  age  of  steel.  Within  sixty 
days  after  that  event  an  experimental 
Bessemer  Converter  was  in  readiness  at 
the  furnaces  of  Cooper  &  Hewitt,  at 
Phillipsburgh,  New  Jersey.  But  the  ex- 
periment was  not  carried  far  enough  to 
demonstrate  the  value  of  the  newly-pro- 
posed process,  and  it  was  left  to  the  late 
John  A.  Griswold  and  his  associates  to 
introduce  and  perfect  this  wonderful 
method  in  the  United  States.  I  speak 
more  briefly  on  this  point  than  its  far- 
reaching  importance  deserves;  but  in  the 
presence  of  one  whose  acquaintance  with 
it  is  so  profound,  and  whose  services  in 
relation  to  it  have  been  so  brilliant  as 
those  of  our  honored  President,  Mr. 
Holley,  and  of  so  many  gentlemen  as  I 
see  before  me  who  are  worthily  asso- 
ciated with  him  in  his  glorious  history, 
I  could  afford  to  be  silent  altogether. 

9.  The  Commencement  of  the  Hy- 
draulic Mining  Indilstry. — The  position 
of  the  auriferous  slates  and  quartz  veins, 
on  the  west  flank  of  the  Sierra,  with  the 
precipitous  mountains  behind  them,  and 
the  broad  plain  before,  has  favored  ex- 
ceptionally the  formation  of  deep  auri- 
ferous gravels  in  which  California  far 
exceeds  any  other  known  region.  And 
the  same  topographical  features  furnish 
the  two  other  prime  requisites  of  hy- 
draulic mining,  namely,  an  abundant 
supply  of  water  and  a  sufficient  grade  of 
descent  to  permit  the  use  of  flumes  and 
the  escape  of  tailings.  These  advan- 
tages the  keen-witted  miners  of  the  Pa- 
cific coast  were  quick  to  make  available; 
and  I  think  we  may  set  down  the  inven- 
tion of  hydraulic  mining,  which  occurred, 
I  believe,  about  1853,  as  an  epoch  in  the 
progress  of  American  mining.  It  has 
given  us  an  entirely  new  and  original 
branch  of  the  art,  involving  many  in- 
genious hydrodynamic  and  hydrostatic 
contrivances;  and  it  has  certainly  made 
possible  the  exploitation  of  thousands 
upon  thousands  of  acres  of  auriferous 
gravel  which  could  not  have  been  profit- 
ably handled  in  any  other  way.  The 
mountain  torrents  of  the  Sierra,  caught 
on  their  way  to  the  Pacific,  have  been 
forced  to  pause  and  do  the  work  of  man, 
The  same  agencies  that  buried  the  gold 


among  the  clay  and  pebbles  of  the  river 
beds  are  now  made  to  strip  the  covering 
from  it  and  lay  it  bare  again.  The  hy- 
draulic mines  produce,  at  present,  not 
less  than  $  10,000,000  or  $  12,000,000  an- 
nually; and  many  enterprises  of  this 
kind  which  have  been  prosecuted 
through  years  of  expensive  preparation, 
and  are  now  just  beginning  to  touch 
their  harvests  of  profits,  will  add  hence- 
forward to  the  product.  I  may  mention 
as  an  illustration,  the  extensive  opera- 
tions of  the  North  Bloomfield  and  its 
two  allied  companies  in  California,  which 
have  expended  in  works  $  3,500,000,  and 
will  have  six  deep  tunnels,  aggregating 
over  20,000  feet,  and  canals  supplying 
100,000,000  gallons  of  water  daily. 

10.  We  must  turn  for  a  moment  to  the 
East  again,  to  note  the  commencement 
of  iron  mining  at  Lake  Superior,  about 
the  year  1856.  The  extraordinary  pure 
and  rich  ores  of  the  upper  peninsula  of 
Michigan  now  find  their  way,  to  the  ex- 
tent of  a  million  of  tons  per  annum,  in 
fleets  of  vessels  across  the  lakes  to  Cleve- 
land, and  are  thence  distributed  to  the 
furnaces  of  Ohio  and  Pennsylvania. 
The  similarly  pure  Missouri  ores  have 
built  up  in  like  manner  their  own  mar- 
ket. 

11.  The  next  great  event  in  the  history 
of  American  mining  was  the  discovery, 
in  1859,  that  the  Comstock  lode  was  rich 
in  silver.  This  opened  an  era  of  activity 
and  speculation  which  has  scarcely 
ceased  since  that  time.  Single  districts 
have  been  subjected  to  fluctuating  ex- 
periences, passing  from  the  first  enthu- 
siasm through  all  the  stages  of  hope  to 
reaction  and  despair;  but  though  the 
fortunes  of  each  have  risen  and  fallen 
like  the  changing  tide,  it  has  nearly  al- 
ways been  high  water  somewhere.  Thus 
we  have  had  a  succession  of  favorites  in 
the  way  of  silver-mining  districts,  each 
one  crowding  its  predecessor  out  of  the 
public  notice.  Of  these,  the  following 
list  includes  the  most  permanently  pro- 
ductive :  In  Nevada,  the  Unionville, 
Reese  River,  Belmont,  White  Pine, 
Eureka,  Esmeralda,  and  Pioche  districts; 
in  California,  the  argentiferous  district 
of  Inyo  County;  in  Idaho,  the  Owyhee 
district;  in  Utah,  the  Cottonwood  and 
Bingham  districts;  in  Colorado,  the  sil- 
ver districts  of  Clear  Creek,  Boulder, 
and   Summit  Counties,  to  which  the  lat- 
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est  favorite,  the  San  Juan  region,  may 
be  added.  I  have  named  those  localities 
in  which  mining  industry  is  still  active 
and  flourishing.  There  is  a  longer  and 
a  sadder  list,  the  funereal  effect  of  which 
I  will  not  intrude  upon  this  festive  oc- 
casion. But  it  ought  to  be  remarked, 
that  the  apparent  failure  and  abandon- 
ment of  many  districts  heretofore  does 
not  argue  their  lack  of  prospective  value. 
It  is,  on  the  contrary,  amazing  that 
under  the  adverse  conditions  surrounding 
the  industry  of  mining  in  regions  "  re- 
mote, unfriended,  solitary," — though  not 
"slow" — so  many  communities  should 
have  succeeded  in  taking  permanent  root. 
Too  much  is  expected  of  this  industry 
when  it  is  required  to  supply  the  lack  of 
labor,  food,  transportation,  government, 
and  the  organized  support,  which  in  set- 
tled societies  all  the  trades  and  occupa- 
tions give  to  each  other.  Pioneer  work 
is  full  of  peril  and  of  waste;  and  in  view 
of  the  wonderful  results  achieved  by  our 
pioneers  in  mining,  it  ill  becomes  us  to 
sneer  at  the  losses  and  failures  which 
constitute  the  inevitable  cost  of  such 
conquests.  When  the  battle  has  been 
gloriously  won,  and  the  spoils  of  victory 
are  ours,  we  do  not  greatly  mourn  over 
the  number  of  bullets  that  may  have 
been  fired  in  vain. 

But  through  all  the  vicissitudes  of  sil- 
ver mining  in  other  districts,  the  Corn- 
stock  mines  have  maintained  their  place, 
an  instance  of  rapid  exploitation,  and  of 
aggregated  wealth  of  production  unex- 
ampled in  history.  Here,  too,  there 
have  been  intervals  of  <f ailing  hope;  but 
a  new  bonanza  has  always  made  its  ap- 
pearance before  the  resources  at  hand 
were  entirely  exhausted;  and  we  have 
seen  extracted  from  the  ores  of  this  one 
vein,  during  the  past  fifteen  years,  the 
round  sum  of  $200,000,000  in  gold  and 
silver.  Dr.  Raymond,  assumes  the  pro- 
duct of  gold  to  have  been  (on  the  au- 
thority of  Mr.  Hague)  about  forty  per 
cent,  of  the  entire  value.  We  have, 
therefore,  from  the  Comstock  mines  dur- 
ing the  period  named,  $80,000,000  gold, 
and  $120,000,000  silver. 

The  swift  development  of  these  mines, 
and  the  active  commencement,  about  the 
same  time,  of  deep  quartz  mining  oper- 
ations in  California,  led  to  a  remarkable 
progress  in  mining  machinery,  and  to 
the  perfection  of  two  distinctively  Amer- 


ican processes.  I  refer  to  the  California 
stamp  mill  and  amalgamation  process  for 
gold,  and  the  Washoe  pan-process  for 
silver.  Neither  of  these  is  so  novel  in 
principle  as  the  hydraulic  process  of  gold 
mining  already  mentioned;  but  both  of 
them  have  received  the  peculiar  impress 
of  an  ingenuity  and  mechanical  skill, 
partly  innate  in  our  national  character, 
and  partly  the  product  of  the  stern 
pressure  of  economic  necessities.  Into 
the  fruitful  field  of  further  metallurgical 
improvements  born  of  our  Wettern  min- 
ing industry — or  adopted  by  it — such  as 
the  Blake  rock-breaker,  the  Stetefeldt 
roasting  furnace,  the  Bruckner  cylinder, 
the  Plattner  chlorination,  and  many 
others  less  widely  known,  I  cannot  enter 
here.  Our  people  have  advanced  in  this 
line  with  headlong  energy,  and  accom- 
plished great  results — at  great  expense. 
Much,  undoubtedly,  remains  to  be  done; 
and  it  may  be  hoped  that  future  progress 
will  be  equally  rapid  but  less  costly. 
The  introduction,  three  or  four  years 
ago,  of  the  smelting  processes  of  Europe 
for  the  treatment  of  the  silver  ores  of 
the  West,  is  a  striking  and  encouraging 
instance  of  the  quickness  of  our  mining 
communities  to  seize  upon  the  advant- 
ages of  experience  elsewhere,  as  soon 
as  they  are  brought  to  notice.  The  ig- 
norance which  has  led  to  many  disasters 
in  such  enterprises,  was  not  voluntary 
or  obstinate.  Give  our  people  light,  and 
they  do  not  keep  their  eyes  shut.  I  am 
assured  that  already  the  smelting  works 
of  the  West  present  many  features  of 
interest  and  suggestiveness  even  to  the 
study  of  our  skillful  colleagues  from 
abroad. 

12.  I  may  be  permitted,  in  closing  this 
imperfect  review,  to  refer  to  the  great 
improvements  in  mining  machinery,  in 
rock-drilling,  in  explosives,  in  the  use  of 
gaseous  fuel,  in  the  construction  and 
management  of  blast  furnaces,  puddling 
furnaces,  rolling  mills,  and  other 
branches  of  the  iron  manufacture,  which 
have  crowded  upon  us  during  the  last 
ten  years.  It  is  impossible  here  to  give 
even  an  enumeration  of  them  which 
shall  do  them  justice.  They  have  been 
worthily  commemorated  in  many  papers 
before  the  Institute.  With  regard  to 
one  of  them,  the  Martin  process  for  the 
manufacture  of  open-hearth  steel,  I  may 
*speak  with   some   personal  satisfaction, 
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since  I  had  the  privilege  of  introducing 
it  into  this  country,  after  studying  its 
merits  in  1867  abroad.  I  am  convinced 
that  it  has  a  great  future,  as  the  ally,  if 
not  the  rival,  of  the  Bessemer  process. 

Returning  now  to  the  contemplation 
of  the  general  field  over  which  we  have 
passed,  we  may  inquire  what  the  Gov- 
ernment of  the  United  States  has  done, 
with  regard  to  the  mining  industry. 
Other  nations  have  elaborate  mining 
codes  and  bureaus  of  administration.  In 
comparison  with  these  the  meagreness  of 
our  governmental  supervision  of  mining 
is  remarkable;  yet,  in  view  of  the  prog- 
ress I  have  sketched,  may  it  not  be  pos- 
sible that  our  system  has  been  on  the 
whole  the  best  for  us  ?  Certainly  a 
complicated  mining  code  like  that  of 
Spain  and  Mexico,  whatever  it  may  have 
brought  to  the  coffers  of  the  State, 
seems  to  have  conferred,  in  centuries  of 
operation,  little  benefit  upon  the  people. 

The  common  law  of  England  is  the 
foundation  of  our  jurisprudence  in  this, 
as  in  so  many  other  respects.  According 
to  that  law,  as  laid  down  in  a  noted  case 
in  the  reign  of  Elizabeth,  all  gold  or 
silver  ores  belonged  to  the  crown, 
whether  in  private  or  public  lands  ;  but 
any  ores  containing  neither  gold  nor  sil- 
ver belonged  to  the  proprietor  of  the 
soil.  Apart  from  the  claims  of  the 
crown,  the  property  in  minerals  is,  ac- 
cording to  the  common  law,  prima  facie 
in  the  owner  of  the  fee  of  the  land,  but 
the  property  in  minerals,  or  the  right  to 
search  for  them,  may  be  vested  in  other 
persons  by  alienation,  prescription,  or 
custom.  Since  the  two  latter  rights  re- 
quire an  origin  beyond  the  time  of  legal 
memory,  they  are  practically  out  of  the 
question  in  this  country.  The  crown 
right  to  the  precious  metals,  as  declared 
in  the  case  referred  to,  was  a  survival  or 
remainder  of  the  royalty  claimed  in  an- 
cient times  by  the  sovereign  over  all 
minerals.  This  sweeping  claim,  born  of 
the  despotisms  of  the  Orient  and  made 
the  subject  of  much  conflict  among  em- 
perors, feudal  lords,  and  municipal  au- 
thorities during  the  middle  ages,  dwin- 
dled at  last  till  it  covered  only  gold  and 
silver.  But  it  disappeared  entirely  from 
English  America,  for  the  simple  reason 
that  there  was  no  private  land  owner- 
ship in  this  country,  and  the  sovereign 
of  England  claimed,  by  right  of  discov- 


ery, soil  and  metals  alike,  barring  only 
the  Indian  title,  which  it  was  his  exclu- 
sive privilege  (or  that  of  his  authorized 
representatives  or  grantees)  to  extinguish, 
After  the  Revolution,  the  United  States 
succeeded  to  the  rights  of  the  British 
crown,  and  by  the  treaty  of  peace  and 
the  subsequent  cessions  by  the  different 
States  of  their  colonial  claims  upon  the 
public  lands,  the  federal  government  be- 
came possessed  of  a  vast  domain  over 
which,  after  extinguishing  the  Indian 
title,  it  had  complete  control.  In  the 
territories  subsequently  acquired  from 
France  and  Spain,  the  United  States  as- 
sumed the  rights  and  obligations  of  those 
sovereigns  ;  and  this  circumstance,  par- 
ticularly in  the  adjustment  of  Spanish 
mineral  and  agricultural  grants,  has 
caused  some  apparent  variations  from 
the  general  policy.  But  it  is  sufficiently 
accurate  to  say  that  at  the  present  time, 
throughout  the  country,  the  owner  of 
the  fee,  or  the  party  who  has  obtained 
from  him  by  lease  or  purchase  the  min- 
eral right,  has  supreme  control.  The 
mining  legislation  of  the  United  States, 
therefore,  is  simply  a  part  of  the  admin- 
istration of  the  public  lands  ;  and  for 
this  reason  it  is  executed  by  the  Com- 
missioner of  the  General  Land  Office. 

In  1807  an  act  was  passed,  relating 
primarily  to  the  lead-bearing  lands  of 
Illinois.  They  were  ordered  to  be  re- 
served from  sale,  and  leased  to  miners 
by  the  war  department.  The  leases 
covered  tracts  at  first  three  miles  square 
(afterward  reduced  to  one  mile),  and 
bound  the  lessee^o  work  the  mines  with 
due  diligence  and  return  to  the  United 
States  6  per  cent,  of  all  the  ores  raised. 
"  No  leases  were  issued  under  this'  law," 
says  Professor  Whitney,  "until  1822, 
and  but  a  small  quantity  of  lead  was 
raised,  previous  to  1826,  from  which 
time  the  production  began  to  increase 
rapidly.  For  a  few  years  the  rents  were 
paid  with  tolerably  regularity  ;  but, 
after  1834,  in  consequence  of  the  im- 
mense number  of  illegal  entries  of  min- 
eral land  at  the  Wisconsin  Land  Office, 
the  smelters  and  miners  refused  to  make 
any  further  payments,  and  the  govern- 
ment was  entirely  unable  to  collect  them. 
After  much  trouble  and  expense,  it  was, 
in  1847  finally  concluded  that  the  only 
way  was  to  sell  the  mineral  land,  and  do 
away  with   all  reserves  of  lead  or  any 
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other  metal,  since  they  had  only  been  a 
source  of  embarrassment  to  the  depart- 
ment." 

Meanwhile,  by  a  forced  construction 
(afterwards  declared  invalid)  of  the 
same  act,  hundreds  of  leases  were  grant- 
ed to  speculators  in  the  Lake  Superior 
copper  region,  which  was,  from  1843  to 
1846,  the  scene  of  wild  and  baseless  ex- 
citement. The  bubble  burst  during  the 
latter  year ;  the  issue  of  permits  and 
leases  was  suspended  as  illegal,  and  the 
act  of  1847,  authorizing  the  sale  of  the 
mineral  lands,  and  a  geological  survey 
of  the  district,  laid  the  foundation  of  a 
more  substantial  prosperity. 

This  policy  of  selling  the  mineral 
lands  has  been  that  of  the  government 
ever  since.  But  it  has  necessarily  been 
modified  in  the  West  by  the  peculiar 
circumstances  under  which  that  region 
has  been  settled.  Before  lands  can  be 
sold  they  must  be  surveyed ;  and  before 
they  can  be  sold  as  mineral  lands,  their 
mineral-bearing  character  must  be  ascer- 
tained. Our  miners  and  explorers  over- 
ran and  occupied  the  Pacific  slope  in  ad- 
vance of  the  public  surveys.  They  built 
cities  that  were  not  shown  on  any  map  ; 
they  cut  timber,  turned  water-courses, 
dug  canals,  tunneled  mountains,  bought 
and  sold  their  rights  to  these  improve- 
ments under  laws  established  by  them- 
selves, and  enforced  by  public  sentiment 
only.  For  nearly  twenty  years  the  gov- 
ernment looked  on,  without  asserting  its 
dominant  ownership  of  the  public  lands; 
and  when  by  the  acts  of  1866,  1870,  and 
1872,  and  other  minor  enactments,  a 
general  system  was  created,  it  was  nec- 
essary to  re*cognize  as  far  as  possible  the 
rights  which  had  grown  up  by  general 
consent,  and  to  seek  only  to  give  to  them 
certainty,  practical  uniformity,  and  rea- 
sonable limitations.  It  is  not  my  purpose 
to  discuss  in  detail  the  mining  laws  of 
the  United  States,  or  to  trace  the  curi- 
ously complicated  origins  of  the  local 
customs  on  which  they  are  largely  based. 
Suffice  it  to  say  that  the  system  recog- 
nizes the  English  common  law  principle, 
that  the  mineral  right  passes  with  the 
fee  to  the  lands  ;  so  that,  in  the  words 
of  the  commissioner  (July  10th,  1873), 
"all  mineral  deposits,  discovered  upon 
land,  after  United  States  patent  therefor 
has  issued  to  a  party  claiming  under  the 
laws  regulating  the  disposal  of  agricul- 


tural lands,  pass  with  the  patent,  and  the 
Land  Office  has  no  further  jurisdiction 
in  the  premises." 

But  the  principle  is  also  recognized 
that  the  mineral  right  may  be  separated 
from  the  fee  by  the  owner,  whether  he 
be  an  individual  or  the  United  States  ; 
and  this  principle  is  curiously  applied  in 
the  form  of  patents  for  mining  claims 
upon  lodes,  which,  following  the  form  of 
the  possessory  title,  grant  to  the  pat- 
entee the  right  to  follow  all  veins,  the 
top  or  apex  of  which  lies  within  the  ex- 
terior boundaries  of  his  claim,  downward 
to  any  depth,  though  they  pass  under 
the  surface  of  the  land  adjoining. 

As  the  size  and  the  price  per  acre  of 
the  tracts  sold  under  the  agricultural 
laws  are  different  from  those  to  which 
the  mining  laws  apply,  and  as,  under 
the  homestead  law,  a  certain  amount  of 
agricultural  land  may  be  obtained  with- 
out any  payment,  it  is  evident,  that  no 
known  mineral  deposits  can  be  acquired 
under  the  agricultural  laws  ;  and  this 
reservation  is  enforced  both  in  the  pre- 
liminary proceedings  and  in  the  patents 
finally  issued  under  those  laws. 

With  regard  to  the  mineral  lands, 
however,  it  is  certain  that  the  patent  for 
a  claim  carries  with  it  both  the  fee  of 
the  land  and  also  a  mineral  right,  though 
not  the  same  mineral  right  as  is  contem- 
plated by  the  common  law  ;  since  it  is 
enlarged  on  the  one  hand  by  the  per- 
mission to  follow  mineral  deposits  be- 
neath the  surface  of  adjoining  land,  and 
limited  on  the  other  hand  by  the  opera- 
tion ^f  the  same  permission  in  favor  of 
the  adjoining  owner.  The  latter  limita- 
tion is  incorporated  in  agricultural  pat- 
ents also,  and  may  become  operative 
whenever  they  adjoin  mining  patents. 

Previous  to  the  application  for  a  pat- 
ent, the  law  permits  free  exploration  and 
mining  upon  the  public  lands  to  all  citi- 
zens and  those  who  have  declared  their 
intention  to  become  such.  The  rights  of 
this  class  of  miners,  under  what  is  known 
as  the  possessory  title,  are  regulated  by 
local  laws  and  customs,  subject  only  to 
a  few  simple  conditions,  which  the  Unit- 
ed States  enforces  upon  all,  and  which 
chiefly  concern  the  maximum  size  of  in- 
dividual claims,  the  definite  character  of 
their  boundaries  and  landmarks,  and  a 
certain  quantity  of  labor  which  must  be 
bestowed  upon  them  annually,  in  order 
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to  maintain  possession.  I  will  not  pause 
to  state  the  different  features  which 
these  conditions  present  for  lode  and 
placer  claims.  It  is  sufficient  to  say  that 
the  miner,  conforming  to  them,  and  thus 
maintaining  his  possessory  title,  may, 
after  a  certain  expenditure,  and  upon 
due  application,  survey,  and  advertise- 
ment, in  the  absence  of  any  valid  oppos- 
ing claim,  perfect  his  purchase  from  the 
Government,  receive  his  patent,  and  be 
thereafter  free  from  the  necessity  of  per- 
forming any  given  annual  amount  of 
labor  to  hold  his  claim.  There  are  feat- 
ures in  the  present  law  concerning  the 
rights  of  prospecting  tunnels  which  seem 
both  obscure  and  unwise ;  and  some 
serious  questions  remain  to  be  settled  as 
to  the  precise  meaning  of  the  law  in 
these  and  other  respects  ;  but  these  we 
must  pass  by. 

Looking  at  the  legislation  on  this  sub- 
ject as  a  whole,  we  see  that  it  is  confined 
to  one  department — that  of  title.  The 
whole  system  is  devised  to  facilitate  the 
purchase  of  the  mines  by  citizens.  They 
are  freely  permitted  to  work  them  ex- 
perimentally, but  it  is'  made  their  inter- 
est to  buy  them.  No  inspection,  no 
police  regulation,  no  technical  control,  is 
exercised  by  the  Government. 

Turning  to  the  State  and  Territorial 
Legislatures,  we  find  that  they  have,  in 
some  cases,  provided  for  inspecting 
mines,  in  the  interest  of  the  safety  of 
workmen.  Perhaps  the  best  law  of  this 
kind  is  that  of  Pennsylvania,  in  which 
State  the  peculiar  perils  of  coal-mining 
have  forced  the  Legislature  to* take 
measures  of  protection.  But  we  find 
nowhere  such  a  technical  control  of  min- 
ing as  is  exhibited  in  many  European 
States,  where  the  government  requires 
of  the  miner  that  he  shall  not  waste 
wantonly  or  ignorantly  the  resources 
which,  once  exhausted,  will  never  grow 
again.  Our  people  waste  as  much  as 
they  like,  and  no  one  interferes.  Ad- 
mitting that  this  is  an  evil,  it  still  re- 
mains a  matter  of  doubt  how  far,  under 
the  circumstances  of  our  particular  case, 
the  supervision  of  authority  could  reme- 
dy it.  For  my  own  part,  though  inclin- 
ed to  restrict  as  far  as  possible  the  func- 
tions of  government,  I  am  not  disposed 
to  say  that  for  so  great  an  end  as  the 
conservation  of  the  mineral  wealth  of  the 
country,    it   may   not   properly   enforce 


some  measures  of  economy,  with  as  good 
right  as  it  may  forbid  the  reckless  waste 
of  timber  or  the  slaughter  of  game  out 
of  season.  But,  in  our  nation,  at  least, 
governmental  interference  is  the  last  re- 
sort, and  a  poor  substitute  for  other 
causes,  which,  in  the  atmosphere  of  free- 
dom and  intelligence,  ought  to  be  effect- 
ive. We  are,  perhaps,  in  our  material 
career,  as  a  nation,  like  the  young  man 
who  has  "  sown  his  wild  oats,"  and  now, 
by  mature  reflection,  and  the  lessons  of 
experience,  is  likely  to  be  better  restrain- 
ed than  by  the  hand  of  parental  au- 
thority. 

Permit  me,  in  drawing  my  remarks  to 
a  close,  to  suggest  two  agencies  which 
seem  to  me  to  be  co-operating  already, 
and  to  open  still  wider  future  prospect, 
for  the  steady,  social  and  economical  im- 
provement of  our  mining  and  metallurgi- 
cal industry. 

The  first  of  these  is  the  spread  of 
knowledge  on  these  subjects  throughout 
the  country.  Under  this  head  we  must 
recognize  the  great  importance  of  that 
series  of  explorations  of  our  great  West- 
ern domain,  which  was  recommended  by 
Mr.  Lincoln,  with  sublime  faith  in  the 
salvation  of  his  country,  in  the  midst  of 
the  civil  war,  and  which  has  been,  by  the 
liberality  of  the  Government,  prosecuted 
under  various  departments  ever  since.  I 
need  hardly  make  special  mention,  in  ad- 
dition, of  the  reports  of  the  Commis- 
sioner of  Mining  Statistics,  which  have 
appeared  annually  since  1866,  and  have 
reflected  upon  our  own  community  the 
light  of  the  gathered  technical  knowl- 
edge of  the  world,  while  they  have  in 
turn  exhibited  to  the  world  the  resources 
and  progress  of  America.  Such  works 
as  these,  together  with  the  technical 
periodicals  and  the  occasional  volumes, 
translated  or  original,  which  have  come 
from  the  American  press,  have  contrib- 
uted already  a  great  deal  to  the  edu- 
cation of  our  mining  communities.  The 
government  has  not  done  too  much  in  this 
direction ;  but  it  seems  to  me  that  it  should 
continue  this  most  necessary  and  proper 
work  in  a  more  systematic  and  uniform 
way.  There  ought  to  be  no  conflict  of 
authorities,  no  duplication  of  work,  no 
unnecessary  expenditure  of  labor  and 
money  in  the  face  of  a  task  so  great. 

Next  in  order,  I  may  rank  the  influ- 
ence of  the  technical  schools.     The  num- 


A   CENTURY   OF   MINING   AND   METALLURGY. 


327 


ber  of  these  has  rapidly  increased  during 
the  past  ten  years  ;  and  I  venture  to  say 
that  many  of  them  compare  favorably, 
in  theoretical  instruction  at  least,  and 
several  of  them  in  the  apparatus  of  in- 
struction, with  the  famous  schools  of  the 
old  world.  The  Massachusetts  Institute 
of  Technology,  at  Boston  ;  the  School  of 
Mines  of  Columbia  College,  at  New 
York  ;  the  Sheffield  Scientific  School  of 
Yale  College,  at  New  Haven  ;  the 
Stevens  Institute  of  Technology,  at  Ho- 
boken  ;  the  Pardee  Scientific  Department 
of  Lafayette  College,  at  Easton  ;  the  ex- 
cellent school  at  Rutgers  College,  under 
the  direction  of  Prof.  Cook  ;  the  new 
Scientific  Department  of  the  College  of 
New  Jersey  ;  the  School  of  Mining  and 
Metallurgy  of  Lehigh  University,  at 
Bethlehem  ;  the  School  of  Mining  and 
Practical  G-eology  of  Harvard  University, 
at  Cambridge  ;  the  Scientific  Depart- 
ment of  the  University  of  Pennsylvania, 
in  this  city  ;  the  School  of  Mines  of 
Michigan  University,  at  Ann  Arbor  ; 
the  Missouri  School  of  Mines  and  Metal- 
lurgy, at  Rolla;  the  Polytechnic  Depart- 
ment of  Washington  University  at  St. 
Louis  ;  and  the  similar  department  of 
the  University  of  California,  at  Oakland  ; 
and  perhaps  some  others  which  I  have 
omitted  to  name — this  is  a  list  of  schools 
for  instruction  in  the  sciences  involved 
in  mining  and  metallurgical  practice,  of 
which  we  need  not  be  ashamed.  What 
our  schools  undoubtedly  need,  is  a  more 
intimate  relation  with  practice.  But 
this  theme  I  need  not  touch.  It  has 
been  ably  and  amply  discussed  at  the 
joint  meeting  last  night  of  the  two  bod- 
ies most  fully  aware  of  all  its  bearings. 

One  more  agency  of  the  speed  of  tech- 
nicalknowledge  deserves  special  mention. 
I  refer  to  the  influence  of  societies  like 
the  Institute  of  Mining  Engineers.  The 
five  years  activity  of  this  Institute  has 
impressed  upon  the  professions  which  it 
represents  a  spirit  of  union,  an  enthusi- 
asm of  progress,  a  mutual  recognition  of 
the  claims  of  theory  and  practice,  which 
cannot  be  too  highly  estimated.  Perfect 
our  schools  as  much  as  we  may,  the  as- 
sociation of  the  young  engineer  with  ex- 
perienced engineers,  the  contact  of  his 
mind  with  mature  minds,  their  recogni- 
tion of  his  merit,  their  correction  of  his 
errors,  constitute  the  necessary  supple- 
ment to  the  school-training.     The  aver- 


age man,  at  least,  should  not  be  left  to 
wrestle  with  his  professional  career  alone. 
He  will  make  better  progress  and  take 
more  pleasure  in  it,  if  he  calls  to  his  aid 
the  element  of  social  sympathy,  and  the 
intellectual  reinforcement  expressed  in 
the  proverb,  "  many  heads  are  better 
than  one." 

One  further  consideration,  and  I  have 
done.  The  effect  of  growing  intelligence 
and  knowledge  in  improving  our  methods 
of  industry  would  come  short  of  some 
great  ends  if  it  operated  only  through 
the  self-interest  of  the  individual. 
Many  reforms  are  beyond  the  power  of 
the  individual  ;  some  are  not  even  to 
his  interest.  Thus  the  miner  under  a 
possessory  title  on  a  gold-bearing  quartz 
vein  in  Colorado  may  know  that  with 
a  greater  investment  of  capital  he  could 
manage  to  reduce  his  losses  of  gold  in 
extraction  ;  but  the  capital  may  be  want- 
ing ;  or,  he  may  know  that  by  robbing 
the  mine  of  its  richest  ores  only,  and  al- 
lowing it  to  cave,  he  is  probably  distroy- 
ing  more  valuable  resources  than  he 
utilizes  ;  but  the  mine  is  only  temporari- 
ly his,  and  he  prefers  quick  gains  to  per- 
manent ones.  So  long  as  the  anthracite 
lands  of  Pennsylvania  were  leased  to 
countless  small  operators,  who  paid 
royalty  only  on  the  coal  which  they  sent 
to  market,  it  was  useless  to  explain  to 
them  that  they  wasted  a  third  of  the 
coal  in  the  ground,  and  another  third  in 
-the  breaker,  or  that  they  ruined  thou- 
sands of  acres  of  coal-beds,  overlying 
those  which  they  recklessly  worked.  If 
there  were  no  natural  remedy  for  this 
wicked  waste  of  the  reserved  force  upon 
which  the  future  prosperity  and  comfort 
of  mankind  depend,  it  would  be  the 
highest  duty  of  Government  promptly 
to  take  into  its  own  hands  the  direction 
and  management  of  the  mines  of  coal 
which  society  holds  in  trust  for  the  fu- 
ture ;  but  already  it  is  easy  to  detect  the 
operation  of  a  new  social  law  developed 
within  the  memory  of  man,  yet  the  fruit 
of  the  preparation  of  the  ages  during 
which  society  has  been  slowly  built  up, 
and  matured  into  its  present  form  and 
conditions. 

To  the  philosophic  observer,  the  con- 
trolling law  which  runs  through  the 
whole  history  of  man,  down  to  the 
present  century,  is  the  law  of  dispersion, 
diffusion,    distribution,   the     centrifugal 
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social  force,  so  to  speak,  which  by  its  ir- 
resistible power  has  tended  not  merely 
to  scatter  mankind  over  the  face  of  the 
habitable  globe,  but  through  what  are 
termed  civilizing  and  Christianizing 
agencies  to  place  communities  and  indi- 
viduals upon  the  common  plane  of  equal 
rights  in  the  domain  of  nature  and  be- 
fore the  law. 

From  the  time  of  the  confusion  of 
tongues  at  the  tower  of  Babel,  through 
the  long  history  of  the  early  Oriental 
Empires,  which  reduced  society  to  the 
rule  of  order  and  then  broke  up  into 
fragmentary  political  organizations,  re- 
taining, nevertheless,  the  principles  of 
cohesion  acquired  by  bitter  experience; 
through  the  Greek  and  Roman  imperial 
political  stuctures  upon  which  were  in- 
grafted the  civilization  and  the  religion 
which  their  downfall  made  the  common 
heritage  of  the  northern  barbarians  who 
came  for  destruction,  but  were  them- 
selves transformed  into  tjie  apostles  of  a 
more  liberal  and  enlightened  social  or- 
ganization, this  law  of  dispersion  has 
never  ceased  to  exercise  its  power  and  its 
supremacy.  The  very  inventions  of  man 
are  only  so  many  proofs  of  the  unceasing 
operation  of  this  law.  In  warfare,  gun- 
powder and  firearms  merely  enlarged  the 
area  over  which  it  was  possible  to  carry 
on  military  operations;  the  magnetic 
compass  only  widened  the  field  of  com- 
merce; the  printing-press  and  the  tele- 
graph are  merely  agencies  for  the  diffu- 
sion of  thought;  the  steam  engine  is  but 
a  means  whereby  it  becomes  possible  to 
establish  local  industries  in  every  part  of 
the  habitable  globe;  and  the  canal  and 
the  railway  are  essentially  distributors  of 
the  products  and  the  wealth  of  the  hu- 
man race. 

Although  there  is  an  impression 
abroad  that  this  age  is  one  of  growing 
concentration  of  property,  no  man  can 
study  the  history  and  the  facts  of  the 
development  of  society  without  com- 
ing to  the  conclusion  that  at  no  period 
has  there  been  so  general  and  equal  a 
distribution  of  rights  and  property  as  in 
the  present  age.  The  destruction  of  the 
feudal  system  was,  in  reality,  the  estab- 
lishment of  a  new  and  better  theory,  in 
regard  to  the  ownership  of  land,  which 
has  borne  its  legitimate  fruits  in  the  sub- 
division of  estates  in  France,  through 
the  convulsions  of  a  revolution;   in   the 


more  general  distribution  of  landed  prop- 
erty in  Germany,  and  in  that  steady,  re- 
markable, and  successful  agitation  in 
England,  which  is  now  showing  its  re- 
sults in  the  limitation  of  entail,  the  sim- 
plification of  transfer,  the  enlargement 
of  the  suffrage,  and  the  acquisition  of 
small  freeholds,  whereby  political  power 
is  being  slowly  but  surely  transferred 
from  the  great  landholders  to  the  middle 
classes  of  the  most  powerful  and  compact 
political  organization  which  the  world 
has  ever  seen. 

While,  then,  there  is  thus  an  unmis- 
takable progress  in  the  world  towards  a 
juster  and  more  general  distribution  of 
the  control  of  the  resources  of  nature 
and  of  the  fruits  of  human  industry,  the 
present  century  has,  undoubtedly,  de- 
veloped a  new  and  remarkable  central- 
izing tendency,  which  might  be  denomi- 
nated the  centripetal  industrial  force.  I 
speak  of  the  application  of  the  corporate 
principle  to  the  management  of  industrial 
enterprises,  producing  a  concentration  of 
property  and  management  through  the 
diffusion  of  ownership.  Under  the  cor- 
porate system,  the  number  of  owners 
may  be  unlimited,  but  the  management 
is  necessarily  confined  to  a  few  hands. 
It  is  the  political  idea  of  representation 
applied  to  industrial  enterprises;  it  is 
the  common  wealth  in  its  industrial,  and 
not  its  political  sense,  which  is  concen- 
trated for  the  material  wants  and  pro- 
gress of  the  human  race.  Now,  this 
law  of  universal  ownership,  under  limited 
management,  heretofore  applied  with 
marked  success  during  the  latter  half  of 
the  present  century  to  great  manufactur- 
ing establishments  in  this  country,  and 
of  late  in  Europe,  and  of  necessity  to 
railroads  everywhere,  has  at  length,  by 
slow  but  irresistible  steps,  taken  pos- 
session of  the  great  mining  enterprises 
of  the  United  States,  and  to-day  has  its 
strongest  and  most  interesting  develop- 
ment in  the  anthracite  coal  region,  which 
may  be  said  to  be  monopolized  by  six 
great  corporations,  administered  by  a 
very  small  number  of  able  officers,  rep- 
resenting a  vast  body  of  owners  who 
rely  upon  steady,  but  not  excessive,  divi- 
dends for  their  support.  It  is  the  fashion 
to  denounce  these  corporations  as  mono- 
polizers, but  it  is  only  the  thoughtless, 
who  do  not  investigate  below  the  sur- 
face,   who   take   this   view   of   what   is 
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really  the  most  interesting  and  suggest- 
ive application  in  our  day  of  a  power- 
ful and  irresistible  force  originating  in 
the  very  heart  of  the  social  fabric.  The 
monopoly  is  not  the  monopoly  of  owner- 
ship, for  everybody  is  free  to  buy  and 
sell,  and  there  is  no  day  when  a  man 
with  money  may  not,  at  its  value,  pro- 
cure a  share  in  these  enterprises.  And 
no  one  familiar  with  business  will  pretend 
that  the  profits  have  been  out  of  pro- 
portion to  the  cost  and  the  risk  of  the 
undertakings,  and  no  more  conclusive 
answer  to  any  complaint  on  the  score  of 
monopoly  can  be  made,  than  that  to-day 
the  shares  in  these  corporations,  in  many 
cases,  are  selling  below  the  original 
money  cost.  These  corporations  are,  in 
fact,  not  the  creators,  but  the  outgrowth 
of  a  new  and  beneficent  principle,  wThich 
has  begun  to  assert  itself  in  society,  and 
will  continue  to  grow  in  power  until  the 
end  of  time.  This  principle  is  the  prac- 
tical association  of  diffused  capital, 
through  the  agency  of  corporate  organi- 
zation, with  labor,  for  the  promotion  of 
economy,  for  the  improvement  of  pro- 
cesses, and  for  the  general  welfare  of 
mankind. 

The  capital  is  derived  from  innumer- 
able sources,  just  as  the  little  rills, 
finally,  through  streams  and  rivers,  con- 
stitute the  great  ocean.  The  laborer 
himself  may  thus  be  the  capitalist,  and 
the  capitalist  may  thus  be  the  laborer, 
each  taking  his  share  of  that  portion  of 
the  fund  which  is  appropriated  to  labor 
and  to  capital,  and  often  in  a  double 
capacity  taking  a  share  from  both. 

In  its  perfect  and  ultimate  develop- 
ment it  embodies  the  Christian  idea  of 
"having  all  things  in  common,"  yet 
"  rendering  unto  Caesar  the  things  that 
are  Caesar's." 

The  rate  of  profit  which  may  be  de- 
rived from  these  great  enterprises,  sub- 
ject as  they  are  to  the  scrutiny,  criticism, 
and  judgment  of  the  public,  in  an  age 
when  nothing  escapes  notice,  and  all 
rights  and  property  are  virtually  subor- 
dinated to  the  popular  will,  can  never  be 
excessive,  for  two  reasons:  on  the  one 
side  the  public  will  inevitably  demand 
lower  prices  for  an  article  of  primary 
consequence  in  every  household,  and 
these  corporations,  creatures  of  the 
public  will  as  they  are,  could  not  suc- 
cessfully resist   such   a   demand,  based 


upon  excessive  or  unreasonable  profits. 
On  the  other  hand,  whenever  the  divi- 
dends rise  above  a  reasonable  rate  of 
compensation,  the  laborers  engaged  in 
the  production  of  coal,  from  whom  these 
profits  cannot  be  concealed,  will  justly 
claim,  and  rightfully  secure,  a  larger 
share  of  the  fruits  of  their  labor.  The 
checks  upon  any  unreasonable  exercise 
of  the  power  conferred  by  the  owner- 
ship under  limited  management  of  the 
anthracite  coal-fields,  are  in  reality  so 
powerful  that  the  public  have  nothing  to 
fear  from  this  cause,  but  the  corporations 
have  rather  reason  to  dread  that  they 
may  not  have  justice  at  the  hands  of  the 
public  and  the  working  classes.  This 
justice  they  can  only  hope  to  secure  by 
the  wisest,  best,  and  most  economical 
management  and  administration  of  the 
property  they  control,  and  whatever 
profits  they  may  hereafter  derive  and  be 
allowed  to  divide  among  the  owners, 
will  be  rather  due  to  the  economies 
which  they  may  be  able  to  introduce, 
whereby  the  article  is  furnished  at  the 
lowest  possible  rate,  than  to  any  fancied 
monopoly  which  they  may  have  in  the 
coal  itself,  or  in  its  transportation  to 
market. 

Already,  by  the  application  of  ade- 
quate capital,  guided  by  the  largest  ex- 
perience and  the  highest  technical  skill,, 
the  anthracite  coal-mines,  from  being 
worked  in  a  wasteful  and  extravagant 
manner,  are  being  rapidly  put  in  the 
best  possible  shape  for  the  economical 
delivery  of  coal  at  the  surface,  and  for 
the  preservation  of  every  portion  of  the 
store  upon  which  the  future  value  of  the 
property  must  depend.  But  besides 
economy  in  mining  and  care  in  preserv- 
ing, there  must  be  regularity  and  sta- 
bility in  the  operations  of  the  mine. 
There  can  be  no  real  profit  where  these 
operations  are  subject  to  constant  in- 
terruption, caused  by  strikes  or  other 
artificial  impediments.  The  loss  of  in- 
terest on  the  plant  at  the  mines,  and  in 
the  lines  of  transportation  caused  by 
any  serious  stoppage  to  the  works^ 
would,  of  itself,  be  sufficient  to  render 
investments  of  this  kind  unprofitable. 
Hence  the  output  must  be  regulated 
and  proportioned  to  the  wants  of  the 
market.  But  this  regulation  must  be 
continuous  and  not  spasmodic.  To 
enable  this  to  be  done,  large  stocks  of 
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coal  must  necessarily  be  kept  on  hand, 
in  order  that  any  sudden  demand  may 
be  properly  met  without  any  serious 
increase  in  price;  and  in  dull  times  the 
accumulation  and  restoration  of  the 
stocks  will  give  steady  employment  to 
the  miners,  to  whose  families  any  cessa- 
tion of  work  is  a  calamity  of  the  most 
serious  character,  and  to  society  an  un- 
mitigated evil.  To  insure  continuous 
operations,  the  best  relations  must  exist 
between  the  corporate  owners  and  the 
laborers  in  their  employ.  It  is  notorious 
that  throughout  the  coal  regions  these 
relations  have  been  of  the  most  unsatis- 
factory character,  resulting,  at  often- 
recurring  intervals,  in  strikes  and  lock- 
outs, which  have  no  redeeming  feature, 
but,  on  the  contrary,  have  raised  the 
price  of  coal  to  the  consumer,  have  im- 
paired the  dividends  of  the  owners,  and 
have  reduced  the  working  men  and  their 
families  to  a  condition  of  suffering  and 
demoralization,  appalling  to  every  well- 
wisher  of  his  race.  It  is  fortunate,  there- 
fore, that  the  interests  of  all  classes  con- 
cur in  the  prevention  of  these  destructive 
and  demoralizing  collisions,  and  that  the 
owners  of  the  property,  for  their  own 
self-protection,  will  be  driven  to  remove 
the  causes  which  have  produced  them. 
It  is  idle  for  them  to  expend  their  capital 
for  the  best  machinery,  for  the  highest 
skill,  for  the  most  economical  transport- 
ation, unless  they  can,  at  the  same  time, 
insure  a  continuous  production  from  a 
contented  laboring  population. 

This  they  have  it  in  their  power  to  do. 
If  the  same  spirit  of  sacrifices,  which  has 
sent  out  our  missionaries  into  every  hea- 
then land,  had  been  shown  in  the  coal 
regions,  and  the  same  efforts  had  been 
made  to  establish  and  maintain  the 
school  house,  the  church,  and  above  all 
the  Sunday  school,  which  have  borne 
such  fruits  elsewhere  in  this  broad  land; 
if  the  hospital  for  the  sick,  and  the  com- 
fortable refuge  for  the  unfortunate  had 
been  carefully  provided;  if  reading 
rooms  and  night  schools,  and  rational 
places  of  amusement  had,  from  the  out- 
set, been  maintained  for  a  growing  and 
restless  population,  the  coal  regions 
to-day  might  have  been  a  paradise  upon 
earth  instead  of  a  disgrace  to  civilization. 
And  here  it  is  that  this  new  power  of 
concentrated  management  can  exert  it- 
self with  sure  and  absolute  success.  The 


appropriation  of  a  few  cents  per  ton  on 
the  coal  mined  to  the  work  of  improving 
the  moral  and  intellectual  conditions  of 
the  miners  and  their  families  will,  in  a 
time  incredibly  short,  change  the  whole 
face  of  society  in  the  coal  regions. 

To  be  effective,  however,  this  conse- 
cration of  a  fixed  amount  on  each  ton  of 
coal  sent  to  the  market  must  be  as  abso- 
lute and  final  as  that  portion  of  the  pro- 
ceeds which  is  devoted  to  pumping  the 
mines,  or  driving  the  gangways.  It 
must  not  come  from  grace,  but  from  a 
sence  of  duty  involved  in  the  ownership 
of  property,  and  dictated  by  a  wise  re- 
gard for  its  preservation  and  permanent 
value.  Even  if  this  percentage  were 
added  to  the  price  of  the  coal  the  addi- 
tion would  not  be  grudged  by  the  public; 
but  in  fact  no  such  addition  could  pos- 
sibly occur,  as  there  is  no  surer  way  of 
promoting  economy  in  the  cost  of  pro- 
duction than  by  improving  the  social 
condition,  the  self-respect,  and  the  intelli- 
gence of  those  who  are  engaged  in  the 
work  of  production,  which  thus  becomes 
continuous  and  systematic.  Until  the 
great  companies  thus  recognize  theduties, 
the  responsibilities,  and  the  opportunities 
for  good,  which  are  offered  by  the  new 
social  development  which  has  rendered 
their  existence  a  necessity,  as  well  as  a 
possibility,  they  must  not  complain  that 
they  are  regarded  with  distrust,  and  as 
enemies,  both  by  the  public  which  con- 
sumes there  products  and  by  the  work- 
ing classes  who  see  in  them  only  grasp- 
ing employers  without  a  conscience. 
What  individual  owners  could  not  do,  it 
is  easy  for  these  great  companies  to  put 
in  practice;  but  the  effort  must  be  as 
earnest  and  serious  as  is  the  business 
of  producing  the  coal  and  getting  it 
to  market.  The  very  best  talent  must 
be  secured  for  the  organization  and  man- 
agement of  the  various  agencies  necessary 
for  the  moral,  intellectual,  and  social 
improvement  of  the  working  classes,  who 
must  be  themselves  associated  in  the  ad- 
ministration of  the  fund  created  and  ex- 
pended for  their  benefit.  Five  cents  per 
ton  would  produce  an  annual  revenue  of 
over  $1,000,000  applicable  to  this  neces- 
sary and  noble  use,  and  five  years  of  its 
intelligent  and  conscientious  administra- 
tion would  convert  what  in  some  regions 
has  been  aptly  termed  a  "hell  upon 
earth  "  into  a  terrestrial  paradise,  which 


A   CENTURY   OF   MINING   AND   METALLURGY, 


331 


would  be  the  pride  and  the  glory  of  the 
new  world. 

What  more  fitting  celebration  of  the 
Centennial  year  of  American  Independ- 
ence could  be  possibly  suggested  or  de- 
vised, or  how  could  the  advent  of  the  in- 
coming century  be  better  signalized,  than 
by  the  foundation  on  the  part  of  the 
great  anthracite  coal  companies  of  a  new 
department  in  their  administration  for 
the  moral,  mental,  social,  and  physical 
improvement  of  the  workingmen  and 
their  families,  and  by  the  appropriation 
of  a  fixed  charge  on  coal  for  this  pur- 
pose. Let  each  of  them  select  a  well- 
paid  and  competent  agent  to  devote 
himself  to  this  work;  let  the  various 
agencies  be  widely  organized  and  surely 
perfected,  and  there  will  be  realized  one 
of  the  greatest  triumphs  of  that  gospel 
which  proclaimed,  "  Peace  on  earth,  and 
good  will  towards  men."  The  example 
thus  set  will  soon  extend  itself  to  other 
industries,  and  to  every  branch  of  busi- 
ness which  can  adapt  the  corporate  prin- 
ciple of  the  concentration  of  manage- 
ment through  diffusion  of  ownership,  the 
result  of  which  will  be  that  the  strange 
phenomenon,  now  felt  throughout  the 
civilized  world,  of  a  general  glut  of  prod- 
ucts in  the  face  of  general  want  of  tfyem, 
will  never  again  be  witnessed;  because, 
when  the  working  classes,  through  the 
diviner  agencies  of  Christian  effort,  shall 
have  constant  employment  and  adequate 
compensation,  the  sure  results  of  gener- 
al enlightenment  and  a  cultivated  con- 
science in  the  use  of  property,  the  power 
of  consumption,  now  so  far  in  arrear,  will 
surely  overtake  the  power  of  production, 
and  re-establish  the  equation  which  na- 
ture intended  to  subsist  between  them. 
Thus  may  be  realized  that  Christian 
commonwealth  which  has  been  the  dream 
of  the  patriot,  the  philanthropist,  and  the 
statesman,  in  all  ages,  in  which  every 
man  who  is  willing  to  work  shall  find  em- 
ployment, and  in  which  the  products  of 
industry  will  be  so  distributed  that  every 
man  shall  feel  that  he  has  received  his 
fair  share  of  them;  in  which  there  will 
be  neither  abject  and  hopeless  poverty  on 
the  one  hand,  nor  superfluous  riches  on 
the  other,  because  the  problem  of  how  to 
distribute  capital  through  the  concentra- 
tion of  management  will  have  been  fully 
solved,  and  be  thoroughly  comprehended 
by  all  classes  in  the  community;  in  which 


the  quaint  questions  put  by  Sir  Thomas 
More,  three  hundred  and  sixty  years  ago, 
will  at  length  have  been  answered,  and 
his  suggestive  commentary  thereon  have 
lost  its  significance : 

"  Is  not  that  government  both  unjust 
and  ungrateful,  that  is  so  prodigal  of  its 
favors  to  those  that  are  called  gentlemen 
or  goldsmiths,  or  such  others  who  are 
idle,  or  live  either  by  flattery,  or  by  con- 
triving the  arts  of  vain  pleasure;  and  on 
the  other  hand  takes  no  care  of  those  of 
a  meaner  sort,  such  as  ploughmen,  col- 
liers, and  smiths,  without  whom  it  could 
not  subsist? 

"  But  after  the  public  has  reaped  all 
the  advantages  of  their  service,  and 
they  come  to  be  oppressed  with  age, 
sickness,  and  want,  all  their  labors,  and 
the  good  they  have  done  is  forgotten, 
and  all  the  recompense  given  them  is, 
that  they  are  left  to  die  in  great  misery. 
The  richer  sort  are  often  endeavoring  to 
bring  the  hire  of  laborers  lower,  not 
only  by  their  fraudulent  practices,  but 
by  the  laws  which  they  procure  to  be 
made  to  this  effect,  so  that  though  it  is 
a  thing  most  unjust  in  itself  to  give  such 
small  rewards  to  those  who  deserve  so 
well  of  the  public,  yet  they  have  given 
those  hardships  the  name  and  color  of 
justice,  by  procuring  laws  to  be  made 
for  regulating  them." 

Although  I  quote  from  the  Utopia, 
let  it  not  be  supposed  that  there  is  any- 
thing Utopian  or  impracticable  in  the 
proposition  which  I  have  advanced.  It 
seems  to  me  to  be  the  next  great  step  to 
be  taken  for  the  amelioration  of  the  con- 
dition of  mankind.  The  law  of  diffusion 
which  thus  far  has  governed  the  progress 
of  the  human  race  toward  a  higher  and 
better  plane  of  civilization,  has  at  length 
made  an  effective  lodgment  in  the  domain 
of  capital,  whereby  it  is  rendered  capable 
of  infinite  division  without  impairing, 
but  in  effect  improving,  the  economy  and 
force  of  its  administration.  The  re- 
proach that  "  corporations  have  no 
souls,"  must,  and  will,  next  be  removed, 
so  soon  as  the  beneficent  possibilities  in- 
herent in  these  agencies  shall  be  gen- 
erally recognized,  and  those  who  are 
called  to  the  management  shall  see  that 
because  capital  is  aggregated,  the 
primary  law  on  which  all  property  rests, 
that  it  is  a  trust  to  be  administered  for 
the  public  good,  loses  none  of  its  force, 
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but  can,  in  reality,  only  assert  itself  in 
all  its  vigor  when  concentrated  manage- 
ment is  brought  to  bear  upon  great 
aggregations  of  capital.  Man  did  not 
become  a  "living  soul"  until  God 
breathed  into  him  the  breath  of  life. 
So  corporations  are  mere  machines  until 
they  are  inspired  by  the  associated  con- 
science of  society,  to  which  they  can 
give  ready  and  effective  expression,  and 
I  look  for  this  expression  first  from  the 
great  coal  companies,  because  their 
property  and  their  peculiar  organizations 
make  it  easy  as  well  as  profitable  for 
them  to  put  in  practice  the  fundamental 
idea,  that  a  fixed  portion  of  the  proceeds 


of  industry  should  be  invariably  devoted 
to  the  social  improvement  of  those  who 
labor  directly  for  its  development. 

If  the  seed  here  dropped  should  take 
root,  as  I  pray  and  believe  it  will,  then 
indeed  will  the  country  and  the  world 
have  reason  to  rejoice  at  the  industrial 
development  of  the  last  hundred  years, 
and  the  celebration  of  this  Centennial 
be  the  dawn  of  a  better  day  for  the 
patient  sons  of  toil,  who,  let  it  be  con- 
fessed, with  all  frankness  and  humility, 
have  not  yet  been  endowed  with  their 
fair  share  of  the  good  things  of  this 
goodly  earth. 


THE  MANUFACTURE  AND  ENDURANCE  OF  IRON  RAILS.* 


By  W.  E.  C.  COXE. 


From  "Iron." 


In  1857  the  Philadelphia  and  Reading 
Railroad  Company,  whose  main  line  ex- 
tended from  Philadelphia  to  Pottsville, 
Pennsylvania,  with  branches  into  the 
coal  regions  of  Schuylkill  County,  made 
a  contract  with  the  Fairmount  Rolling 
Mill,  at  Philadelphia,  for  the  re-rolling  of 
some  4,000  tons  of  iron  rails.  The  essen- 
tial features  of  the  agreement  were,  that 
the  old  rails  should  be  piled  with  pud- 
dled iron,  and  rolled  into  flats  for  the 
rail-pile;  which  latter  was  to  be  of  a  sec- 
tion V  inches  square,  and,  after  being 
heated,  and  reduced  by  rolling  to  a  bloom 
of  a  section  about  5  inches  by  6  inches, 
was  to  be  reheated,  before  being  finished 
into  the  rail  of  the  T  pattern,  4  inches 
high,  weighing  64  lbs.  per  yard.  Great 
care  was  exercised  in  the  execution  of 
this  contract,  and  the  rails  being  dis- 
tributed over  all  parts  of  the  road  gave 
general  satisfaction  by  their  excellent 
wear.  Five  years  afterward,  the  princi- 
pal proprietor  and  manager  of  the  Fair- 
mouut  rolling  mill  was  elected  president 
of  the  Reading  Railroad,  and  very  many 
of  the  rails  made  under  his  supervision 
were  still  in  use  in  the  tracks  of  the 
company  of  which  he  Had  just  assumed 
the  management.     His  first  efforts  were 

*  Read  before  the  June  meeting  of  the  American  In- 
stitute of  Mining  Engineers. 


therefore  directed  to  the  procuring  of 
more  rails  of  the  same  quality  wherewith 
to  replace  those  worn  out.  Here  he  en- 
countered some  trouble,  makers  refusing 
to  bid  because  of  the  details  in  the  speci- 
fication ;  the  required  reheating  being 
the  objectionable  feature,  for  which  it 
was  generally  intimated  they  would  not 
be  sufficiently  remunerated  for  the  in- 
creased labor,  extra  coal  consumed,  and 
the  changes  necessary  from  the  estab- 
lished methods  of  working.  Most  of  the 
new  rails  were  therefore  bought,  and  the 
old  rails  re-rolled,  without  regard  to  any 
particulars  as  to  the  manner  of  piling, 
heating,  &o.  Each  manufacturer  fur- 
nished what  he  deemed  the  best  article 
possible  for  the  money.  As  a  conse- 
quence, rails  of  all  imaginable  grades 
were  placed  in  the  tracks,  some  giving 
out  in  six  weeks  under  a  heavy  traffic, 
the  majority  within  a  year,  and  very  few 
lasting  over  two  or  three  years. 

So  great  was  the  dissatisfaction  with 
the  character  of  the  iron  rails  the  com- 
pany were  able  to  obtain,  that  in  the  lat- 
ter part  of  1866  they  determined  to  erect 
a  rolling  mill  and  manufacture  for  them- 
selves. Bessemer  steel  rails  were  then 
coming  into  this  country  from  England 
in  small  quantities  at. very  high  prices, 
and  their  use  at  that  time  was  question- 
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able  ;  but  their  introduction  was  con- 
sidered, and  in  planning  for  the  mill,  en- 
gines and  trains  were  adopted  of  suffi- 
cient size  and  strength  for  the  rolling  of 
steel.  Ground  was  broken  at  Reading 
in  the  spring  of  1867,  and  the  first  rail 
turned  out  in  March,  1868.  It  was  the 
intention  from  the  inception  of  this  pro- 
ject to  make  a  rail  of  the  very  first  quali- 
ty, and,  whilst  it  was  not  believed  they 
could  be  made  for  a  less  cost  than  the 
market  price  of  an  ordinary  rail,  the 
profit  or  gain  would  be  the  enhanced  en- 
durance of  the  product.  The  result  has 
fully  justified  the  wisdom  of  the  policy, 
and  the  expenditure  of  the  plant  has 
been  more  than  returned  by  the  dollars 
saved  in  becoming  their  own  manufac- 
turers. 

The  Reading  Railroad  at  the  expira- 
tion of  1875  owned,  leased  and  controlled 
1550  miles  of  track  and  sidings.  The 
transport  department  requires  for  its 
business  404  locomotive  engines  ;  14,975 
eight  and  four-wheeled  coal  cars;  3,520 
eight- wheeled  and  328  four-wheeled 
freight  cars  ;  and  310  passenger  cars. 
In  addition,  the  roadway  department 
has  in  use  for  construction  and  repairs 
687  four-wheeled  cars.  The  class  of 
traffic  is  peculiar,  about  60  per  cent, 
being  coal,  34  per  cent,  freight,  and  6 
per  cent,  passenger  ;  the  nature  of  the 
traffic  being  especially  destructive  to  the 
permanent  way. 

The  rolling  mill  constructed  by  the 
company  consists  of  twelve  single  pud- 
dling furnaces,  with  a  yearly  capacity  of 
6500  tons  of  puddled  bars;  eight  heat- 
ing furnaces;  and  two  reheating  furnaces 
capable  of  furnishing  20,000  gross  tons 
of  finished  rails  annually.  It  is  more 
especially  a  re-rolling  mill.  The  mode 
adopted  for  making  the  rails  was  to 
work  about  two- thirds  of  old  rails  with 
one-third  of  new  or  puddled  iron.  Three 
pieces  of  old  rails  are  piled  on  two  layers 
of  puddled  iron,  and  heated  and  rolled 
into  3  inches  and  4j  inches  by  1  inch 
flats;  these  form  the  body  of  the  pile, 
being  piled  so  as  to  break  joints  7  inches 
high.  The  headpiece  is  rolled  from  a  9- 
inch  square  pile  of  these  same  flats 
heated  and  rolled  into  a  slab  9  inches 
wide  by  t  inches  thick,  forming  about 
22  per  cent,  of  the  whole  pile.  The 
rail  pile  thus  made  up  to  a  section 
9   inches   square  is  rolled  in  three-high 


23-inch  rolls,  until  reduced  in  six  passes 
to  a  bloom  7  inches  wide  on  the  base,  5 
inches  high  and  5  inches  wide  on  the 
top;  the  bloom  would  somewhat  natur- 
ally assume  this  shape  in  the  course  of 
reduction,  but  it  was  more  particularly 
given  to  distinguish  the  head  part  of  the 
bloom  from  the  flange.  The  bloom  is 
then  carried  hot  to  a  reheating  furnace, 
and  wash  heated,  preparatory  to  the  final 
rolling  to  the  finished  rail,  which  is  done 
on  a  two-high  23-inch  train  in  six  passes, 
a  total  of  twelve  passes  from  the  9-inch 
pile  to  the  rail  4£  inches  high. 

The  use  of  the  puddled  iron  with  the 
old  rails  prevents  the  dryness  inherent 
generally  in  re-worked  iron,  and  insures 
with  the  wash  heating  better  welds. 
The  bloom  is  kept  in  the  reheating  fur- 
nace a  sufficient  time — say  fifteen  min- 
utes— to  bring  it  up  to  a  good  welding 
heat.  The  bloom  going  quite  hot  to  the 
finishing  rolls  is  completely  welded  in 
the  first  three  passes,  and,  as  the  rolling 
is  done  in  one  direction  only,  the  rolls 
being  two-high,  it  is  believed  the  cinder 
is  nearly  all  expelled,  instead  of  being 
retained  to  some  extent  by  being  chased 
backward  and  forward,  as  would  be  done 
by  rolling  in  both  directions  on  three- 
high  rolls.  After  the  bloom  is  thorough- 
ly cemented  the  cinder  being  no  longer 
essential,  it  is  well  not  to  retain  it  in  the 
rail. 

It  is  very  evident  in  the  rolling  on  the 
two-high  train  that  the  rail  comes  from 
the  last  or  finishing  pass  colder  thf.n  it 
would- if  rolled  on  three-high  rolls,  from 
the  fact  of  more  time  being  required  for 
the  rolling  in  carrying  over  the  rolls  in- 
stead of  passing  through  a  groove,  and 
thus  considerable  heat  is  lost.  The 
colder  the  rail  is  rolled  in  the  last  few 
passes  the  denser  and  harder  will  be  the 
metal.  In  this  way  an  extremely  sound 
rail  is  obtained,  with  a  good,  wearing 
surface.  All  the  rails  are  stamped  or 
embossed  with  the  year  of  their  manu- 
facture, and  as  they  are  placed  in  the 
tracks  the  month  is  also  stamped  upon 
them.  Old  rails  when  worn  out  or  used 
up  are  returned  at  once  to  the  mill,  and 
from  the  stamp  upon  each  rail  we  get 
the  date  of  its  birth,  and,  knowing  the 
time  of  death  from  its  return,  we  can 
compute  the  life  of  the  rail.  In  the 
annual  reports  of  the  president  of  the 
Reading  Railroad  Company,  since  1868, 
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will  be  seen  a  statement  of  the  wear  of 
the  rails  manufactured  by  the  company. 
From  this  we  learn  that  out  of  9,000 
tons  of  rails  made  and  placed  in  the 
tracks  in  1868,  the  first  year  the  rolling 
mill  was  operated,  only  4,500  tons,  or  50 
per  cent,  had  been  returned  at  the  close 
of  the  year  18*75  as  worn  out,  leaving 
50  per  cent,  as  still  in  nse.  In  1869,  the 
second  year,  17,000  tons  were  rolled  and 
put  in  the  road,  out  of  which  but  4000 
tons  or  24  per  cent,  have  been  condemned 
and  returned  for  rolling,  leaving  76  per 
cent,  still  in  use.  As  it  is  probable  that 
some  of  the  first  two  years'  make, 
although  too  much  worn  to  be  of  service 
in  the  main  tracks,  were  sufficiently  good 
to  be  placed  in  the  sidings,  instead  of 
being  sent  back  to  the  mill,  no  estimate 
is  made  of  the  tonnage  carried  ;  but, 
passing  to  the  third  year,  1870,  the  pro- 
duct being  17,500  tons,  we  find  only 
3,000  tons  or  17  per  cent,  have  been  con- 
demned as  worn  out,  and  taken  from  the 
tracks,  leaving  83  per  cent,  of  this  year's 
make  still  doing  service  after  six  years' 
use,  having  carried  some  50,000,000 
gross  tons. 

It  should  here  be  stated  that  at  the 
expiration  of  4he  year  just  mentioned 
the  weight  of  the  rail  was  increased 
from  64  to  68  lb.  per  yard,  more  metal 
being  put  in  the  head  with  the  expecta- 
tion of  making  it  still  more  lasting. 
The  product  of  1871  was  19,000  tons,  92 
per  cent,  of  which  can  now  be  found  in 
tolerable  condition,  after  having  borne 
five  years'  traffic;  and  of  the  product, 
20,000  tons,  of  1872,  only  6-J-  per  cent, 
have  been  worn  out  under  a  tonnage  of 
35,000,000.  Since  1872  the  make  has 
averaged  15,000  tons  per  annum,  but 
owing  to  the  remarkable  endurance  of 
the  rails  previously  made  all  the  new 
rails  manufactured  in  1873,  1874,  and 
1875,  have  not  been  laid  in  the  track, 
and  the  percentages  of  removals  are  not 
quite  so  accurate  as  those  already  men- 
tioned.  This  generally  would  seem  to 
show  the  uniform  excellence  and  dura- 
bility of  the  rails  turned  out  by  the  pro- 
cess described. 

Late  in  1869  it  was  decided  to  make  some 
particular  tests  of  rails  manufactured 
in  the  usual  way,  with  the  exception  of 
leaving  the  old  rails  out  of  the  headpiece, 
and  substituting  some  special  brands  of 
pig  iron,  worked  alone  for  this  purpose. 


In  January,  1870,  these  rails  were  placed 
in  the  down  track  of  the  main  line  above 
Reading,  near  the  rolling  mill,where  they 
would  be  required  to  carry  most  of  the 
immense  tonnage  from  the  coal  regions, 
and  where  they  could  be  frequently  ob- 
served by  the  writer,  and  their  wear 
carefully  noted. 

The  rolling  of  some  of  the  piles  for 
the  heads  on  edge  so  as  to  bring  the 
welds  vertical  instead  of  horizontal  in 
the  finished  rail  was  for  the  purpose  of 
comparing  the  two  methods.  In  the 
horizontal  piling  most  of  the  failures 
arise  from  lamination*  The  best  results 
followed  from  the  edge  rolling.  The 
welds,  although  vertical  in  the  heads  of 
the  finished  rails,  are  in  practice  rolled 
horizontally  from  the  manner  of  the  rail 
going  through  the  last  three  passes  on 
its  side,  the  vertical  pressure  more 
thoroughly  welding  the  head.  Twelve 
varieties  of  pig  iron  were  selected  for 
trial,  nine  from  the  Schuylkill  Valley, 
two  from  the  Lehigh,  and  one  from  the 
Susquehanna.  Pieces  were  taken  from 
the  different  kinds  after  being  puddled, 
and  once  reworked,  and  tested  for  tensile 
strength,  the  maximum  being  66,000  lbs. 
and  the  minimum  45,000  lbs.  to  the 
square  inch.  They  were  divided  into 
three  classes:  the  neutral  iron,  with  ten- 
dency to  cold-shortness,  gave  an  average 
tensile  strength  of  63,200  lbs.,  the  red- 
short  60,700  lbs.,  and  the  cold-short 
62,500  lbs.  These  were  again  arranged 
in  two  lots,  those  with  heads  rolled  flat, 
and  those  with  heads  rolled  vertical,  and 
tonnage,  including  weight  of  engines  and 
cars,  actually  carried  by  each  kind  before 
it  was  worn  out  was  as  follows : 


Kinds  of  Iron. 


Red  short  av- 
erage  

Neutral  aver- 
age  

Cold-short  av- 
erage  

Total  average. 


Rails  with  heads 
rolled  flat. 


26,959,808  tons. 

22,412,593     " 

26,645,538     ci 
25,324,348     " 


Rails  with  heads 
rolled  vertical. 


22,819,300  tons. 

28,789,361     " 

33,472,600     " 
30,040,670     " 


From  this  we  gather  that,,  the  cold- 
short irons  rolled  on  edge  show  on  the 
average  the  most  endurance.  The  par- 
cel of  rails  doing  the  best  was  removed 
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after  six  years  of  service,  during  which 
time  55,000,000  tons  passed  over  them. 
One  of  these  rails  carried  over  56,000,000 
tons,  and  was  taken  from  the  tracks  be- 
fore being  absolutely  worn  out,  to  be 
placed  on  exhibition  at  the  Centennial 
Exposition.  The  hard,  fine-grained  cold- 
short irons  are  more  durable  than  the 
softer  and  stronger  fibrous  irons  of  a 
red-short  nature.  The  cold-short  irons 
appear  to  give  the  best  welds,  and  the 
stronger  they  are  the  better.  The  iron 
in  the  heads  of  the  rails  bearing  the  max- 
imum tonnage  was  from  a  blast-furnace 
in  the  vicinity  of  Reading,  and  was 
smelted  from  a  mixture  of  60  per  cent. 
East  Pennsylvania  haematites,  25  per 
cent.  Tilly  Foster,  and  15  per  cent. 
East  Pennsylvania  magnetic  ores.  The 
analysis  of  this  head  iron  gave: 

Phosphorus > . .       .422 

Silica 392 

Sulphur 032 

Manganese 164 

Carbon 027 

Iron 98  963 

Total 100.000 

In  the  same  track  with  these  experi- 
mental bars  were  laid  some  rails  with 
the  heads  formed  of  a  solid  hammered 
charcoal    bloom,    with   the    expectation 


that  being  without  welds  they  would 
show  a  wear  equal  almost  jto  steel,  but 
they  gave  out  under  a  tonnage  of  28,000,- 
000.  As  the  iron  was  too  soft  from  lack 
of  sufficient  rolling,  they  mashed  out  in 
spots  under  the  heavy  traffic.  Puddled 
steel-headed  rails  have  not  done  much 
better  from  the  same  causes.  Some  ex- 
cellent results  were  obtained  from  steel- 
headed  rails,  made  by  welding  Bessemer 
and  Siemens-Martin  or  open-hearth  steel 
slabs  on  to  an  iron  base,  but,  as  the  pur- 
pose of  this  paper  was  to  deal  with  iron 
rather  than  steel,  inquiry  in  this  line  will 
not  be  extended  further. 

Whilst  admitting  the  vast  superiority 
of  steel  for  rails  required  to  stand  a  very 
heavy  traffic,  iron,  if  carefully  selected 
and  properly  manufactured,  has  a  capacity 
for  which  it  seldom  gets  credit.  At  the 
present  time  it  is  possible  to  make  iron 
rails  by  the  method  described  at  consid- 
erably less  than  the  price  of  steel  rails, 
and  as  a  matter  of  economy  it  is  of  vast 
importance  to  roads  with  an  ordinary 
traffic  to  consider  whether  they  shall 
substitute  steel  for  their  old  iron  rails, 
disposing  of  the  latter  at  a  sacrifice,  or 
have  them  re-rolled  by  the  process  adopt- 
ed by  the  Philadelphia  and  Reading 
Railroad  Company. 


THE  MANUFACTURE  OF  STEEL  AND  MODE  OF  WORKING  IT. 


By  M.  CHERNOFF. 


From  "The  Engineer.' 


Steel,  as  generally  used  in  the  arts, 
is  a  combination  of  iron  and  carbon. 
The  purer  these  elements  in  steel  the 
higher  are  its  qualities.  The  best  steel 
that  has  ever  been  made  in  any  age  or 
country  is,  without  question,  "  boulat " 
(the  sabre  steel  of  the  Tartars).  T*he 
special  qualities  of  boulat,  and  es- 
pecially the  markings  appearing  on  its 
surface,  have  sent  many  investigators  on 
a  wrong  scent ;  all  thought  to  find  the 
extraordinary  qualities  of  this  steel  in 
some  special  mixtures.  Careful  analyses 
have  been  made,  but,  to  the  surprise  of 
all,  nothing  has  been  found  competent 
to  explain  the  presence  of  the  character- 
istic veining.     Inasmuch  as  the  veining 


of  boulat  is  closely  connected  with  its 
quality,  it  was  attempted  to  find  sub- 
stances which,  being  melted  with  the 
steel,  would  produce  the  markings  re- 
quired. Steel  was  melted  with  various 
metals,  with  platinum,  silver,  and  so  on, 
and  veinings  were,  no  doubt,  produced  ; 
but  in  the  first  place,  they  were  far  from 
having  the  same  regularity  and  beauty, 
and  secondly,  as  well  as  chiefly,  the  steel 
produced  was  always  inferior  to  boulat. 
The  peculiarity  of  the  veining  of  boulat 
lies  also  in  this,  that  if  you  heat  a  good 
specimen  of  the  steel  with  clearly  mark- 
ed veining  to  a  bright  red  heat,  and  then 
allow  it  to  cool,  it  will  be  impossible  to 
restore   the    markings,    no   matter   how 
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long  you  treat  the  surfaces  with  acid. 
The  veining,  on  the  other  hand,  produc- 
ed by  the  mixture  of  metals  never  dis- 
appears, however  much  the  steel  may  be 
heated.  But  if  the  piece  of  boulat  in 
which  the  veining  has  disappeared  be 
melted  again,  then,  if  certain  conditions 
in  the  cooling  of  the  ingot  are  observed, 
the  veining  appears  again,  though  of  a 
somewhat  different  design  ;  and  in  this 
manner  it  is  possible  to  produce  or  anni- 
hilate the  pattern  several  times.  The 
investigations  of  Anosoff  have  clearly 
shown  that  the  problem  is  solved  in  the 
purity  of  the  steel,  and  he  has  succeeded, 
as  is  well  known,  in  producing  the  very 
highest  qualities  of  Eastern  boulat.  On 
a  former  occasion  I  spoke  of  the  observ- 
ations I  had  made  on  the  ribbons  of 
dead  tint  observable  on  the  surfaces  of 
steel  guns  in  the  lathe.  By  means  of 
careful  daily  records  of  the  forging  of 
the  gun  ingots,  I  found  that  these  tints 
appeared  in  the  boundaries  between  the. 
hot  and  the  cold  portions  of  the  ingot 
being  forged  ;  that  is  to  say,  always  at 
those  points  up  to  which  the  ingot  was 
pushed  into  the  furnace.  The  position 
and  appearance  of  the  strips  of  dead  tint 
always  coincided  with  the  position  and 
form  of  the  limit  of  heating.  If  a  spot 
so  noted  by  me  was  afterwards  reheated, 
then  the  ribbon  of  dead  tint  no  longer 
appeared  after  turning  in  the  lathe.  Be- 
sides this,  some  of  these  ribbons  would 
disappear  as  a  greater  or  less  thickness 
of  metal  was  turned  off  ;  others  pene- 
trated right  through  the  mass  of  the 
gun,  and  never  disappeared. 

It  is  further  remarkable  that  although, 
at  times,  the  transition  from  the  heated 
to  the  cold  portion  of  the  ingot  was  so 
gradual  that  it  was  impossible  to  assign 
any  limit,  yet  the  ribbon  of  dead  tint  de- 
veloped by  the  turning  of  the  surface  of 
the  gun,  and  corresponding  to  the  above 
ill-defined  limit  of  heating,  was  so  clear- 
ly marked,  that  it  was  easy  to  trace  its 
boundaries  with  a  pencil  on  the  surface 
of  the  gun.  It  must  be  remarked  also 
that  the  ribbon  has  only  one  well  defined 
margin,  that  which  was  turned  towards 
the  cold  end  of  the  ingot  ;  the  other 
margin  is  shaded  off  imperceptibly  into 
the  normal  tint  of  the  steel.  Wishing 
to  investigate  the  effects  of  the  steam 
hammer  on  the  structure  of  steel,  I 
heated  a   4|-  inch  ingot  to  a  bright  red 


color,  and  subjected  it  to  two  heavy 
blows  of  a  5-ton  hammer,  so  that  one- 
third  the  length  was  not  touched  at  all, 
the  second  third  was  flattened  to  3  inches, 
and  the  last  received  two  cross  blows, 
under  each  of  which  there  was  a  com- 
pression of  at  least  1^-  inches.  The  in- 
got was  then  left  to  cool  in  the  open  air, 
and  on  being  broken  it  was  found  that 
the  appearance  of  the  structure  of  each 
of  the  three  sections  remained  identical, 
not  only  to  the  naked  eye,  but  to  the 
most  careful  microscopical  examinations. 
I  have  also  drawn  attention  to  the  cir- 
cumstance that,  on  one  occasion,  when 
experimenting  on  the  influence  of  the 
temperature  to  which  steel  was  heated 
on  its  hardness  in  tempering,  I  ordered 
a  smith  to  heat  a  piece  of  steel  to  dull 
red,  but  he,  my  mistake,  heated  it  bright 
red.  Wishing  to  rectify  the  error,  I  did 
not  at  once  plunge  the  steel  into  water, 
but  let  it  first  cool  down  to  dull  red,  and 
then  immersed'  it.  Although  the  steel 
was  of  a  quality  capable  of  extreme 
hardness  in  tempering,  the  immersion 
not  only  did  not  make  it  hard,  but  actu- 
ally made  it  sensibly  softer.  I  have  re- 
called the  above  circumstances,  because 
in  connection  with  many  others,  they  in- 
duced me  to  investigate  the  influence  of 
temperature  on  steel,  and  formed  points 
of  departure  from  my  researches.  Space 
will  not  allow  of  my  describing  my  ex- 
periments in  detail.  I  must  content  my- 
self with  stating  the  conclusions  to  which 
I  have  arrived.  If  steel  melted  in  a  cru- 
cible is  constantly  kept  in  violent  agita- 
tion while  cooling,  agitation  violent 
enough  to  keep  all  its  particles  in  motion, 
then  the  cold  ingot  produced  will  have 
a  very  finely  crystallized  structure  ;  if, 
on  the  other  hand,  the  melted  steel  is  al- 
lowed to  cool  in  perfect  quiet,  then  the 
resulting  casting  will  consist  of  large, 
well-developed  crystals.  The  appearance 
Qf  these  crystals,  and  generally  the  tend- 
ency to  crystallize  under  these  circum- 
stances, will  depend  on  the  purity  of 
the  steel.  As  I  have  already  stated,  the 
ultimate  purity  of  the  steel  consists  in 
that  of  its  two  component  elements,  iron 
and  carbon,  and  that  the  best  steel  is 
composed  of  only  these  two  elements. 
With  reference  to  other  elements,  the 
presence  of  which  is  supposed  to  influ- 
ence the  quality  of  steel,  it  is  impossible 
to    avoid    mentioning    the    opinion    of 
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Fremy,  who  considers  nitrogen  so  essen- 
tial not  only  to  the  formation,  but  to  the 
very  existence  of  steel,  that  he  has  laid 
down  the  proposition  that  "if  the  nitro- 
gen is  taken  away  from  steel  it  will 
cease  to  be  steel," — Comptes  Hendus, 
vol.  Hi,  April,  1861  ;  and  the  supporters 
of  this  theory,  who  go  further,  and  affirm 
that  steel  is  a  union  of  iron  with  cyano- 
gen, which  can  even  be  seen  burning 
with  a  violet  flame  during  the  process 
of  casting  steel.  However,  up  to  the 
present  time — 1868 — the  most  careful 
researches  of  Caron,  Marchand,  Biot, 
Bousingault,  Rammelsberg,  and  others, 
have  not  confirmed  the  assertions  of 
Fremy  ;  for,  on  the  one  hand,  nitrogen 
is  found  also  in  soft  wrought  iron  and 
in  cast  iron,  and  on  the  other,  the  quan- 
tity of  nitrogen  found  in  steel  is  very 
variable,  and  bearing  no  fixed  relation  to 
the  quantity  of  carbon  ;  and  further- 
more, it  exists  in  such  small  quantities  as 
to  be  less  than  a  tenth  part  of  the  car- 
bon. For  instance,  Bussengol  found 
0.00057  part  of  nitrogen  in  cast  steel, 
and  0.00124  part  in  soft  wrought  iron. — 
Comptes  Hendus,  vol.  lii,  p.  1251.  On 
another  occasion,  he  found  in  Krupp 
steel  0.00022  part  of  nitrogen,  and  in 
soft  wrought  iron  and  in  cast  steel. 
0.00007  each. —  Comptes  Hendus,  vol.  liii, 
p.  9. 

With  reference  to  the  influence  of 
different  metals  on  the  quality  of  steel, 
it  is  necessary  to  state  that  some  of  them 
communicate  a  particular  color,  some  di- 
minish the  tendency  to  rust,  and  others, 
displacing  the  carbon,  enable  the  steel  to 
acquire  very  great  hardness  in  temper- 
ing, and  so  on ;  but  the  greater  number 
of  substances  combined  with  steel,  even 
in  its  most  insignificant  proportions,  very 
considerably  lower  its  quality.  For  ex- 
ample, the  malleability  of  steel,  being  in 
direct  relation  to  the  quantity  of  carbon 
contained  in  it,  is  materially  lowered  by 
the  presence  of  foreign  substances. 
Bessemer  steel  No.  1,  containing  2  per 
cent,  of  carbon,  is  hardly  malleable — 
Boman,  Das  JBessemern  in  Schweden, 
1864  ;  whereas,  according  to  Anosoff, 
pure  steel  retains  its  malleability  with  3 
per  cent,  of  carbon,  forming  the  hardest 
boulat.  Speaking  generally,  all  the  ef- 
forts of  metallurgists  to  obtain  the  high- 
est qualities  of  steel  should  be  directed 
to  separating  impurities  from  the  raw 
Vol.  XV.— No.  4—22 


materials,  so  that  the  produce  of  their 
operations  should  be  a  combination  of 
iron  and  carbon  ;  and  all  the  specifics 
and  nostrums  forming  the  subjects  of  so- 
called  secrets  will  be  found  to  consist,  in 
effect,  not  in  the  introduction  of  new  ma- 
terials, but  in  purifying  the  raw,  and 
only,  as  a  last  expedient,  driving  out 
pernicious  impurities  by  means  of  sub- 
stances less  harmful.  It  may  as  well  be 
said  that  tungsten  steel  has  not  proved  a 
dangerous  rival  to  carbon  steel.  The 
fact  is  that  tungsten,  when  steel  contain- 
ing it  is  heated,  gradually  oxydizes,  at 
first  on  the  surface  of  the  ingots,  and 
then  by  degrees  to  the  very  center,  so 
that  after  a  few  heats  the  steel  loses  its 
peculiar  qualities.  The  oxydation  takes 
place  even  at  ordinary  temperatures.  As 
I  have  already  stated,  steel,  cast  and  al- 
lowed to  cool  quietly,  assumes  a  crys- 
talline structure.  If  you  heat  such  an 
ingot  to  a  bright  red  heat,  and  allow  it 
to  cool  without  working  it  in  any  way, 
then  on  breaking  the  mass  you  will  find 
that  its  structure  has  been  altered.  In 
order  to  explain  the  law  regulating  the 
ehange  of  structure  produced  by  heating, 
I  draw  a  line,  on  which,  as  on  the  scale 
of  a  thermometer,  I  shall  mark  certain 
points,  corresponding  to  several  deter- 
mined temperatures. 

Let  the  point  o  be  the  zero  of  the  ther- 
mometry scale  :  a  marks  the  tempera- 
ture of  dark  cherry-red  ;  b  red,  but  not 
sparkling  ;  and  c  the  melting  point  of  a 
given  sample  of  steel.  The  points  a,  b, 
and  c  have  no  permanent  place  on  the 
scale,  but  vary  with  the  quality  of  the 
steel  (in  pure  steel  this  variation  depends 
directly  on  the  quantity  of  carbon  con- 
tained) ;  the  harder  the  steel  the  nearer 
these  points  move  to  o,  and  the  softer 
the  steel  the  farther  off,  and,  speaking 
generally,  with  varying  rates.  The  lim- 
its of  these  movements  are  sufficiently 
narrow,  so  that  an  inexperienced  eye 
would  hardly  discern  them.  Not  having 
suitable  apparatus  for  measuring  the 
temperatures,  I  have  been  compelled  to 
denote  them  by  the  colors  exhibited  in 
heating,  the  various  shades  of  which 
only  an  experienced  eye  can  appreciate  ; 
and  it  must  be  added  that  the  colors 
named  have  reference  only  to  hard  and 
medium  qualities  of  steel ;  for  in  the 
very  soft  kinds,  nearly  approaching  to 
wrought  iron,  the  points  a  and  b  recede 
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very  far,  so  that,  for  example,  in  wrought 
iron  the  point  b  corresponds  to  white 
heat. 

The  definition  of  the  point  a  is  as  fol- 
lows : — Steel,  however  hard  it  may  be, 
will  not  harden  if  heated  to  a  tempera- 
ture lower  than  a,  however  quickly  it  is 
cooled  ;  on  the  contrary,  it  will  get  sen- 
sibly softer  and  more  easily  worked  with 
the  file.  Not  having  time  to  enter  into 
the  explanation  of  this  phenomenon,  I 
will  refer  to  the  investigation  of  Jullien 
(Les  affinites  capillaires  et  les phenomenes 
de  la  trempe  m,is  en  presence,  Paris,  1866) 
on  tempering  in  general,  from  which  he 
deduces  the  very  probable   conclusions 

No  change  of  structure. 


that  steel,  in  cooling  from  a  red  heat, 
appropriates  a  certain  amount  of  latent 
heat,  the  quantity  of  which  is  directly 
dependent  on  the  rate  of  cooling  ;  so 
that  the  quicker  the  steel  is  cooled  the 
greater  quantity  of  latent  heat  it  will 
contain  ;  but  if  the  rate  of  cooling  di- 
minishes below  a  certain  limit,  then  the 
latent  heat  all  escapes,  and  no  hardening 
can  take  place.  The  actual  hardening 
Jullien  explains  *by.  the  supposition  that 
the  carbon  assumes  an  abnormal  crystal- 
line condition.  I  will  add  from  myself 
that  all  this  takes  place  only  when  steel 
is  heated  above  the  point  marked  a  on 
our  scale.     The  definition  of  the  point  b 

Rising  from  b  to  c, 
amorphous  structure. 


Will  not  harden. 


Falling  from  c  to  b, 
crystallization. 


is  that  steel  heated  to  a  lower  tempera- 
ture than  b  does  not  change  its  structure, 
whether  cooled  quickly  or  slowly.  This 
expression,  however,  must  be  taken  con- 
ditionally, because  steel,  during  long 
periods  of  time,  and  especially  under  the 
influence  of  shocks  or  vibrations,  and  at 
ordinary  temperatures,  but  to  a  less  ex- 
tent than  wrought  iron,  changes  from 
the  finely  granular  to  the  course  crystal- 
line structure  ;  and  as  regards  the  heat- 
ed, and  therefore  softened,  condition, 
and  especially  at  temperatures  approxi- 
mating to  that  indicated  by  the  point  b, 
it  is  probable  that,  with  the  greater  fa- 
cility of  motion,  the  change  of  structure 
will  take  place  more  rapidly.  In  my 
own  experiments  I  have  kept  pieces  of 
steel  at  temperatures  near  to  b  for  about 
eight  hours,  but  after  cooling  slowly  in 
hot  sand  I  have  been  unable  to  detect 
any  change  of  structure.  As  soon  as  the 
temperature  has  reached  the  point  b  the 
substance  of  steel  quickly  passes  from 
the  granular  (or,  speaking  generally, 
crystalline)  condition  to  the  amorphous 
(wax-like  structure),  which  it  retains  up 
to  its  melting  point,  that  is,  to  the  point 
c.  In  this  condition  steel  possesses  the 
property  of  imcompressibility,  and,  at 
the  same  time  (with  respect  to  the  per- 
manence of  the  amorphism),  has  an  an- 
alogy to  an  exceedingly  concentrated  so- 


lution of  a  strongly  crystalline  salt.  To 
make  my  meaning  clearer,  imagine  a 
piece  of  crystalline  alum  put  into  a 
beaker  and  carefully  heated.  On  at- 
taining a  certain  determined  temperature 
the  piece  of  alum  will  appear  as  if  damp, 
the  separate  crystals  forming  the  mass 
will  seem,  as  it  were,  to  be  sticking  or 
clinging  to  each  other,  forming  a  mass 
on  the  point  of  melting,  and  which  actu- 
ally gradually  becomes  fluid,  and  forms 
a  solution  of  the  crystals  of  alum  in  their 
own  water  of  crystallization.  Now  if 
this  fluid  mass  be  allowed  to  cool,  it  will 
again  crystallize,  and  according  to  the 
conditions  under  which  this  cooling 
takes  place  we  can  obtain  any  quality 
of  crystals,  from  the  coarsest  to  grains 
so  fine  as  to  be  scarcely  perceptible  to 
the  naked  eye.  If  the  fluid  is  allowed  to 
cool  very  slowly,  and  in  perfect  quiet, 
then  large  regular-shaped,  well-develop- 
ed crystals  will  be  formed  ;  but  if,  with 
the  same  gradual  cooling,  the  liquid  is 
kept  in  constant  agitation  (shaken  up), 
the  crystals  will  come  out  very  small. 
Allowed  to  cool  quietly  but  rapidly,  the 
crystals  will  also  be  small ;  and,  finally, 
the  least  favorable  condition  for  crystal- 
lization is  when  the  liquid  cools  rapidly, 
and  is  at  the  same  time  violently  agitat- 
ed. In  a  word,  all  depends  upon  the 
greater  or  less  time  and  the  greater  or 
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less  freedom  of  motion  the  particles 
possess  among  themselves  for  collection 
into  crystals  ;  the  first  condition  depends 
upon  the  rate  of  cooling,  the  second,  up- 
on the  quiet  and  the  greater  or  less  den- 
sity (thickness)  of  the  mass  undergoing 
crystallization.  The  same  changes  take 
place  in  the  structure  of  steel  heated  above 
the  point  b.  The  higher  steel  is  heated 
the  softer  it  becomes,  the  greater,  there- 
fore, is  the  liberty  its  particles  possess  to 
group  themselves  into  crystals — if  the 
quiet  of  the  mass  is  not  disturbed  by  ex- 
traneous forces ;  and  the  slower  the 
temperature  is  suffered  to  fall  to  the 
point  b  the  more  time  they  have  for  the 
purpose.  At  temperatures  lower  than  5, 
as  already  stated,  the  structure  of  the 


mass  does  not  alter.  In  this  case  the 
action  of  carbon  on  iron  may  be  likened 
to  that  of  water  of  crystallization  on  its 
salt  ;  that  is,  it  may  be  supposed  that 
carbon  at  the  temperature  b  begins  to 
dissolve  iron  just  like  the  water  of  crys- 
tallization at  certain  temperatures  com- 
mences to  dissolve  the  solid  substances 
of  the  salt.  This  hypothesis  receives 
confirmation  in  the  process  of  cementa- 
tion, in  which  the  iron  must  be  heated  to 
above  a  certain  temperature  or  no  effect 
will  be  produced,  no  matter  how  long 
the  bars  remain  in  contact  with  the  car- 
bon ;  it  is  very  probable  that  the  tem- 
perature at  which  carbon  begins  to  be 
absorbed  in  cementation  is  very  near  to 
the  point  b. 


The  power  of  steel  to  become  granu- 
lar may  be  graphically  illustrated  thus  : 
On  our  scale  of  temperatures  o,  a,  b,  c, 
a  curved  line  rises  from  the  point  b,  and 
the  ordiuates  y  y,  &c,  of  this  curve  rep- 
resent the  degree  of  development  of  the 
grains  for  the  corresponding  tempera- 
tures xxx,  which  become  the  abscissae, 
but  necessarily  under  similar  conditions 
of  cooling  from  the  several  temperatures 
x  x  to  the  temperature  b.  At  some  tem- 
perature X  lower  than  the  melting  point 
C,  the  ordinate  Y  becomes  infinite,  and 
an  asymptote  to  the  curve,  the  practical 
significance  of  which  is  apparent  in  the 
well  known  fact  that  steel  will  not  en- 
dure a  high  welding  heat,  but  falls  to 
pieces  in  the  fire  ;  and  the  harder  the 
steel  the  lower  is  the  temperature  at 
which  this  takes  place,  and,  therefore, 
the  nearer  is  the  temperature  X  to  g, 
and  the  farther  from  C. 

In  manufacturing  articles  of  steel  we 
try  to  get  them  as  much  as  possible  of  a 
fine-grained      structure,     especially      if 


strength  or  toughness  is  the  first  object 
sought.  I  say  that  it  is  better  to  obtain 
steel  of  a  finely  crystalline  structure,  be- 
cause numerous  experiments  have  de- 
monstrated that  the  greater  the  prepon- 
derance of  the  crystalline  formation,  the 
larger  and  more  regular  the  crystals  are 
in  a  given  piece  of  steel,  the  less  resist- 
ance does  it  offer  to  fracture,  the  less 
tenacity  does  it  possess,  and,  therefore, 
men  connected  practically  with  the  work- 
ing of  steel  recognize  its  qualities  by  the 
appearance  of  its  fracture.  If  the  fract- 
ure is  fine-grained,  they  say  the  steel  is 
well  forged  and  consolidated  ;  if  it  is 
coarse-grained,  it  is  badly  forged  and  of 
an  open  character. 

Although  we  are  in  the  habit  of  asso- 
ciating with  the  forging  of  steel  an  idea 
of  increased  density,  yet,  in  reality,  it 
appears  that,  in  most  cases,  forging  only 
changes  the  form  of  the  steel,  and,  ac- 
cording to  the  relations  between  the 
force  of  the  blows  and  the  thickness  of 
the  piece  of  steel  being  worked,  hinders 
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crystallization  of  the  mass  to  a  greater 
or  less  degree,  but  does  not  increase  its 
density — I  am  speaking  only  of  forging 
above  the  temperature  b,  such  as  is 
general  in  working  large  ingots.  The 
force  of  the  blows  is  too  small  to  van- 
quish that  gigantic  molecular  force  of 
heat  that  keeps  the  particles  of  steel  at  a 
definite  distance  one  from  the  other. 
The  problem  of  forging — at  tempera- 
tures higher  than  b — consists  in  this, 
that  while  changing  the  form  of  the 
mass  of  steel  it  should  have  no  time  to 
cool  and  crystallize  quietly,  but  should 
be  kept  in  the  amorphous  condition  till 
such  time  as  the  temperature  sinks  below 
the  point  b,  after  which,  if  left  to  cool  in 
quiet,  the  mass  will  no  longer  crystallize, 
but  will  possess  great  tenacity  and  ho- 
mogeneity of  structure,  so  that  it  will 
oppose  in  all  its  parts  a  uniform  resist- 
ance to  external  forces,  of  course  sup- 
posing the  chemical  composition  of  the 
mass  throughout  to  be  the  same.  But 
if  the  problem  of  forging  was  limited  to 
the  above  conditions,  it  is  easily  seen 
that  working  steel  under  the  hammer 
might  be  dispensed  with,  and  the  re- 
quired form  given  at  once  by  casting  in 
suitable  moulds,  and  preventing  crystal- 
lization by  rapid  cooling.  In  reality, 
however,  things  are  very  different.  The 
difficulty  of  forging  is  aggravated  by  the 
circumstance  that  the  cast  ingots  out  of 
which  guns,  for  example,  have  to  be 
made  are  full  of  pores  filled  with  gas, 
bubbles  penetrating  the  interior  as  well 
as  the  surface  of  the  mass,  and  also  with 
scales  and  cracks  due  to  contraction,  so 
that,  as  the  castings  are  delivered  from 
the  foundry,  it  would  be  impossible  to 
make  use  of  them.  These  bubbles  and 
cracks  must  be  squeezed  or  pressed  to- 


gether, and  this  can  only  be  done  by 
powerful  mechanical  means — by  heavy 
forging.  Simply  unforged  cast  steel  is 
neither  less  dense  nor  less  strong  than 
steel  of  the  same  molecular  structure, 
and  forged  at  temperatures  higher  than 
b. 

To  convince  myself  of  this,  I  made  a 
number  of  experiments,  first  on  the  den- 
sity of  the  two  kinds  of  steel,  and  found 
that  in  most  cases  forging  had  diminish- 
ed the  specific  gravity  ;  and,  secondly, 
I  found  that  the  tenacity  of  the  cast 
steel  was  in  nowise  less  than  that  of  the 
forged,  provided,  as  I  said  before,  both 
have  the  same  structure.  To  prove  this, 
I  took  a  cast  ingot  of  coarse  crystalline 
structure.  I  had  it  cut  longitudinally 
into  four  parts.  One  of  these  parts  was 
turned  down  in  the  lathe,  and  tested  in 
the  proving  machine.  The  second  piece 
was  heated  to  bright  red,  and  vigorous- 
ly forged  under  a  three-ton  hammer,  the 
forging  being  stopped  when  the  temper- 
ature fell  to  very  nearly  the  point  b  ; 
the  specimen  was  then  turned  down,  and 
also  tested  in  the  proving  machine.  The 
third  piece  was  made  red-hot,  very  near- 
ly the  same  temperature  at  which  the 
forging  of  the  second  piece  terminated, 
and  was  allowed  to  cool  in  the  open  air 
without  being  forged.  Having  broken 
a  small  piece  off  this  last  specimen,  I 
found  that  it  had  assumed  a  finely  granu- 
lar structure  very  similar  to  that  of  the 
second  forged  specimen.  The  third  sam- 
ple was  also  turned  down  in  the  lathe, 
and  tested,  The  three  specimens  are 
now  before  you,  and  you  may  judge  for 
yourselves  what  varieties  of  structure 
the  self- same  piece  of  steel  may  be  made 
to  assume.  The  results  of  the  experi- 
ments are  given  in  the  following  table  : 


Ultimate 

strength,  in 

tons,  per 

sq.  inch. 


Ultimate 
extension. 


Diameter  of 

specimen 

— inch. 


Dynamic  resist- 
ance per  cubic 
inch  in  inch  tons 
Ultimate  strength 
x  \  elongation. 


1st.  Unforged  specimen 

2d.   Vigorously  forged  specimen 

3d.    Not   forged,    but    made    finely 
granular  by  heating 


34.8 
41.5 

38.7 


0.023 
0.053 

0.166 


0.885 
0.85 

0.63 


0.8 
1.1 

3.21 


I  must  also  remark  that  on  the  frac- 
tured surface  of  the  third  sample,  as  you 


may  observe  for  yourselves,  there  is  a 
spot  of  iron  occupying  about  one-sixth 
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of  the  area,  and  which  was  undoubtedly 
the  cause  of  premature  fracture,  for  the 
appearance  of  the  fracture  clearly  shows 
that  it  began  at  that  spot.  In  order  to 
establish  the  propositions  I  have  advanc- 
ed, it  will,  of  course,  be  necessary  to  in- 
stitute a  complete  series  of  experiments.* 
As  regards  trials  by  bending  and  break- 
ing under  the  hammer,  an  immense  num- 
ber of  experiments  have  convinced  me  of 
the  correctness  of  my  views. 

From  what  has  been  said  above,  you 
must  have  .perceived  that  the  whole  point 
lies  in  the  structure  of  the  steel,  and 
that  for  successful  forging  the  heated  in- 
got, after  it  is  taken  out  of  the  furnace, 
must  be  forged  as  quickly  as  possible,  so 
as  to  leave  no  spot  untouched  by  the 
hammer,  no  spot  in  which  the  steel  might 
crystallize  quietly,  because,  as  I  have 
said,  the  heated  piece  of  steel  must  be 
considered  in  an  analogous  condition  to 
a  saturated  solution  of  a  strongly  crys- 
tallizing salt,  which,  the  moment  it  is 
allowed  to  cool  quietly,  develops  large 
crystals.  I  repeat  that  this  has  refer- 
ence to  temperatures  higher  than  b. 

To  show  you  how  great  is  the  tendency 
to  crystallization  in  steel  heated  up  to  a 
high  temperature,  and  allowed  to  cool 
quietly,  even  for  a  short  time,  I  have 
brought  some  specimens  by  which  you 
can  judge  of  this  tendency.  The  larger 
specimen  was  obtained  under  the  fol- 
lowing circumstances  :  An  ingot  of  soft 
steel  prepared  for  forging  was  allowed 
to  remain  in  the  furnace  for  half  an  hour 
after  it  had  been  heated  to  a  bright  or- 
ange heat,  because  the  hammer  was  oc- 
cupied by  another  forging.  But,  in  or- 
der not  to  overheat  the  ingot,  the  smith 
reduced  the  temperature  of  the  furnace, 
and  gradually  let  down  that  of  the  work 
to  a  bright  red.  If  you  will  now  call  to 
mind  what  I  have  said  about  the  ten- 
dency of  steel  to  crystallize  in  cooling 
between  the  temperatures  c  and  5,  you 
will  readily  believe  that  during  this  half 
hour  the  ingot  had  time  to  change  its 
internal  structure  from  the  amorphous  to 
the  crystalline,  a  change  which  was 
greatly  assisted  by  the  extreme  soften- 
ing it  had  undergone  at  the  higher  tem- 
perature, which  presented  favorable  con- 
ditions for  the  movement  of  the  parti- 

*  18T5.  Since  the  above  was  written,  numerous  ex- 
periments at  the  Abouchoff  Works  have  fully  demon- 
strated the  truth  of  my  views. 


cles  within  the  mass.  As  soon  as  the 
hammer  was  at  liberty,  the  ingot  was 
taken  out  of  the  furnace,  and  placed  on 
the  anvil ;  with  the  very  first  blow  on 
its  middle,  the  end  of  the  ingot  tumbled 
off  from  the  effects  of  the  concussion  ; 
the  form  of  the  fracture  you  can  see  on 
the  first  specimen  before  you.  The  re- 
maining samples  are  taken  from  other 
ingots  under  similar  circumstances,  and 
they  all  show  how  strongly  the  crystals 
have  developed  themselves  ;  and,  more- 
over, each  crystal  seems  to  have  formed 
itself  in  an  independent  manner,  with  so 
little  cohesion  to  the  neighboring  crys- 
tals that  one  shock  was  sufficient  to 
separate  them,  and  allow  the  overhang- 
ing piece  to  detach  itself  by  its  own 
weight.  The  specimens  show  that  frac- 
ture has  taken  place  only  along  the  sur- 
faces of  the  crystals,  and  nowhere 
through  the  body  of  them. 

It  might  be  concluded  from  the  inci- 
dent above  described  that  the  ingot  was 
completely  spoiled,  and  could  not  be 
forged  again.  But  such  a  conclusion 
would  be  quite  erroneous.  It  is  true 
that  the  higher  the  temperature  of  the 
steel,  the  more  susceptible  is  it  to  the 
action  of  the  furnace  gases,  and  the 
quicker  it  changes  its  chemical  condi- 
tion, so  that  if  kept  to  a  high  tempera- 
ture in  the  furnace  it  will  gradually  lose 
its  carbon  and  be  slowly  converted  into 
iron,  burning.  The  example  I  have 
cited,  however,  is  only  a  case  of  over- 
heating ;  and  in  order  to  know  how  to 
correct  the  mistake  made  we  must  turn 
to  the  conditions  of  crystallization.  Let 
us,  again,  take  the  beaker  of  melted 
alum.  Suppose  the  melting  point  to  be 
t0,  and  that  the  solution  was  further 
heated  up  to  U  under  which  operation  it 
would  continue  liquid.  Let  the  tem- 
perature fall  gradually,  keeping  the  so- 
lution perfectly  quiet,  then  we  shall  find 
that  at  some  temperature  t  between  t 
and  U  the  salt  will  begin  to  crystallize  ; 
but  it  is  only  necessary  to  shake  up  the 
solution  to  make  the  crystals  dissolve 
again  at  the  same  temperature  t.  We 
shall  notice,  also,  that  there  is  scarcely 
any  cohesion  between  the  separate  crys- 
tals so  formed,  and  if  we  do  not  wish  to 
disturb  their  mutual  relations,  we  shall 
have  to  allow  the  crystallizing  solution 
to  cool  below  the  temperature  t0,  and 
then  by  a  second  heating  up   to   t0  we 
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should  again  receive  a  fluid  mass.  The 
same  result  would  be  obtained  by  a  sim- 
ple single  increase  of  temperature  ;  the 
difference  lies  in  this,  that  the  liquid  pro- 
duced from  the  destruction  of  the  in- 
cipient crystals  in  the  three  cases  stated 
has  three  distinct  temperatures.  Apply- 
ing this  reasoning  to  steel,  it  is  easy  to 
see  that,  in  the  case  cited,  the  tempera- 
ture of  the  ingot  should  have  been  raised 
again  before  forging,  so  as  to  impart  to 
it  an  amorphous  structure  ;  it  should 
then  have  been  quickly  and  unceasingly 
forged  all  over  its  extent  while  the  tem- 
perature was  lowering  somewhat,  and 
the  tendency  to  crystallization  decreas- 
ing. Or  the  particles  that  had  com- 
menced to  crystallize  might  have  been 
brought  into  a  motion  corresponding  to 
the  shaking  of  the  beaker,  but  very 
carefully,  so  that  the  crystals  formed 
should  not  fall  to  pieces,  in  other  words, 
hammered  with  the  very  lightest  blows  ; 
and  the  temperature  being  higher  than  b, 
the  crystals  would  have  run  into  each 
other,  the  ingot  would  have  assumed  the 
amorphous  condition,  after  which  it 
might  have  been  worked  like  a  piece  of 
wax.  It  is,  of  course,  better  under  such 
circumstances  to  allow  the  over  heated 
ingot  to  cool  quietly,  then  to  heat  it 
again,  taking  care  not  to  allow  the  tem- 
perature to  rise  too  high  and  give  the 
mass  an  opportunity  of  again  changing 
the  restored  amorphous  condition  to  a 
crystallized  one  ;  the  forging  will  then 
not  require  any  special  precautions,  and 
the  ingot  will  not  tumble  to  pieces. 

It  is  worthy  of  remark  that  if  a  piece 
of  steel  be  so  greatly  overheated  as  to 
assume  a  strongly  crystalline  structure, 
and  become  liable  to  destruction  at  the 
least  shock,  and  is  allowed  to  cool  quiet- 
ly, then  the  separate  crystals,  if  they 
have  not  been  separated  by  external 
forces  while  in  a  heated  state,  become  so 
joined  or  grown  together  that  the  frac- 
ture of  the  cold  piece  takes  place,  not 
along  the  surfaces  of  the  separate  crys- 
tals, but  indifferently  through  their  mass, 
though  the  junctions  of  the  fractures  of 
individual  crystals  generally  take  place 
along  their  planes  of  adhesion,  owing 
to  which  such  fracture  is  always  very 
sparkling.  From  this  it  is  evident  that 
the  close  contact  of  two  surfaces  of 
metals  of  the  same  nature  heated  to  a 
higher  temperatnre  than  b  is  sufficient  to 


produce  union.  This  is,  in  fact,  welding  ^ 
and  if,  in  welding,  hammering  is  always 
necessary,  it  is  only  because,  in  the  first 
place,  it  is  very  difficult,  without  ham- 
mering, to  press  two  pieces  one  against 
the  other  ;  and,  secondly,  that  it  is 
otherwise  difficult  to  free  the  surfaces  to 
be  welded  from  the  slag  which  alone 
protects  them  from  oxydation  during  the 
heat.  Of  course  the  more  homogeneous 
or  analogous  the  structure  of  the  two 
pieces  the  more  perfect  will  be  the  union  ; 
but  one  of  the  first  conditions  is  that 
there  should  be  the  fullest  contact  be- 
tween the  unoxydized  metallic  surfaces. 
Up  to  the  present  we  have  been  dis- 
cussing ,the  forging  of  steel  only  at  tem- 
peratures higher  than  the  point  b,  and 
we  have  stated  that  the  aim  of  the  forge 
master  must  be  to  change  the  form  of 
his  ingot  in  such  manner  as  to  keep  all 
its  particles  in  constant  motion,  and  so 
hinder  the  formation  of  crystals,  which 
materially  lower  the  tenacity  of  the  steel. 
Let  us  now  see  what  circumstances 
arise  in  forging  below'  the  tempera- 
ture b.  The  fracture  of  a  piece  of  cast 
steel  presents  a  rough  surface  consisting 
of  groups,  as  it  were,  of  crystalline 
debris — so-called  grains — piled  one  on 
another,  and  generally  of  a  very  irregu- 
lar form.  Under  the  microscope  it  is 
easy  to  see  considerable  interstices  be- 
tween the  groups  of  grains,  and,  on  more 
minute  examination,  spaces  may  be  ob- 
served between  the  grains  themselves,, 
which  form  with  each  other'  various  in- 
terlacings  and  combinations.  In  a  word,, 
steel,  under  the  microscope,  has  a  more 
or  less  porous  structure,  at  first  sight, 
destructive  of  any  belief  in  the  tenacity 
ascribed  to  it.  Time  will  not  permit  me 
to  enter  into  details  relating  to  the  ap- 
pearance, size,  and  arrangement  of  the 
grains  ;  it  answers  my  purpose  simply 
to  direct  attention  to  the  fact  that 
among  the  grains  of  steel  there  are  nu- 
merous vacant  spaces — pores.  The  ques- 
tion arises — what  becomes  of  these  pores 
when  the  steel,  being  heated  up  to  the 
temperature  b,  acquires  the  amorphous 
condition  ?  In  all  probability,  during 
the  rise  of  temperature  from  o  to  b,  the 
expansion  of  each  individual  grain, 
formerly  in  itself  a  compact  body,  goes 
on  incomparably  faster  than  the  increase 
of  the  external  dimensions  of  the  piece 
of  steel,  so  that  the  period  at  which  it 
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assumes  the  amorphous  condition  coin- 
cides with  the  moment  when  the  atoms 
composing  the  individual  grains,  moving 
away  from  each  other  under  the  influ- 
ence of  heat,  fill  up  these  spaces  ;  it  is, 
therefore,  conceivable  why  steel  becomes 
at  this  stage  incompressible — why  it  is 
impossible  to  increase  its  density  by 
hammering,  no  matter  how  heavy  the 
blow  may  be. 

It  is  evident,  from  the  above  reason- 
ing, that  if  we  wish  to  increase  the  den- 
sity of  steel,  to  approach  its  component 
grains  to  each  other  and  so  bring  them 
to  a  more  energetic  cohesion,  we  must 
do  so  when  not  opposed  by  the  force  of 
heat,  that  is  only  at  temperatures  below 
the  point  b.  Thus,  forging  at  tempera- 
tures below  the  amorphous  condition  has 
the  important  advantages  we  are  in  the 
habit  of  ascribing  to  it.  We  never  forge 
large  ingots  below  the  temperature  of 
amorphous  structure,  and  guns  never 
were  and  never  are  forged  below  that 
point3  because  for  gun  steel  it  lies,  as  I 
have  already  stated,  at  a  dull  red  heat, 
that  is,  within  limits  below  which,  with 
the  mechanical  means  at  our  disposal, 
we  can  produce  no  effect  on  large  steel 
masses.  It  would  be  necessary  to  forge 
small  ingots  under  our  largest  hammers, 
and  what  an  exhibition  of  inadequate 
mechanical  appliances  would  be  present- 
ed if  a  4-pounder  gun  were  forged  under 
a  35-ton  hammer  !  The  practice  now  is 
to  forge  the  4-pounders  under  the  3-ton, 
and  sometimes  the  5-ton  hammer,  while 
the  35-ton  hammer  is  used  for  the  6  in., 
8  in.,  and  9  in.  guns,  in  which  the  diame- 
ter of  the  cast  ingot  reaches  up  to  40  in. ; 
but  if  you  picture  to  yourself  such  a 
large  mass  of  steel  heated  to  a  non- 
sparkling  red  heat,  you  will  .  perceive 
that  the  utmost  efforts  of  the  heaviest 
hammer  will  remain  inoperative — it 
would  be  impossible  to  forge  it.  Forg- 
ing is  carried  on  at  points  below  the 
amorphous  condition,  but  it  is  only  in 
very  small  pieces,  and  by  those  who 
have  some  knowledge  of  the  influence  of 
heat  on  steel. 

If  a  cast  ingot  of  any  given  structure 
is  heated  not  higher  than  the  point  b, 
then  in  its  heated  state  it  will  retain  its 
structure.  If  it  was  crystalline,  then  in 
a  heated  state  it  would  be  composed  of 
the  same  crystals,  which,  however,  would 
be  considerably  softened.     If  the  piece 


of  steel  be  forged  in  this  condition,  then 
its  crystals  or  grains,  being  driven 
against  each  other,  will  change  their 
shapes,  becoming  elongated  in  one  direc- 
tion and  contracted  in  another,  and  the 
increase  of  density  becomes  so  considera- 
ble that  I  have  found  the  specific  gravity 
rise  as  high  as  eight,  which  I  have  never 
yet  found  in  steel  forged  at  temperatures 
higher  than  b.  This  comparatively  cold 
forging  communicates  to  the  metal  great 
clearness  of  ring,  it  is  no  longer  so  easily 
worked  with  the  file,  weak  sulphuric 
acid  produces  hardly  any  effect  on  it,  and 
so  on.  With  regard  to  its  absolute  ten- 
sile strength,  I  regret  very  much  that  I 
have  been  unable  to  make  any  experi- 
ments ;  but  there  can  be  no  doubt  that 
it  is  very  high.  The  fracture  of  such 
steel  has  a  silky  lustre,  and  under  the 
microscope  it  is  very  difficult  to  trace  the 
limits  of  the  individual  grains  ;  they 
present  the  appearance  of  waxy  little 
balls  squeezed  together  under  a  powerful 
press.  If  you  cut  off  and  polish  the  sur- 
face of  a  piece  of  steel  so  treated,  and 
then  immerse  it  in  weak  sulphuric  acid, 
after  a  time  a  pattern  will  form  on  the 
surface,  which  presents  the  appearance 
of  an  irregular  interlacing  of  crooked 
lines,  the  size  of  the  network  depending 
on  the  original  size  of  the  crystals,  the 
manner  of  forging  and  so  on.  I  have 
already  stated  that  the  tendency  to 
crystallization,  as  well  as  the  form  of 
the  crystals  and  their  relative  positions, 
depends  on  the  purity  of  the  steel,  and 
the  conditions  under  which  the  cast  in- 
gots are  poured  and  cooled.  In  the 
higher  qualities  of  boulat,  the  tracery 
developed  by  acid  is  of  remarkable 
beauty  and  regularity. 

The  cause  of  the  patterns  appearing 
is  the  various  groupings  of  the  crystals 
during  their  formation.  These  crystals 
have  not  the  same  chemical  composition  ; 
the  lighter  parts  of  the  tracery  contain 
much  more  carbon  than  the  darker  parts 
— a  fact  which  I  have  demonstrated — 
and  consequently,  simultaneously  with 
the  grouping  of  the  crystals  or  grains, 
there  is  a  segregation  of  like  chemical 
compounds.  If  you  heat  the  piece  of 
steel  thus  marked — damascened — up  to 
the  temperature  b,  or  a  little  higher,  and 
allow  it  to  cool  again,  you  will  no  longer 
be  able  to  obtain  any  pattern  by  the 
action  of  acids.     From  what  has  been 
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already  said,  the  cause  of  this  must  be 
quite  plain,  and  I  need  not  dwell  on  it 
any  longer.  In  conclusion,  I  will  show 
in  what  manner  the  properties  of  a  cast 
steel  ingot  may  be  best  taken  advantage 
of.  With  respect  to  forging  at  tempera- 
tures below  the  amorphous  condition, 
we  can  only,  as  I  have  already  stated, 
make  the  smallest  guns  under  .the  largest 
hammers.  We  have  at  present  no  mech- 
anism capable  of  dealing  with  large 
masses  at  low  temperatures  ;  but  if  it 
were  possible,  there  can  be  no  doubt 
that  guns  so  forged  would  be  of  the  very 
best  quality,  and  their  reception  into  the 
service  would  be  facilitated  by  the 
appearance  of  the  patterns  brought  out 
by  weak  acids,  because  of  the  close  con- 
nection which  exists  between  the  quality 
and  the  appearance  of  the  steel  so 
treated. 

To  adapt  ourselves  to  the  means  pos- 
sessed by  our  steelworks,  we  must  strive 
to  obtain  our  material  as  much  as  possi- 
ble of  a  fine  grained  structure;  and  with 
this  view  it  is  necessary,  as  we  have 
already  seen,  to  heat  the  ingots  to  a  high 
temperature,  and  to  keep  forging  them 
until  they  cool  down  below  the  tempera- 
ture b,  because,  by  so  doing,  we  shall  be 
giving  the  work  the  required  form,  and 
at  the  same  time  prevent  its  structure 
becoming  crystalline,  but  rather  make  it 
approach  the  amorphous  condition.  But 
if  we  examine  the  circumstances  attend- 
ing the  practical  application  of  this  rule 
to  the  forging  of  ingots  intended  for 
heavy  guns,  we  shall  find  that,  in  many 
cases,  it  will  be  impossible  to  carry  it 
out,  and  a  forging  will  be  obtained  the 
structure  of  which  is  far  from  uniform, 
and  more  likely  to  be  coarse  crystalline 
than  fine-grained.  We  shall  attain  our 
object  more  easily,  and  with  more  cer- 
tainty, if  after  having  given  the  forging 
the  desired  shape,  we  alter  its  structure 
to  the  homogeneous  amorphous  condition 
by  heating  it,  and  then  fix  that  condition 
by  rapid  cooling  to  a  temperature  lower 
than  b.  For  this  purpose,  it  is  of  course 
necessary  to  surround  the  ingot  after 
heating  by  some  rapidly  cooling 
medium. 

From  what  has  been  said  above,  it  is 
evident  that,  with  the  same  rate  of  cool- 
ing, we  shall  fix  the  amorphous  condition 
of  the  steel  with  the  greatest  certainty 
when  we  exceed  the  temperature  b  as 


little  as  possible  ;  and  for  that  reason  it 
is  well  to  determine  that  temperature  for 
each  ingot  beforehand.  Having,  there- 
fore, heated  the  finished  forging,  or 
better  still,  the  rough  turned  and  bored 
gun,  to  a  temperature  somewhat  higher 
than  b — a  point  which  ought  to  be  de- 
termined by  the  pyrometer — let  it  then 
be  plunged  as  quickly  as  possible  into 
the  cooling  medium,  be  it  water,  oil,  or 
what  not,  and  having  reduced  the  tem- 
perature of  the  work  to  below  the  point 
b,  allow  it  to  finish  cooling  gradually,  so 
as  to  prevent,  as  far  as  possible,  internal 
strains  due  to  sudden  and  unequal  con- 
traction. To  show  you  what  changes 
may  be  produced  in  the  structure  of 
steel  by  the  operations  described,  I  lay 
before  you  three  specimens.  They  are 
all  broken  from  the  same  piece  of  steel. 
The  first  specimen  exhibits  the  coarsely 
crystalline,  porous  structure  that  charac- 
terized the  ingot,  notwithstanding  that  it 
was  well  worked  under  the  35-ton  ham- 
mer. The  second  sample  was  heated  to 
a  little  above  a  bright  red  non-sparkling 
heat,  and  then  allowed  to  cool  in  the 
open  air.  Comparing  the  fractures  of 
these  two  pieces,  you  perceive  the  struc- 
ture is  totally  different,  though  offering 
one  surface  to  the  other  proves  by  the  fit 
that  the  two  pieces  were  at  one  time 
united,  and  that  neither  piece  has  been 
touched  by  the  hammer  since  they  were 
broken  asunder.  The  third  fragment  of 
the  same  piece  was  heated  to  a  bright 
red  heat,  and  then  quickly  plunged  into 
water,  and  left  till  the  temperature  sank 
to  a  reddish-brown  heat  ;  it  was  then 
taken  out  and  allowed  to  cool  in  the 
open  air.  The  fracture  shows  that  on 
the  external  surfaces,  for  a  depth  of  0.1 
in.  the  amorphous  condition  has  been 
completely  preserved.  In  the  centre  of 
the  piece  the  mean  diameter  of  the 
grains,  as  measured  by  the  microscope, 
is  0.0004  in.,  while  the  mean  diameter  in 
the  first  piece  was  0.15  in.,  and  in  the 
second,  0.005  in.  To  this  I  may  add 
that  to  break  the  first  piece  one  blow  of 
a  hand-hammer — ?  sledge — was  sufficient, 
to  break  the  second  requirecl  five  such 
blows,  and  the  third  piece  had  to  be 
broken  under  a  steam-hammer,  because 
the  strength  of  the  smith  was  inadequate 
for  the  work. 

A  similar  experiment  was  made  with 
the  tire  of  a  railway  wagon  wheel.     A 
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piece  of  an  ordinary  tire  was  broken  by 
a  5-ton  hammer  into  three  pieces.  One 
of  them  was  heated  to  a  light  red,  and 
then  thrown  on  the  floor  to  cool  in  the 
open  air  to  the  ordinary  temperature.  It 
was  then  put  under  the  5-ton  hammer, 
and  required  four  heavy  blows  to  break 
it,  whereas  the  first  piece  broke  under 
one  blow  of  the  same  hammer.  The 
third  piece  I  heated  to  a  bright  red  heat, 
plunged  it  quickly  into  water,  and  took 
it  out  again  when  cooled  to  a  reddish- 
brown  heat,  and  then  found  that  it  re- 
quired five  heavy  blows  of  the  5 -Ion 
hammer  to  break  it.  Therefore,  I  say, 
that  in  order  to  fix  the  amorphous  con- 
dition, and  thereby  to  increase  the  tenac- 
ity of  steel,  it  is  necessary  to  plunge  it, 
after  heating,  into  water.  It  may  be 
cooled  in  oil,  but,  in  the  first  place,  this 
is  expensive,  and,  in  the  next,  numerous 
precautions  have  to  be  taken  to  prevent 
the  oil  catching  fire.  With  respect  to 
cooling  in  water,  I  must  add  that  the 
conductivity  of  hot  metal  is  very  small, 
and  that  although  the  external  visible 
parts  soon  show  the  desired  fall  of  tem- 
perature, yet  the  central  portions  remain 
very  much  hotter  ;  it,  therefore,  requires 
care,  experience,  and  many  precautions 
to  avoid  the  too  rapid  cooling  of  the 
outer  layers,  and  the  consequent  develop- 
ment of  severe  internal  strains.  Time 
will  not  permit  me  to  treat  this  subject 
in  greater  detail.  I  can  only  state  my 
opinion  that  not  only  should  every  gun 
be  subjected  to  the  treatment  above 
described,  but  also  every  article  made  of 
steel,  as,  for  example,  tires,  axles,  shafts, 
&c* 

It  follows,  from  the  principles  laid 
down,  that  any  steel  article  having, 
from  constant  work  and  concussion,  lost 
its  original  strength,  that  is,  assumed  a 
crystalline  structure,  as  happens  to 
wagon  axles,  engine  shafts,  &c,  can,  by 
the  help  of  the  process  above  described, 
be  completely  restored  by  having  com- 
municated to  it,  if  not  an  amorphous 
structure,  at  least  one  so  finely  grained 
as  to  be  nearly  equal  to  it,  and,  at  the 
same  time,  a  compactness  and  tenacity  it 
very  likely  did  not  possess  when  newly 
taken  into  service.  I  trust  that  you  will 
now  fine  it  easy  to  understand  the  cir- 


*  1875.  A  wagon  axle  treated  in  the  above  manner, 
and  cooled  in  water,  withstood  twenty-two  blows  of  % 
ton  weight  falling  fourteen  ft.,  and  remained  unbroken. 


cumstances  and  facts  which  I  brought 
under  your  notice  at  the  commencement 
of  this  paper.  I  have  heard  with  pleas- 
ure, from  a  friend  just  returned  from 
England,  that  at  the  Woolwich  Arsenal 
they  have  adopted  the  practice  of  heat- 
ing their  steel  gun  linings,  after  forging 
and  rough  turning,  and  plunging  them 
into  oil ;  he  was  unable  to  give  me  any 
details  of  the  operation,  as  he  only 
noticed  it  in  passing,  but  the  object  of 
the  treatment  was,  he  ascertained,  to 
give  the  the  steel  greater  tenacity.  It 
is  possible  that  I  may  soon  obtain  infor- 
mation as  to  the  reasoning  which  led  to 
;  the  adoption  of  this  practice,  and  I  shall 
|  be  exceedingly  pleased  if  I  find  it  is  based 
I  on  theories  similar  to  those  I  have  had 
I  the  honor  of  laying  before  you  this  day. 
With  respect  to  the  doctrines  I  have 
|  been  advocating,  I  have  been  accused  of 
being  too  bold  in  my  conclusions,  but  I 
am  prepared  to  take  a  still  more  deci- 
sive step,  and  to  announce  the  opinion, 
resulting  from  my  observations,  that 
"  future  investigation  into  the  question 
of  forging  steel  will  not  deviate  from 
the  path  into  which  we  have  this  day 
directed  it." 


In  a  report  drawn  up  by  the  deputation 
of  workmen  who  were  sent  from  Paris  to 
the  Vienna  Exhibition  three  years  ago, 
and  only  lately  published,  the  following 
arguments  are  advanced  in  favor  of  piece- 
work : — "In  most  of  the  Paris  manufac- 
tories and  workshops  workmen  are  paid 
by  the  hour.  Now,  it  always  happens 
that  the  employer  fears  that  the  amount 
and  quality  of  the  work  executed  is  not 
worth  the  price  he  pays  for  it;  the  work- 
man, on  the  other  hand,  being  under- 
paid, is  always  afraid  of  doing  too  much. 
In  self-defence,  the  employer  resorts  to 
vexatious  precautions  which  are  of  no 
use  to  him,  and  which  only  excite  the 
resentment  of  the  workman — a  resent- 
ment which  he  loses  no  opportunity  of 
displaying.  This  latent  animosity  be- 
tween the  employer  and  the  workman 
is  to  be  deplored  in  the  interest  of  both 
parties,  and  the  best  way  of  putting  an 
end  to  it  is  to  adopt  the  principle  of 
piecework,  by  which  the  independence 
of  the  workman  is  effectually  secured." 
— The  Engineer. 
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ECONOMY   OF    FUEL— EXPERIMENTS    ON  A  BOILER 
AND  A  STEAM  ENGINE  110-HORSE  POWER, 
MADE  AT  MAESTRICHT. 


By  L.  LHOEST. 


From  the  "Universal  Review  of  Mining." 


II. 


Effective  Results. — As  has  been  said, 
the  engine  experimented  upon  is  one 
where  cutting  off  the  steam  was  varied 
by  the  governor.  With  reference  to  the 
work  done  by  the  engine,  this  altered  a 
good  deal  from  one  time  to  another, 
whilst  the  diagrams  demonstrate  such 
large  and  continual  differences  that  it  is 
difficult  to  determine  with  precision  the 
average  ratio  of  steam  admission.  It 
will  not,  however,  be  very  far  from  the 
truth  if  it  be  assumed  that  this  average 
has  been  about  one-thirteenth,  or  for 
about  1-3.9  of  the  stroke  of  the  smaller 
piston.  The  examination  of  the  dia- 
grams goes  to  prove  that  superheated 
steam,  contrary  to  what  has  been  gener- 
ally believed,  appreciably  expands  ac- 
cording to  Mariotte's  law,  in  the  smaller 
cylinder;  and  beyond  this  there  is  the 
singular  fact  that  the  lowering  of  the 
pressure  is  less  even  than  the  formula 
demands.  Although  this  can  be  ex- 
plained, so  far  as  regards  saturated  steam, 
by  the  re- evaporation  of  the  water  car- 
ried into  the  cylinder  with  the  steam, 
this  explanation  does  not  in  any  way  ap- 
ply to  superheated  steam,  and  the  phe- 
nomena is  still  more  curious  from  the 
fact  that  it  is  evident  Mariotte's  law  is 
not  applicable  when  the  steam  expands, 
and  at  the  same  time  accomplishes  work. 
This  work  cannot,  of  course,  be  gratuit- 
ous, as  it  were,  for  the  theory  of  mechan- 
ical equivalent  of  heat  requires  that  there 
should  be  a  corresponding  fall  in  temper- 
ature. Yet  here  is  an  actual  fact  fre- 
quently observed  and  recorded;  its  ex- 
planation, however,  lies  in  the  objection- 
able waste  of  steam  in  clearance.  In  the 
machine  experimented  upon,  besides  the 
entrance  and  discharge  passages,  there 
remains  at  the  end  of  each  stroke  a  space 
of  nearly  a  centimeter  (.394  in.)  between 
the  piston  and  the  ends  of  the  cylinder. 
If  account  be  taken  of  these  spaces  in 
the   diagrams,   Mariotte's   law   will    be 


found  very  nearly  applicable.  We  will 
proceed  at  once  to  the  consideration  of 
the  points  arising  from  the  actual  meas- 
urements which  have  been  made: — (1.) 
The  pressure  of  steam  at  admission  has 
differed  0.2  atmosphere  between  the  in- 
terior of  the  boiler  and  its  entry  into  the 
cylinder.  (2.)  The  back  pressure  in  the 
smaller  cylinder  during  its  communica- 
tion with  the  larger  one  has  differed  from 
the  pressure  in  this  latter  by  only  0.076 
atmosphere  on  the  average.  This  differ- 
ence, which  varies  from  0.13  atmosphere 
to  0.05  atmosphere  according  to  the  po- 
sition of  the  pistons,  must  be  looked  up- 
on as  extremely  small.  (3.)  The  vacu- 
um in  the  larger  cylinder  differed  from 
the  barometrical  vacuum  by  0.15  atmos- 
phere, whilst  that  in  the  condenser  dif- 
fered only  0.10  atmosphere. 

During  part  of  the  first  trial  the  vacu- 
um left  a  good  deal  to  be  desired,  in 
consequence,  probably,  of  the  leakage  of 
air  and  the  employment  of  too  small  a 
quantity  of  water  in  the  condenser. 
These  facts  have  had  a  serious  influence 
on  the  working  of  the  engine,  which 
otherwise  would  certainly  have  been 
more  effective  ;  and  the  proof  of  this  is 
found  in  the  extra  nine  per  cent,  of  heat 
units  per  horse  power  per  hour  escaping 
from  the  condenser  during  the  first 
twelve  hours  of  the  trials,  when  the  vacu- 
um was  unsatisfactory. 

As  has  been  said,  the  average  work  of 
the  engine  has  been  estimated  by  total- 
ing the  diagrams  taken  during  the  ex- 
periments, and  subtracting  from  the  fig- 
ures thus  obtained  the  fractional  resist- 
ance. The  valuation  of  this  last  is,  how- 
ever, open  to  criticism.  By  how  much 
is  it  necessary  to  increase  the  allowance 
for  friction  of  an  engine  as  determined, 
when  running  unloaded,  in  order  to  ob- 
tain its  friction  when  loaded  ?  A  brake 
alone  can  determine  this*  question;  but 
in  the  absence  of  one,  we  have  taken  as 
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correct  the  results  otherwise  obtained, 
from  which  it  appears  contrary  to  what 
has  always  been  the  belief, — that  the 
frictional  resistance  is  far  from  increas- 
ing in  proportion  to  the  work  done  by 
the  engine.  Experiments  with  a  brake 
on  a  beam  engine  of  120-horse  power 
have  been  made  by  M.  Burnat,  the  pro- 
portions being  9.18-horse  power  of  fric-  | 
tion  when  running  free,  to  11.07-horse  ; 
power  when  loaded;  and  with  reference 
to  another  beam  engine  of  the  same 
power  this  gentleman  found  the  friction 
loss  to  be  1.09-horse  power  when  free, 
to  12.02-horse  power  when  loaded. 

M.  Groseteste  has  made  experiments 
with  a  beam  engine  of  213-horse  power 
and  found  that  the  friction  in  vacuo  was 
equal  to  a  power  of  19.78  horses,  and 
that,  while  exposed  to  the  atmospheric 
pressure,  it  was  equal  to  a  power  of  20.74 
horses;  that  is  to  say,  that  there  was  aj 
difference  of  about  half  a  horse  power  in 
the  case  of  an  engine  equally  powerful 
with  that  under  notice.  We  ourselves 
have,  within  narrower  limits,  conducted 
a  series  of  experiments  with  a  brake  dyn- 
amometer on  a  beam  engine  of  20-horse 
power,  and  we  are  unable  to  state  the 
difference  in  the  amount  of  friction  when 
it  was  exposed  to  the  air  in  vacuo.  It 
will  be  understood  we  do  not  assert  that 
the  resistance  is  equal  in  both  cases,  but 
only  that  the  difference  is  so  slight  as  to 
be  sometimes  inappreciable  when  experi- 
menting with   the  brake  dynamometer.  : 

From  the  whole  of  these  statements,  it 
is  believed  that  the  friction  of  the  en- 
gine under  notice  when  loaded  differed 
by  about  one-horse  power  from  the  fric- 
tion when  it  was  not  loaded. 

Steam   Jackets. — As  has  been    stated 
the  smaller  cylinder  is  not  provided  with  I 
a  steam  jacket,  except  at  the  point  of 
communication  between  it  and  the  larger  j 
cylinder;  on  the  other  hand,  the  larger  I 
cylinder  had  three  parts,  of  its  surf  ace  ! 
surrounded  by  a    steam    jacket,  which, 
however,    could  be    shut    off,  if  wished.* 

During  the  first  and  third  experiments,  j 
steam  was  admitted  into  this  jacket  at 
the  same  time  as  into  the  smaller  cylin- ! 
der.     During  the  second  and  fourth  trials  \ 
the  steam  in  this  jacket  was  replaced  by  l 
air.     Nor  was  any    sensible    change    in 
the  duty  of  the  steam  produced  by  this  i 
alteration,  save,  perhaps,  that  with  equal 
quantities  of  steam  admitted,  the  effec- ! 


tive  power  of  the  engine  was  slightly 
diminished.  Thus  in  the  first  and  third 
experiments,  the  effective  result  in  the 
larger  cylinder  was,  on  the  average,  40 
per  cent,  of  the  whole  work  done,  whilst 
in  the  second  and  fourth  trials  it  amont- 
ed  only  to  36  per  cent.  This  difference, 
for  the  same  amount  of  work,  readily 
explains  itself  by  the  fact  of  there  being 
a  larger  admission  of  .steam  into  the 
smaller  cylinder.  As  to  the  consumption 
of  steam  per  horse-power  per  hour,  it 
was  scarcely  at  all  augmented  by  doing 
away  with  the  steam  jacket,  since  the 
increase  of  0.224  kilo,  of  superheated, 
and  of  0.04  kilo,  of  saturated  steam  both 
fall  within  the  limits  of  possible  errors 
of  observation.  This  difference  would 
be  somewhat  greater  if  the  water  con- 
densed in  the  steam  jacket  were  again 
utilized.  These  results,  then,  although 
in  some  measure  merely  negative  ones,. 
do  not  confirm  the  conclusion  so  strongly 
attested  by  Messrs.  Hirn,  Combes,  and 
many  others,  in  favor  of  steam  jackets  ;. 
and  although,  indeed,  it  may  in  some 
measure  be  overstepping  the  bounds  of 
these  experiments,  this  appears  to' be  the 
place  to  offer  a  few  critical  observations 
on  the  manner  in  which  these  steam 
jackets  have  been  looked  upon  by  differ- 
ent authors,  who  have  variously  regarded 
them  either  as  of  immense  economy,  as 
having  no  effect,  or  as  being  positively 
injurious.  It  appears,  then,  that  these 
contradictory  conclusions  indicate  that 
the  questions  are  too  frequently  only 
examined  from  a  general  point  of  view  ; 
on  the  other  hand,  is  it  of  any  use  to 
enunciate  general  theories  with  reference 
to  an  accessory  part  of  an  engine,  the 
effect  of  which  varies  so  much,  according 
to  the  construction  of  the  machine  and 
its  method  of  working  ?  All  that  it 
seems  right  to  say  of  steam  jackets  is? 
that  they  slightly  increase  the  power  of 
the  engine,  and  tend  towards  economy, 
for  all  steam  condensed  in  the  jacket  is 
steam  which  has  yielded  in  its  work  all 
positive  and  latent  heat,  and,  conse- 
quently, it  is  steam  more  usefully  em- 
ployed than  that  which  escapes  from 
the  cylinder  whilst  still  containing  its 
latent  heat.  M.  Bede,  in  a  treatise  of 
great  lucidity  on  this  question  arrives  at 
conclusions  highly  favorable  to  steam 
jackets.  As  we  take  it,  however,  these 
conclusions    are    scarcely  in  accordance 
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with  the  reality,  for  the  author  assumes, 
in  a  general  manner,  that  the  steam 
jacket  can  supply  to  the  interior  of  the 
cylinder  the  heat  necessary  to  maintain 
the  steam  in  good  condition  during  the 
stroke,  whereas,  in  most  cases,  the  sides 
could  not  transmit  even  one-half  of  the 
heat  necessary  for  this  ;  and  besides,  as 
M.  Combes  has  demonstrated,  this  effect 
might  be  injurious, 

M.  Dwelshauvers  applies  Rankine's 
formula,  pv\%= const.,  and  by  its  aid 
arrives  at  the  conclusion  that  if  the  steam 
jacket  does  produce  economy,  that  econ- 
omy does  not  exceed  one  per  cent., 
which  would  certainly  not  be  a  fair  com- 
pensation for  the  difference  in  price. 
But,  whilst  every'  respect  is  due  to  such 
an  authority  as  Rankine,  as  also  to  the 
really  scientific  method  followed  by  M. 
Dwelshauvers  in  his  theory  of  steam 
movers,  may  it  not  be  repeated  here 
first  of  all  that  such  a  formula  can  only 
be  varied  for  a  machine  of  fixed  propor- 
tions ;  and,  further,  that  it  is  necessarily 
insufficient.  It  has  been  verified  by  the 
help  of  a  pressure  indicator  attached  to 
condensing  engines  not  using  superheat- 
ed steam.  But  even  of  these  engines  are 
there  not  endless  varieties  ?  Has  the 
engine  one  or  two  cylinders  on  Woolf's 
system?  Is  it  worked  with  a  slow  or 
quick  stroke  ?  that  is  to  say,  is  there,  on 
the  average,  much  difference  in  tempera- 
ture between  the  two  surfaces  of  the 
cylinder?  but,  besides  the  thickness  of 
the  metal,  what  is  the  diameter  of  the 
cylinder,  and  how  far  is  it  thence  possi- 
ble to  carry  the  heat  of  the  steam  jacket 
towards  its  center?  These  conditions, 
rand  many  others  which  are  omitted, 
modify  entirely  the  action  of  a  steam 
jacket,  and  until  their  effect  is  definitely 
determined,  it  is  impossible  to  enunciate 
formulae  for  estimating  its  utility. 

Besides  all  this,  it  is  known  that  the 
indication  of  the  steam  pressure  alone  is 
not  sufficient  to  enable  a  perfect  analysis 
to  be  made  of  the  effect  on  the  work 
done,  produced  by  a  steam  jacket.  It  is 
necessary  to  examine  still  further  the  in- 
ternal working  of  the  steam — to  analyse 
■the  condensation  during  its  stay  in  the 
cylinder  and  during  the  discharge  ;  and, 
above  all,  to  determine  not  only  the  vol- 
ume of  the  steam  introduced,  but  also 
the  weight  thereof,  this  weight  being  al- 
ways greater  at  equal  pressure  and  vol- 


ume without  a  steam  jacket  than  with 
one.  If  so  much  time  and  space  are 
given  to  the  consideration  of  this  point, 
it  is  because  it  is  one  of  the  most  im- 
portant and  most  difficult  questions  of 
applied  mechanics,  which  it  would  be 
most  desirable  to  see  solved  experiment- 
ally rather  than  by  the  aid  of  speculative 
formulae,  which  so  frequently  mislead 
from  generalizing  what  demands  particu- 
lar application.  The  question,  in  fact, 
is,  in  certain  cases,  that  of  an  economy 
amounting  to  from  fifteen  to  twenty  per 
cent.,  with  a  more  than  proportionate 
increase  of  power.  This  increase  of 
power  of  twenty  per  cent,  would,  apart 
from  any  fuel  economy,  amply  compen- 
sate for  the  increase  of  ten  per  cent,  in 
the  price,  at  which  figure  M.  Dwelshau- 
vers puts  the  extra  cost  of  a  steam 
jacket*. 

Effect  of  the  Superheating. — These  ex- 
periments prove  then,  on  the  average, 
that  the  use  of  superheated  steam  effects 
an  economy  of  ten  per  cent,  in  the  coal, 
and  of  12.7  per  cent,  of  the  steam,  and 
it  appears  evident  that  these  savings 
could  have  been  considerably  increased 
had  it  not  been  for  the  considerable  loss 
of  heat  between  the  boiler  and  the  en- 
gine. 

Heat  given  off  by  the  Engine. — The 
best  confirmation  of  the  economy  of 
superheating  on  the  one  side  and  of  the 
excellent  work  done  by  this  engine,  even 
without  the  application  of  superheating, 
is  found  in  the  estimation  of  the  heat 
units  given  off  by  the  machine  to  the 
condenser.  This  method  of  determining 
the  duty  of  engines  by  their  discharge  is 
probably  one  of  the  very  best,  and  far 
preferable  to  that  of  estimating  them  by 
the  quantity  of  fuel  burned  per  horse- 
power per  hour.  Another  plan  of  esti- 
mating the  effective  duty  of  an  engine 
is  to  measure  the  quantity  of  steam  con- 
sumed per  horse  power  per  hour.  It 
may,  possibly,  be  more  exact  when 
nothing  but  either  superheated  or  per- 
fectly dried  steam  is  used,  but  this 
method  is  subjected  to  inevitable  doubt, 
arising  from  the  fact  that  saturated 
steam  always  carries  with  it   a  certain 


*  It  apoears  that  at  Bleyberg,  where  a  powerful  steam 
pump  has  been  erected,  on  Woolf's  system,  the  steam 
jacket  has  been  temporarily  done  away  with,  and  a  mark- 
ed increase  in  the  consumption  of  fuel  has  resulted.  We 
regret  that  we  are  not  able  to  obtain  accurate  official  in- 
formation on  this  subject. 
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quantity  of  water  in  a  vesicular  form. 
The  method  of  determining  the  work  of 
an  engine  by  the  heat  given  off,  which 
is  naturally  as  much  less  as  the  quantity 
of  steam  or  heat  supplied  to  the  engine 
diminishes  beyond  the  reach  of  the  objec- 
tions which  have  just  been  expressed  with 
regard  to  the  other  two  systems.  More 
recently  Messrs.  Donkin  and  Farey  have 
attempted,  by  a  very  ingenious  outfall 
apparatus,  to  measure  continuously  the 
quantity  and  the  temperature  of  the  con- 
denser. It  has  been  preferred,  as  has 
been  seen,  however,  to  obtain  a  measure- 
ment by  fixed  and  determinate  quantities 
which  measurement  can,  of  course,  be 
repeated  as  often  as  may  be  desired, 
and,  although  more  troublesome,  its  ex- 
actness may  unquestionably  be  guaran- 
teed. 

The  delivery  of  the  air-pump  has,  on 
the  average,  been  as  follows  : — During 
the  first  trial,  350.470  kilos,  per  minute 
at  a  temperature  of  30.12c  average 
364.06  at  29.44°.  During  the  second 
trial,  378.542  kilos,  at  a  temperature  of 
27.26°,  average  364.06  at  29.44°.  During 
the  third  trial,  406.080  kilos,  at  a  tem- 
perature of  29.90°,  average  405.54  at 
29.70°.  During  the  fourth  trial,  405 
kilos,  at'  a  temperature  of  29.50°,  average 
405.54  at  29.70°.  As  the  temperature 
of  the  condensing  water  was  invariably 
9.75°  C.  the  discharge  with  superheated 
steam  added  per  minute  to  this  injection 
water  346.06  X  19.69  =  7168.34  for 
120.326  horse  power  ;  and  with  saturated 
steam,  405.54  x  19.95  =  8090  heat  units 
for  121,540  horse  power.  Thus,  in  the 
first  case,  59.57  heat  units  per  horse 
power  per  minute  ;  in  the  second  case, 
66.55  heat  units  per  horse  power  per 
minute  were  discharged.  If,  besides 
this,  we  take  account  of  the  condensed 
water  in  the  steam  jackets,  we  find  that 
with  superheated  steam  they  have  re- 
ceived on  the  average  per  hour  53.10 
kilos,  at  the  temperature  of  95°.  This 
temperature  was  at  the  engine  153°,  as 
the  steam  was  there  condensed  under  a 
pressure  of  4.2  atmospheres  ;  but  it  was 
only  measured  when  cold  and  merely 
under  atmospheric  pressure.  The  heat 
units  given  off  under  this  trial  were 
thence  53.10  X  153  =  8124.3  per  hour, 
135.4  per  minute — 1.12  per  horse  power 
per  minute  for  superheated  steam ; 
whilst  these  have  been  found  raised  for 


saturated  steam  to  the  following  : — 79.12 
X  152.7  =  12,082  per  hour,  or  201.2 
per  minute,  say,  1.55  per  horse  power 
and  per  minute.  Thus,  with  superheat- 
ed steam,  there  were  given  off  60.69 
heat  units  per  minute  per  horse  power  ; 
ditto,  ditto,  of  saturated  steam,  68.20, 
leaving  a  difference  of  7.54,  or  11.2  per 
cent.  It  is  worthy  of  remark  how  closely 
this  difference  approximates  to  that 
given  above  for  consumption  of  fuel 
and  steam,  and  hence  may  be  deduced 
reasons  for  a  certain  amount  of  confi- 
dence in  the  correctness  of  the  observa- 
tions made. 

Duty  done  by  the  Engine. — As  was 
done  with  reference  to  the  boilers,  it  is 
now  proposed  to  present  a  balance  sheet 
of  the  engine  ;  that  is  to  say,  to  endeavor 
to  account  for  the  heat  units  which  were 
supplied  to  it.  For  this  investigation 
the  results  of  the  first  trial  are  selected 
because  it  was  the  longest,  and  the  one 
the  results  of  which  have  been  best  de- 
termined. During  this  trial,  the  engine 
received,  per  hour,  883.6  kilos,  of  steam- 
at  an  effective  pressure  of  4.20  atmos- 
pheres, and  at  an  average  temperature, 
as  taken  at  the  cylinder,  of  193°.  Ac- 
cording to  the  researches  of  M.  Reg- 
nault,  the  heat  of  1  kilo,  of  this  steam 
prior  to  superheating  would  be 

606.5  +  0.305  X  153.6  —  Ap  (V   —  V  ) 

=  653.3  -  Ap  (Va  V0). 
A  representing  the  heat  equivalent  of 
work  done,  p  the  pressure  of  the  steam, 
Y y  and  V0  the  respective  volumes  of  1 
kilo,  of  water  and  1  kilo,  of  saturated 
steam.  Superheating  adds  to  this  inter- 
nal heat  a  further  quantity,  the  exact 
valuation  of  which  in  the  present  state 
of  our  knowledge  is  somewhat  doubtful. 
Adopting,  however,  here  provisionally, 
as  we  have  unhesitatingly  done,  for  the 
boilers  the  figures  0.4805  as  representing 
the  specific  heat  of  the  steam  under  fixed 
pressure,  the  internal  temperature  of  the 
saturated  steam  would  be  increased  by 
superheating   by    0.4805    X    39.4  —  Ap 

(v,  -  y0)  =  i8.9  -  ap  (v,  -  vj, 

heat  units ;  V2  representing  the  new 
volume  of  steam  from  the  influence  of 
superheating.  Adding  together  the  two 
parts  composing  the  total  heat  of  the 
steam,  there  is  found 

572.2  -  Ap  (V2  -  Y0). 
It  scarcely  seems  necessary  to  make 
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an  estimate  of  the  heat  lost  by  the  ex- 
pansion of  the  steam,  because  the  co- 
efficient of  expansion,  ¥^,  of  steam  under 
constant  fixed  pressure  has  scarcely,  as 
yet,  been  definitely  determined.  The 
question  here  is  of  a  condensing  engine 
where  the  steam  after  having  acted  on 
the  piston,  is  discharged  into  the  con- 
denser at  exactly  its  original  volume 
represented  by  the  feed  water,  and  thus 
gives  back  the  heat  originally  absorbed 
by  its  expansion. 

Neglecting,  then,  this  heat,  which  has, 
as  it  were,  for  a  while,  disappeared  and 
then  been  returned,  we  may  debit  to  the 
machine  per  hour  883.6X672.2  =  593,956 
heat  units,  for  which  it  has  to  render  an 
account  of  the  corresponding  duty  done. 
This  duty  may  be  divided  as  follows  : 

1.  Heat  transformed  into  mechanical 
effective  work. 

2.  Heat  contained  in  the  water  of  con- 
densation in  the  jacket  and  in  the  pipes. 

3.  Heat  given  off  with  the  water  of 
the  condenser  or  the  air  pump. 

4.  Heat  lost  by  radiation,  or  carried 
off  by  contact  with  the  different  parts  of 
the  engine. 

(See  Table  on  following  column.) 

In  this  table  there  is,  however,  a  correc- 
tion to  be  made,  The  feed  of  the  boiler 
having  required  883.6  kilos,  of  water  per 
hour,  there  was  re-used,  or  might  have 
been  again  utilised,  67.32  kilos.  153°  C, 
— say  10,340  heat  units  ;  816.28  kilos. 
31.12°  C. — say  25,402  heat  units.  Total, 
35,742  heat  units,  or  6.01  per  cent,  of 
the  steam. 

Having,  then,  regard  to  this  correc- 
tion, the  duty  of  the  engine  would  be 
18.89  per  cent.,  from  which,  however,  it 
is  necessary  to  subtract  3  per  cent.,  the 
approximate  loss  sustained  by  the  steam 
in  its  transit  from  the  boiler  to  the  cylin- 
der ;  the  effective  work  is  thus  reduced 
to  15.59  per  cent.,  which,  combined  with 
that  determined  for  the  boiler,  say  59.59, 
gives  as  the  definite  duty  of  the  machine 
which  has  been  examined,  9.46  per 
cent. 

This  result  is  certainly  not  flattering 
to  our  mechanical  science  ;  but,  never- 
theless, the  engine  under  notice  appears 
certainly  to  be  an  advance — so  far,  at 
least,  as  present  knowledge  goes — on 
any  of  which  the  results  have  hitherto 


Heat  units.  Percent 

(1.)  The  work  done  by  the 
machine,  including  there- 
in the  friction,  was  dur- 
ing the  first  trial  equal  to 
120. 172  horses,  represent- 
ing, per  hour,  324.880 
kilos.  Admitting  the 
figures  424  as  the  me- 
chanical equivalent  of 
the  heat,  the  effective 
duty  has  absorbed 76,524    or    12.88 

(2.)  There  has  been  collect- 
ed, per  hour,  in  the  steam 
jacket,  67.32  kilos,  of 
water  at  a  temperature  of 
153.6,  as  has  been  ex- 
plained above.  There  is 
hence  a  loss  under  this 
head  of 10,340    or      1.74 

(3.)  After  making  deduc- 
tions for  the  heat  units 
carried  into  the  condens- 
er by  the  water,  of  which 
the  temperature  was  9. 75 
deg.,  there  escaped  from 
the  air  pump  per  minute 
7489.44  heat  units,  or  per 
hour 449,366    or    75.65 

(4.)  The  heat  lost  by  radia- 
tion and  carried  off  by 
contact  with  different 
parts  of  the  machine  can 
only  be  estimated  differ- 
entially. This  difference 
being  understood  to  ab- 
sorb, at  the  same  time, 
all  the  errors  which  may 
have  crept  into  the  ob- 
servations and  calcula- 
tions—say,  then 57,726    or      9.72 


Total 593,956    or    99.99 

been  published.  There  was  hence  good 
reason  indeed  to  say  at  the  commence- 
ment of  this  treatise  that  much  yet  re- 
mained to  be  done,  The  first  condition 
of  all  progress  is  to  be  able  to  render  an 
account  of  what  has  already  been  done  ; 
and  it  may  be  repeated  here,  that  to  this 
end  it  is  absolutely  necessary  to  proceed 
by  experiment,  and  thus  determine  the 
total  amount  of  losses.  This  is  what  has 
been  attempted  in  this  short  treatise. 
Unfortunately,  however,  it  leaves  much 
to  be  desired  ;  first,  because  it  can  only 
be  looked  upon  as  decisive  with  refer- 
ence to  a  single  engine  ;  and,  secondly, 
more  than  one  detail  has  not  been  satis- 
factorily observed  nor  sufficiently  inves- 
tigated— time  did  not  permit  it — but  it 
is  to  be  hoped  that  the  questions  at  issue 
may  be  taken  up  by  others  and  carried 
further  towards  distinctly  definite  results. 


THE   ECONOMY   OF   FUEL. 


351 


THE    ECONOMY    OF    FUEL NOTES    ON    THE 

EXPEKD1ENTS    OF  M.  LHOEST,  BY 
V.   DWELSHAUVEES-DEEY. 

After  reading  the  treatise  by  M. 
Lhoest,  which  immediately  precedes  this 
paper,  we  are  quite  in  a  position  to  ap- 
preciate the  patience,  the  knowledge, 
and  the  deep  insight  of  the  author.  It 
is,  I  believe,  the  first  time  that  trials  of 
this  kind  have  been  made  here,  and  M. 
Lhoest  has  known  how  to  turn  to  account 
all  the  experience  gained  by  others,  so 
so  as  to  be  able  to  speak  with  a  consid- 
erable amount  of  precision.  It  is  one 
stone  more  added  to  the  building,  and 
theory  will  not  be  tardy  in  arranging  the 
materials  which  are  contributed  to  her 
by  individual  experimenters.  Then  we 
shall  possess  results  which  will  be  fit 
means  to  serve  as  guides  to  the  managers 
of  engine  works,  and  not  merely  those 
which  are  applicable  only  to  this  or  that 
machine.  Such  is,  in  fine,  the  highest 
-aim  of  theory  and  practice  ;  and  we  owe 
much  to  M.  Lhoest  for  having  brought 
us  nearer  to  it. 

Let  us  be  permitted,  however,  to  make 
a  few  observations  on  the  above  named 
treatise.  We  have  seen  with  regret,  at 
the  commencement  of  a  paper  with  so 
high  a  scope,  written  by  an  experimenter 
so  skilful,  a  reproduction  of  the  error  al- 
ready too  widely  spread,  that  "  our  best 
steam  engines  utilize  scarcely  the  eleventh 
part  of  the  power  contained  in  the  coal, 
the  raising  of  which  costs  so  much.  M. 
Zeuner  has  done  justice  to.  this  error, 
and  it  is  of  importance  to  prevent  its 
gaining  further  ground.  If  our  engines 
give  out  so  little — if  they  are  so  inferior 
to  the  worst  form  of  water-wheel,  it  is 
that  their  principle  is  bad,  and  they 
must  be  altered  throughout.  Such  is  the 
logical  deduction  from  the  error  quoted 
— an  error  which  has  driven  so  many  in- 
ventors to  lose  their  time  in  designing 
engines  to  replace  those  worked  by 
steam,  such  as  hot-air  engines,  engines 
to  be  driven  by  air  and  steam  mixed,  by 
carbonic  acid  gas,  &c.  Now  the  fact  is, 
on  the  contrary,  that  the  work  actually 
given  out  by  our  engines,  is  very  high  in 
proportion  to  its  theoretical  amount ; 
but  they  have  been  treated  with  injustice 
in  a  manner  which  I  shall  now  endeavor 
to  explain. 

I  will  suppose  a  system  composed  of 


two  bodies  only — the  earth  and  a  ball 
which  I  hold  in  my  hands.  The  tendency 
of  the  latter  is  to  fall  ;  and  if  I  did  not 
retard  it,  and  if  other  bodies  did  not  re- 
tard it  after  me,  it  would  fall  to  the  cen- 
ter of  the  earth,  and  would  even  pass 
that  point.  This  ball  then  possesses  the 
power  of  traversing  the  whole  of  the 
space  contained  between  the  point  where 
I  hold  it  and  the  center  of  the  earth  ; 
but  if  I  oppose  to  it  a  resistance  infinite- 
ly smaller  than  its  own  weight,  it  will 
conquer  this  resistance  and  move  towards 
the  center  of  the  earth,  performing  a 
work  equal  to  its  weight,  Qk  multiplied 
by  R  =  6,360,000  meters  nearly.  It 
may  be  said  then  that  this  ball  contained 
within  itself  a  latent  power  of  Q  R  kilo- 
grammeters,  which  it  has  been  obliged 
to  exert  in  removing  it  from  the  center 
of  the  earth  and  placing  it  in  its  present 
position.  We  may  profit  by  this  prop- 
erty in  the  removal  of  the  work  of  a 
body  from  one  place  where  it  cannot,  to 
another  where  it  can,  be  used.  If  this 
ball  be  left  to  itself,  its  speed  will  in- 
crease until  it  reaches  the  center  of  the 
earth  ;  it  will  pass  this  center,  its  speed 
gradually  diminishing  ;  it  will  proceed 
as  far  as  the  other  extremity  of  the  di- 
ameter ;  then  it  will  return  and  execute 
the  same  oscillatory  movement  for  our 
benefit.  But  if,  after  it  has  acquired  a 
small  speed,  v,  we  oppose  to  it  an  availa- 
ble resistance  equal  to  its  weight  whilst 
it  falls  from  a  height  of  10  meters,  its 
speed  remains  constantly  equal  to  v,  and 
the  available  work  which  we  have  stored 
up  is  Q  X  10  kilogrammeters.  That  is 
subtracted  from  the  virtual  work  which 
the  ball  possessed;  so  that  if  the  resist- 
ance equal  to  Q  continued  to  be  felt  up 
to  the  center  of  the  earth,  the  work 
effected  would  not  be  more  than  Q 
X  6,359,990  instead  of  Q  X  6,360,000 
kilogrammeters.  When  we  have  utilized 
the  ten  meters  of  fall  above-mentioned, 
we  have  made  use  of  a  machine  of  which 
the  useful  effect  is  perhaps  only  50  per 
cent.,  which  is,  however,  very  favorable. 
Every  one  will  understand  by  a  useful 
effect  of  50  per  cent,  that  we  have  util- 
ized for  some  specified  object  Q  X  5  kilo- 
grammeters. No  one  would  take  it  into 
his  head  to  say  that  the  virtual  work  of 
the  ball  was  Q  X  6,360,000  kilogram- 
meters ;  the  power  stored  up  is  Q  X  5 
kilogrammeters ;    therefore    the   useful 
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effect  of  the  engine  is 


that  is 


6,360,000' 
to  say,  less  than  a  millionth  part.  Every 
one  will  say  I  only  arranged  for  a  fall 
of  ten  meters  and  a  weight  of  Q  kilo- 
grammes, and  therefore  only  arranged 
for  Q  X  10  kilogrammeters,  of  which  I 
have  utilized  Q  X  5  kilogrammeters  ; 
therefore  my  engine  yields  a  useful  effect 
of  50  per  cent.  But  if  I  wish  to  increase 
the  work  utilized,  I  must  extend  the 
limits  between  which  the  travel  of  the 
ball  takes  place.  I  must  increase  the 
distance  from  its  starting-point  to  the 
center  of  the  earth,  or  diminish  that  of 
its  arrival  at  the  same  center  ;  in  a 
word,  I  must  increase  what  I  call  the 
distance  of  fall.  If,  by  any  means  of 
which  I  am  possessed,  I  double  this  dis- 
tance, and  employ  for  its  utilization  the 
same  machine  as  before,  it  will  yield  me 
50  per  cent,  of  the  Q  X  20  kilogram- 
meters which  I  have  at  disposal  ;  that  is 
to  say,  Q  X  10.  I  shall  have  improved 
the  fall,  but  not  the  machine  ;  I  shall 
have  obtained  more  motive  power,  but 
only  one-half  of  it  will  have  become 
available  as  in  the  former  case.  Who 
will  take  upon  himself  to  say  the  machine 

5 

had  before  a  power  of   -r— and 

r  6,360,000, 

now  the  power  is  doubled  ? 

I  shall  be  told  that  these  observations 
are  too  simple — too  clear  to  be  so  much 
insisted  on.  But,  if  the  reader  will  be 
so  good  as  to  follow  me  out,  I  feel  con- 
vinced that  he  will  alter  his  opinion  in 
this  matter.  When,  instead  of  a  visible 
ball,  there  are  an  infinity  so  small  that 
they  are  invisible,  but  which,  combined, 
form  a  visible  body — as,  for  example,  a 
certain  quantity  of  water — if  all  these 
molecules  (balls,  or  what  not,  their  form 
does  not  matter)  have  together  a  tend- 
ency to  approach  the  same  point — the 
center  of  the  earth,  there  needs  no  ab- 
straction to  represent  faithfully  the  phe- 
nomena of  which  we  are  going  to  treat. 
The  proof  is  that  in  the  case  of  water- 
wheels,  it  is  said  that  the  available  force 
is  equal  to  the  weight  of  the  water  which 
falls,  multiplied  by  the  height  of  fall,  or 
Q  H  ;  and  if  the  wheel  utilized  U  kilo- 
grammeters, the  power  of  the  wheel  is 

As  a  starting-point  for  what  follows, 


we  will  remark  that  U  should  be  equal 
to  its  greatest  value,  QH,  if  during  the 
time  of  the  water  falling,  the  wheel  op- 
pose to  it  a  constant  useful  resistance 
equal  to  Q.  Such  is  the  condition  of  the 
maximum  of  work  given  out  theoretical- 
ly. It  cannot,  however,  be  attained  in 
practice  for  several  reasons.  In  the  first 
place,  if  the  resistance  is  equal  to  Q,  the 
water  will  not  be  able  to  fall,  and  there 
will  be  no  motion.  Then,  to  lead  the 
water  to  the  wheel  it  is  necessary  to  bor- 
row from  the  effective  force  of  the  water 
such  a  proportion  as  is  necessary  to  over- 
come the  friction  against  the  sides  and 
bottom  of  the  mill-race.  Then  the  water 
still  retains  its  vis  viva  on  leaving  the 
race;  that  is  necessary  to  it  for  this 
purpose.  There  are  also  eddies  in  the 
water ;  there  are  resistances  ;  there  is  a 
visible  friction  between  the  molecules 
as  they  are  carried  towards  the  same 
outlets,  which  is  transformed  into  invisi- 
ble energy  of  the  same  molecules  or  of 
others,  on  their  being  hurried  in  partial-  * 
ly  different  directions.  There. is  also  the 
friction  of  the  wheel  itself  to  be  taken 
into  consideration. 

M.  Lhoest's  view  is  then  perfectly  con- 
sistent when  it  relates  to  a  group  of 
molecules,  possessing  the  power  of  trans- 
porting themselves  altogether  in  one  body 
totv&rds  the  same  point — the  center  of  the 
earth.  But  it  is  not  correct,  when  the 
molecules  seek  their  position  of  repose, 
one  here  and  another  there,  each  one  to 
a  determined  spot.  It  is  not,  however, 
difficult  to  conceive  that  each  of  these, 
if  it  is  free,  goes  to  its  point  of  repose, 
and  passes  that  point  to  return  after  an 
oscillation,  and  so  on  continually,  with- 
out its  efficacious  power  being  changed 
in  any  way — without  its  being  augment- 
ed or  diminished ;  but,  on  the  other 
hand,  if  it  is  not  free — if  any  resistance 
is  opposed  to  its  motion  (a  resistance 
smaller  than  its  tendency  to  go  towards 
its  center  of  repose),  a  certain  quantity 
of  actual  power  is  abstracted  from  it, 
which  can  be  transmitted  to  an  engine 
of  a  given  horse-power  ;  that  the  horse- 
power of  this  machine  is  quite  independ- 
ent of  the  proportion  of  the  quantity  of 
power  abstracted  to  the  actual  power 
which  the  molecule  might  expend  by 
the  time  it  was  brought  to  rest  at  its 
center  of  repose.  Now,  that  which  can 
be   easily   conceived    of  each  molecule 
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taken  separately,  is  entirely  erroneous 
when  these  molecules  are  innumerable, 
and  their  centers  of  repose  or  attraction 
all  different.  It  is,  however,  exactly  the 
same  phenomenon — the  simplest  of  the 
phenomena  of  nature,  and,  I  will  even 
say,  the  sole  phenomenon  of  nature  ;  it 
is  the  same  law  summed-up  in  the  word 
force,  and  which  points  out  the  impossi- 
bility of  generating  or  annihilating 
motion — the  sole  law  of  natural  phe- 
nomena. The  difference  lies  only  in  the 
way  things  are  looked  at,  and  especially 
in  the  names  that  are  given  to  them. 
Let  us  make  this  clearer,  in  order  to  de- 
monstrate the  truth. 

It  is  easy  to  conceive  that  with  a  cer- 
tain resistance  an  isolated  molecule  can 
be  led  to  its  center  of  repose  where  it 
will  remain,  its  ability  to  move  being 
exhausted.  Let  it  be  imagined  that  the 
same  phenomenon  takes  place  in  the  case 
of  each  one  of  the  invisible  molecules  of 
a  body.  Then,  all  the  molecules  of  this 
body  being  in  a  state  of  repose,  we  ex- 
press that  their  ability  of  motion  has 
disappeared  by  saying  that  their  tem- 
perature is  at  zero  (absolutely).  If,  by 
any  process  whatever,  instead  of  abstract- 
ing all  motion  from  the  molecules  we 
only  abstract  a  portion,  we  then  say  that 
there  remains  in  the  body  a  certain  tem- 
perature ;  a  certain  ability  to  move  a 
certain  actual  power  possible  before  it  is 
brought  to  a  state  of  repose,  a  certain 
heat.  The  absolute  temperature  of  a 
body  is  the  total  mechanical  power  which 
is  abstracted  from  this  body  if  an  availa- 
ble resistance  equal  to  its  attraction  to 
its  center  of  repose  be  opposed  to  each 
molecule,  and  that  until  each  molecule 
has  arrived  at  rest  at  its  center  of  repose. 
This  temperature  can  be  expressed  in 
kilogrammeters,  naturally  taking  zero 
for  a  starting  point ;  to  speak  of  nega- 
tive temperature  is  absurd.  But,  inas- 
much as  everything  here  below  is  only 
relative,  as  we  cannot  materially  realize 
the  refrigeration  of  a  body  down  to  abso- 
lute repose,  we  have  taken  arbitrary 
temperatures  for  starting  points,  and 
have  measured  the  actual  power  of  a 
quantity  of  combined  molecules  in 
calories,  each  of  which  corresponds  to 
424  kilogrammeters. 

If  what  we  have  just  stated  is  quite 
understood,  the  rest  will  be  easy  to  com- 
prehend. I  will  suppose  that  we  know 
Vol.  XV.— No.  4—23 


the  heat  in  kilogrammeters  of  a  body, 
which  we  will  consider  to  be  P  kilo- 
grammeters, and  that  we  have  a  scale 
of  temperatures  so  graduated  that  t  will 
correspond  to  the  absolute  temperature 
of  this  body.  That  signifies  that  if  by 
resistance  applied  in  a  suitable  manner 
to  the  molecules  of  the  body,  I  were  to 

p 
abstract  —kilogrammeters  from  the  force 

of  which  these  molecules  are  capable, 
and  if  I  were  to  repeat  this  operation  t 
times,  the  body  would  be  brought  back 
into  a  state  of  repose.     This  quantity  of 

P 
work  Q=— ,  which  must   be   abstracted 

t 

from  a  body  to  lower  its  temperature 
one  degree  bears  the  name  of  thermic 
weight.  If,  then,  we  cause  the  tempera- 
ture to  fall  from  t  to  t',  we  have  abstract- 
ed from  the  body  a  force  Q  (t—t'),  which 
can  be  turned  to  account  by  means  of  an 
engine.  If  this  engine  indicates  50  per 
cent.,  then  the  force  utilized  will  be  : 

P     t--£ 

t\       2     ' 

But  if,  by  means  of  an  engine,  we  have 

P 

withdrawn  from  a  thermic  weight  — ,  by 

z 

a   fall   of    temperature    t  —  t',    a   force 

P    t  —  t' 

—  — - — ,  what  can  we   say  to   anyone 

t        £ 

who   tries  to  make  us  believe  that  the 

horse-power  of  the  engine  is  equal  to 

P  t  — -  t' 

— divided  by  the  total  work  P, 

t         2i 

which  would  result  in  bringing  each 
molecule  of  the  body  to  a  state  of  re- 
pose ?  But  let  us  reduce  to  figures  what 
has  gone  before. 

If,  by  resistances  suitably  applied  to 
the  molecules  of  the  body  under  con- 
sideration, we  bring  them  together  to  a 
state  of  repose,  and,  consequently,  the 
body  itself  to  a  temperature  equal  to 
zero,  the  force  stored  up  will  be  1,000,- 
000  kilogrammeters  (=P).  The  absolute 
temperature  of  the  body  we  are  consid- 
ering was  500°;  (=  t=  273  -f-  tempera- 
ture C.)  Each  time,  therefore,  that  we 
lower  the  temperature  of  the  body  1°  we 
abstract  from  it  an  available  force  of 


1,000,000 
500 


=  2,000  km.  (=Q). 


If,  in  like   manner,   we  lower  this  tern- 
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perature  from  500  to  350°,  we  subtract 
150  times  the  thermic  weight,  2,000  kilo- 
grammeters for  the  body,  and,  conse- 
quently, dispose  of  2,000  X  150  =  300,- 
000  kilogrammeters.  If  the  engine 
which  absorbs  this  force  only  gives  out 
again  in  useful  power  150,000  kilogram- 
meters,  what  is  the  horse-power  of  this 
engine  ?     I  say  that  it  will  be 

150,000 

2 —  =50  per  cent., 


and  I  think  that  the  reader  will  be  of  the 
same  opinion.  But  up  .to  the  present 
time,  with  regard  to  thermic  engines, 
people  have  taken  quite  another  fashion, 
and  have  said,  without,  however, 
thoroughly  understanding  the  matter, — 
a  certain  engine,  working  between  tem- 
peratures of  500  and  350°  (227°  X  77° 
C.)  with  a  million  kilogrammeters  only 
does  a  work  equal  to  150,000  kilogram- 
meters ;  therefore,  its  horse-power  is 

15  per  cent., 


1,000,000 

and  no  notice  is  taken  either  of  the 
amount  of  fall  in  temperature  or  of  the* 
relation  of  the  initial  temperature  to  that 
of  absolute  repose.  In  fact,  this  mode 
of  reasoning  would  lead  one  to  estimate 
the  power  of  a  water-wheel  by  dividing 
the  power  Q  X  5  kilogrammeters,  which 
it  utilises,  by  the  force  Q  X  6,360,000 
kilogrammeters,  which  the  weight  of 
water,  Q  kilogrammeters,  would  produce 
by  falling  to  the  center  of  the  earth. 

It  will  be  seen  that  it  is  quite  time  to 
proclaim  everywhere  that  gross  errors 
have  been  committed  in  estimating  the 
horse-power  of  steam  engines  ;  that  they 
have  been  calumniated  ;  that  we  are 
mistaken  in  the  things  that  require  to  be 
modified  in  our  present  practice  in  turn- 
ing to  account  the  work  of  that  invisible 
attraction  called  heat ;  that  we  have 
given  false  returns  ;  that  we  have  attrib- 
uted to .  certain  stages  that  which  has 
come  back  at  others,  and  that,  conse- 
quently, we  have  given  bad  advice  to 
engine-builders.  We  will  give  an  exam- 
ple of  these  false  returns. 

Let  us  take  the  steam  engine  on  which 
M.  Lhoest  has  made  his  experiments. 
No  matter  by  what  means,  593,956  calo- 
ries have  been  given  to  the  steam,  and 
at  that  time  the  temperature  of  the  steam 
is  193°  C,  or  466°  absolute  ;  so  that  the 


thermic  weight  supplied  is,  in  kilogram- 
meters : 


424  X  593,956 
466 


=  540,423  km. 


The  source  of  cold  is  at  9.75°  C,  or  283° 
absolute.  The  fall  in  temperature  that 
it  is  wished  to  utilize  is  then  466  —  283 
=  183°.  The  available  power,  being 
540,423  kilogrammeters  per  degree  of 
temperature,  will,  for  a  fall  of  185p  be 

540,423  X  183  =  98,897,500  km. 

That  is  what  should  be  set  down  to 
the  passivity  of  the  engine,  and  is  what 
it  should  give  out  again  by  a  correspond- 
ing activity.  This  activity  is  composed, 
in  the  first  place,  of  useful  visible  force 
given  out,  which  is,  according  to  the  ex- 
periments, 424  X  76,524  =  32,446,176 
km.  What,  then,  is  the  horse-power  of 
the  engine  ?    It  is,  as  M.  Lhoest  put  it, 

424  X  76,524       ,rt  oo 

-77^ '  „„    =12.88  per   cent. 

424  X  593,956     ■  r 

or  rather, 

424    X    76,524 

98^897,500 


=  32.81    per    cent. 


The  latter  is  the  correct  estimate  oi 
the  power,  and  it  is  more  than  double 
12.88.  What  matters  it?  will  perhaps 
be  said  ;  the  quantity  of  coal  consumed 
is  the  same,  and  as  that  is  the  case  what 
difference  does  it  make  that  the  power 
given  out  be  really  33  instead  of  13  per 
cent.?  It  matters,  however,  much  as  re- 
gards the  construction  of  engines  and  the 
consumption  of  coal,  for  which  so  high  a 
price  is  paid.  In  fact,  the  source  of 
cold,  the  water  of  the  condenser,  was  at 
a  temperature  of  *9. 75^  C.  or  283°  abso- 
lute ;  if  it  had  been  possible  to  cool  the 
steam  to  zero  absolute,  as  540,423  kilo- 
grammeters go  to  a  degree,  a  power  of 
540,423  X  283  =  152,939,850  km.  would 
have  been  disposed  of.  And,  since  one 
cannot  materially  descend  below  283° 
absolute,  these  152,939,850  km.  must  be 
recovered  from  the  water  after  condensa- 
tion in  order  to  have  lost  no  available 
power.  But  449,372  X  424  =  190,533,- 
728  km.  have  been  recovered  from  the 
water  of  the  condenser,  according  to  the 
experiments.  There  is,  then,  under  this 
head,  a  loss  of  37,593,878,  that  is  to  say, 
38.01  per  cent,  of  the  useful  power  in- 
stead of  75.65  per  cent.;  and  our  process 
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of  condensation  is  not  so  bad  asM.  Lhoest 
seems  to  imagine. 

To  what  cause,  then,  must  we  attribute 
the  losses  we  have  just  pointed  out  ? 
Before  answering  this  question,  let  us 
first  reproduce  the  table  of  a  few  par- 
ticulars concerning  the  engine.  -  The 
second  item  reported  by  M.  Lhoest  gives, 
on  our  examination,  1.90  per  cent.  To 
recapitulate,  then,  we  have  : 

Per  cent. 

1.  Work  done  by  the  engine 32 .  81 

2.  Loss  of  water  in  the  casings.    ...     1.90 

3.  Excess  of  heat  found  in  the  con- 

densation water 38 .  01 


72.72 
27.28 


There  remain  then  : 
4.  For  various  causes 


"Why  is  an  excess  of  heat  to  the  extent 
of  38.01  per  cent,  found  in  the  condensa- 
tion water  ?  The  details  given  by  M. 
Lhoest  do  not  tell  us  this,  any  more,  in 
fact,  than  the  practice  which  exhibits  it. 
It  is  to  be  regretted  that  experiments 
made  with  such  precision  should  not 
have  resulted  in  more  detailed  informa- 
tion. There  are  prejudicial  spaces  which 
in  themselves  constitute  a  source  of  loss  ; 
the  expansion  is  not  sufficiently  prolong- 
ed ;  the.  admission  of  steam,  the  expan- 
sion and  compression  are  not  effected 
according  to  the  rules  for  a  maximum  of 
power  given  out,  &c.  What  is  the  rela- 
tive value  of  the  causes  of  loss  f  To  what 
extent  can  they  be  remedied?  Here  are 
questions  of  the  highest  importance  in 
practice,  and  which,  I  fear,  experience 
alone  is  unable  to  answer.  Theory  must 
here  lend  her  aid  to  the  experimenter, 
even  though  he  conceal  his  disdain  for 
pure  tcience  under  assurances  of  the 
greatest  respect.  But  a  full  analysis  of 
the  steam  engine  has  not  yet  been  made, 
we  do  not  pretend  to  make  it  ;  we  await 
that  of  M.  Hirn,  who  tells  us  he  is  well 
up  in  the  subject,  and  whose  work  ad- 
vances rapidly.  Some  words  of  theory 
might,  however,  not  be  out  of  place 
here. 

In  order  to  store  up  the  maximum  of 
the  power  due  to  the  fall  of  a  body,  the 
operation  is  easy  to  understand  that  we 
should  oppose  to  this  fall  a  resistance 
alio  ays  equal  to  the  tendency  of  the  body 
to  approach  its  point  of  repose.  Then 
the  body  will  reach  this  point,  deprived 
of  all  speed,  of  all  vis  viva  ;  and,  as  it  is 
impossible   to   annihilate   or    to    create 


power,  that  which  the  body  was  capa- 
ble of  giving  out  at  a  certain  distance 
from  its  point  of  repose  is  passed  entire- 
ly into  what  has  offered  resistance  to  its 
motion.  Undoubtedly,  it  is  impossible 
to  attain  this  maximum,*  if  the  conditions 
were  practically  realized,  since,  if  resist- 
ance is  equal  to  the  power,  motion  would 
be  impossible.  But  it  is  important  to 
know  the  condition,  even  in  order  to  ap- 
preciate the  means  to  be  employed  to 
approach  this  as  near  as  possible.  Now, 
by  what  has  gone  before,  it  should  be 
understood  that  means  to  use  in  thermic 
engines  must  be  analogous  to  the  fore- 
going. The  principle  is  that  the  body 
which  serves  to  transform  the  invisible 
motion  of  the  molecules  into  one  which 
is  both  visible  and  capable  of  being  utili- 
zed (the  steam  in  our  engines)  is  only 
found  in  contact  with  bodies  which  have 
the  same  temperature  as  itself  that  is  to 
say,  the  same  tendency  to  repose.  The 
immediate  consequences  are  : — (1)  that 
this  intermediate  body  always  remains 
the  same  ;  that  it  does  not  continually 
renew  itself,  as  is  done  practically  in  our 
engines  ;  and,  in  consequence  (2),  that 
the  admission  of  heat  and  its  emission 
take  place  in  the  same  receptacle  ;  (3) 
that  the  sides  of  this  one  receptacle  are 
constantly  at  the  same  temperature  as 
the  steam  which  they  contain  ;  (4)  that 
during  the  time  the  body  is  in  contact 
with  the  source  of  heat  its  temperature 
remains  constant  and  equal  to  that  of 
its  source,  and  that  it  remains  so  during 
its  contact  with  the  source  of  cold  ;  (5) 
that,  while  the  body  returns  from  the 
source  of  heat  to  that  of  cold,  its  tem- 
perature falls  on  account  of  its  dilata- 
tion, but  within  the  receptacle  at  each 
instant  to  the  same  temperature,  that  is 
to  say,  without  there  being  admission  or 
emission' of  heat. 

The  diagram,  then,  of  the  evolutions 
of  the  pressure  and  of  the  volume  of 
this  body  must  be  composed  : — (l)  of  a 
curve  of  equal  temperature  during  the 
admission  of  the  heat  (horizontal  for  the 
saturated  steam,  hyperbolic  for  the 
superheated  steam)  ;  (2)  of  a  curve  of  no 
transmission  while  the  temperature  of 
the  steam  falls  from  that  of  the  hot  body 
to  that  of  the  cold  body  ;  (3)  of  a  curve 
of  equal  temperature  during  the  emission 
of  the  heat  ;  (4)  of  a  curve  of  no  trans- 
mission during  the  compression  which  re- 


356 


VAN   NOSTRAND'S   ENGINEERING  MAGAZINE. 


stores  the  temperature  of  the  steam  from 
that  of  the  cold  body  to  that  of  the  hot 
body,  and  the  steam  itself  to  its  previous 
state. 

The  diagram  of  admission  should, 
therefore,  not  have  a  horizontal  line  to 
represent  the  superheated  steam,  and 
there  should  be  a  curve  of  compression. 
The  expansion  should  be  sufficiently  pro- 
longed for  the  pressure  to  become  equal 
to  that  which  corresponds  to  the  tem- 
perature of  the  exhaust. 

These  conditions  cannot  be  realized  ; 
very  true  ;  but  what  I  Want  to  know  is 
the  amount  of  approximation  we  can  ar- 
rive at  by  practical  means,  and  the 
amount  of  loss  that  can  be  fairly  attrib- 
uted to  each  imperfect  method  we 
adopt,  in  order  to  be  enlightened  as  to 
the  practice  to  follow  so  as  to  attain  per- 
fection. In  this  respect  I  am  far  from 
being  satisfied  even  with  M.  Lhoest's 
table,  after  I  have  corrected  it.  Again, 
to  what  must  we  attribute  the  enormous 
loss  of  about  two-thirds  of  the  available 
power  ?  To  the  worse  than  useless 
spaces  ;  to  the  imperfect  expansion  ;  to 
the  dead  points  of  the  stroke  ;  to  the 
necessity  of  leading  the  steam  to  the 
cylinder  and  afterwards  to  the  con- 
denser ;  to  loss  by  radiation,  &c?  To 
all  these  causes  the  reply  must  be,  yes  ; 
but  how  much  is  to  be  attributed  to  each 
of  them?  That  is  the  problem  which 
science  will  one  day  solve. 

A  second  also  presents  itself,  which  is 
none  the  less  important  as  regards 
economy  of  fuel.  One  of  the  factors  of 
the  maximum  available  thermic  power  is, 
as  we  have  seen,  the  fall  of  temperature, 
just  as  is  the  extent  of  fall  in  the  case  of 
a  water-wheel.  The  other  factor  is  the 
thermic  weight.  The  available  power  of 
a  falling  stream  of  water  from  an  orifice 
of  given  area,  is  augmented  by  increas- 
ing the  height  of  fall.  In  the  same 
way  the  effective  power  of  a  thermic 
weight  is  augmented  by  increasing  the 
fall  of  temperature  ;  viz.,  by  raising  the 
temperature  of  admission  and  lower- 
ing that  of  emission.  The  deduction 
from  this  is  evident.  This  is  the  point 
to  which  attention  should  be  directed  in 
the  first  place — to  extend  as  much  as 
possible,  within  reasonable  limits,  the  ex- 
treme degrees  of  temperature. 

We  cannot  conclude  these  notes  with- 


out referring  briefly  to  the  criticism  with 
which  M.  Lhoest  has  honored  us  with 
respect  to  what  we  have  said  in  our 
"  Theory  of  Steam-Engines,"  as  to  the 
efficiency  of  steam  casings.  M.  Lhoest 
admits  that  there  is  much  controversy 
oh  this  question  ;  and  in  fact,  that  while 
the  experiments  of  M.  Hirn,  M.  Combes, 
and  others,  argue  a  saving  of  20  and 
even  40  per  cent,  by  the  use  of  steam 
jackets,  other  experiments  go  to  prove 
that  there  is  no  saving  at  all,  if  indeed 
there  be  no  loss.  It  must,  then,  be  con- 
ceded, that  this  is  at  present  an  open 
question  ;  that  it  has  not  been  settled 
practically  ;  that  the  constructors  of 
engines  should  not  be  counselled  to 
adopt  the  steam  jacket,  looking  to  all 
the  difficulties  of  unequal  dilatation  and 
consequent  fracture  which  often  ensue  ; 
in  a  word,  that  the  whole  question  of 
steam  casings  should  be  reserved  for  the 
present.  I  entirely  share  M.  Lhoest's 
views,  when  he  expresses  the  opinion 
that  the  efficiency  of  the  casing  depends 
on  special  conditions  in  particular  cases  ; 
this  must  be  so,  as  the  problem  remains 
without  solution  in  practice.  But,  I  con- 
fess, I  have  difficulty  in  crediting  a  sav- 
ing of  ±0,  and  even  of  20  per  cent.,  in  par- 
ticular cases,  since  no  reason  can  be  as- 
signed for  the  existence  of  such  saving  in 
these  particular  cases.  That  there  may 
possibly  be  a  saving  of  5,  and  even  10 
per  cent,  in  daily  practice,  I  admit ;  but 
20  and  40  per  cent.  I  cannot  believe,  the 
concurrence  of  so  high  an  authority  as 
M.  Hirn  notwithstanding. 

In  no  experiment  has  the  speed  of  the 
engine  been  taken  into  account ;  and 
yet  I  have  already  shown  that,  according 
to  this  speed,  the  power  might  vary 
from  zero  to  a  maximum  following  a 
series  which,  at  certain  points  removed 
from  the  maximum,  varies  with  extreme 
rapidity.  Now  I  am  convinced  that  the 
speed  of  our  steam  engines  differs  con- 
siderably from  that  which  corresponds  to 
the  maximum  of  power  given  out.  Is, 
then,  this  matter  unimportant,  since  the 
power  of  the  engine  is  even  treated  dif- 
ferently to  that  of  a  fluid  ?  The  question 
of  steam  casings  cannot  be  determined 
experimentally,  more  than  any  other, 
unless  every  thing  be  taken  into  account 
in  the  experiments,  which  is  impossible. 
It  is,  then,  in  my  opinion,  desirable  to 
have  the  matter  elucidated  by  the  aid  of 
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theory,  instead  of  experiments,  which 
often  lead  the  experimenter  astray  into 
a  labyrinth  of  influences,  which  he  does 
not  understand,  and  which  give  to  his 


deductions  the  appearance  of  impossibility 
or  erroneous  interpretations,  while  the 
results  themselves  may  be  without 
question. 


THE  PROPOSED  SUBMERSION  OF  NORTH  AFRICA  BY  THE 
MEDITERRANEAN  SEA. 

From  "Journal  of  the  Society  of  Arts." 


Aftee  a  brief  notice  of  the  traffic  in 
foreign  merchandise  that  passes  through 
the  Tunisian  port  of  Susa,  for  distribu- 
tion by  means  of  caravans  amongst  the 
towns  and  villages  of  the  interior,  Vice- 
Consul  Dupuis  remarks  more  fully  upon 
the  projected  inland  North  African  sea. 
The  project  of  submerging  the  region  of 
Djerid  by  means  of  a  canal  is  based 
upon  a  fact  clearly  recorded,  viz.,  the 
presence  of  water,  in  the  form  of  lakes, 
in  the  line  of  the  great  depressions,  and 
upon  the  presumption  that  these  lakes 
were  themselves  but  the  residue  of  some 
vaster  body  of  water  or  inland  sea, 
which  disappeared  at  a  still  earlier  date 
from  the  surface,  owing,  it  is  conjectur- 
ed, to  the  formation  of  an  isthmus, 
which  cut  it  off  from  the  Mediterranean 
with  which  it  was  connected. 

The  recent  surveys,  though  they  reject 
the  idea  of  any  connection  with  the 
Mediterranean  having  existed — a  hasty 
conclusion  based  upon  mere  inferiority 
of  level  to  that  of  the  sea — would  seem 
to  indorse  the  fact  of  all  the  region  hav- 
ing been  under  water.  Indeed,  had 
there  existed  a  connection,  it  is  presum- 
able that  more  than  a  mere  incidental 
reference  would  have  come  down  to  us 
regarding  so  large  an  arm  of  the  sea,  as 
in  that  case  it  would  have  been  indent- 
ing the  land,  and  therefore  available  for 
the  purposes  of  war  or  commerce  by  the 
ancients.  The  results  obtained  prove 
that  the  sands  are  of  but  secondary  im- 
portance on  the  isthmus,  which  is  chiefly 
composed  of  alternate  strata  of  grey 
quartz  and  ferruginous  freestone,  which 
rise  at  an  angle  of  sixty  degrees,  and  lie 
over  another  stratum  of  chalk.  This 
excludes  all  notion,  therefore,  of  any 
choking  up  of  an  early  passage  for  the 
waters.  No  reference  is  made  to  waters 
in    the    depressions    by    Arab    writers, 


probably  on  account  of  their  insignifi- 
cance at  the  date  of  their  conquest,  yet 
all  unite  in  describing  this  country  as 
having  been  very  woody,  but  state  that 
the  wood  was  all  cut  down  to  facilitate 
the  subjection  of  the  tribes,  who,  for 
upwards  of  a  century  after,  fought  des- 
perately for  their  independence,  as  well 
as  during  their  own  internecine  wars 
which  followed.  According  to  them  the 
country  was  well  supplied  with  streams 
and  abundance  of  water,  a  statement 
itself  in  harmony  with  the  notion  of  a 
degree  of  atmospheric  humidity  con- 
ducive to  luxuriant  vegetation,  and  pre- 
supposing the  cause  which  alone  could 
bring  it  about. 

Whole  regions,  therefore,  now  con- 
demned to  sterility,  with,  save  perhaps 
an  oasis  here  and  there,  were  formerly 
rich  in  pastures,  and  interspersed  with 
towns.  The  desert,  which  has  gradually 
extended  in  regions  lying  between  Tri- 
poli and  Egypt  until  it  has  reached  the 
sea,  covering  districts  once  fertile,  and 
burying  Egyptian  ruins,  has,  beyond 
doubt,  similarly  encroached  on  the  Tuni- 
sian southern  frontier  between  it  and 
Tripoli.  The  diminished  heights  and 
lowering  of  the  Atlas  range,  let  in  the 
sands  carried  by  every  southerly  wind, 
notably  by  the  periodical  south  and 
south-east  winds,  to  which  the  more  ele- 
vated and  uniform  heights  of  the  moun- 
tain system  oppose  a  formidable  barrier 
in  more  favored  Barbary  States  west- 
ward. In  Morocco,  especially,  these 
same  winds  are  so  tempered  in  their 
passage  across  the  intervening  heights 
as  hardly  to  be  recognized  as  the  same 
which  here  dry  up  and  parch  the  land 
in  summer.  It  may  therefore  be  pre- 
sumed that  the  disappearance  of  the 
waters  in  question  is  due  to  the  encroach- 
ment of  the  desert,  caused  by  the  action 
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of  these  winds  during  a  long  succession 
of  centuries,  aided  by  absorption  and  by 
co-operation  occasioned  by  the  presence 
of  the  vast  scorching  desert  to  which 
their  own  southern  aspect  left  them  fully 
exposed.  To  these  causes  may  also  be 
added  the  substances  brought  down  by 
streams,  which,  by  all  accounts,  were 
many  ;  these,  by  narrowing  the  margins 
and  spreading  the  waters,  helped  the 
work  of  desiccation,  which  was  accelerat- 
ed, moreover,  by  a  decrease  in  the  plu- 
vial supplies  consequent  on  the  disap- 
pearance of  mediaeval  forest.  There  can 
be  no  doubt  about  the  drying  up  of  many 
of  the  streams  here,  as  elsewhere  in 
Barbary,  being  due  to  the  clearing  away 
of  forest,  whether  in  the  plains  or  in  the 
highlands,  by  the   Arabs  on  their  con- 


quest and  after.  The.  consequence  is 
that  the  periodical  rains,  which  at  an 
earlier  date  fertilized  the  country,  were 
replaced  by  heavier  but  rarer  falls,  the 
waters  of  which  rush  down  the  slopes 
and  disappear  in  the  sands,  or  mix  with 
the  noxious  waters  of  the  lagoons  ere 
they  penetrate  and  salinate  the  soil  to 
any  depth.  The  action  of  these  passing 
waters  is  seen  in  a  wasting  away  of  earth 
and  exposure  of  naked  rock  in  all  the 
"  Hamayed,"  or  elevated  lands,  hill 
sides,  or  ravines. 

When  it  is  considered  that  the  regency 
of  Tunis  is  a  lake  country,  and  that  re- 
cent discoveries  have  brought  to  light 
similar  vast  sheets  of  water  in  Africa, 
the  existence  of  an  inland  sea  may  not 
seem  such  a  startling  idea. 


THE  CALCULATION  OF  EARTHWORK. 

Bt  N.  B.  PUTNAM,  C.  B. 
Written  for  Van  Nostrand's  Magazine. 


A  section  of  earthwork  is  a  solid, 
bounded  by  the  formation  surface  or 
road-bed,  the  side-slopes,  the  two  planes 
of  eross-section  and  by  the  natural  sur- 
face of.  the  ground — a  surface  generally 
curved  and  more  or  less  irregular.  For 
the  determination  of  the  cubical  content 
of  this  solid,  there  are  given  its  length, 
or  the  perpendicular  distance  between 
the  cross-sections  and  the  two  end  or 
cross-sectional  areas,  which  are  usually 
determined  by  the  width  of  the  road-bed, 
the  value  of  the  side-slopes,  and  by  the 
center  and  side  heights. 

The  two  modes  of  calculation  most  fre- 
quently employed  in  estimating  earth- 
work, are :  1°,  the  Mean  Areas  Meth- 
od," in  which  the  section  of  earthwork 
is  regarded  as  equivalent  to  a  prism,  the 
area  of  whose  base  is  equal  to  the  mean 
of  the  two  end  areas,  and  whose  alti- 
tude is  the  length  of  the  section;  so  that 
if  S,  and  S2  be  the  end  areas,  and  I  the 
length  of  the  section,  the  solidity  will  be 
represented  by 


A  +  sa 

2  ~ 


(1) 


2°,  the  method  by  the  Prismoidal  For- 
mula, which  (a)  regards  the  solid  under 


consideration  a  prismoid,  i.  e.  a  solid 
composed  of  prisms,  wedges  and  pyra- 
mids whose  common  altitude  is  the 
length  of  the  section,  or  which  (b)  as- 
sumes the  natural  surface  of  the  ground 
to  be  a  surface  generated  by  a  right  line 
moving  along  the  surface  lines  of  the 
two  cross-sections ;  by  this  method  the 
content  of  the  section  is  represented  by 


(S1  +  4Sm  +  S2 


(2) 


in  which  Sm  is  the  " middle  area"  and  is 
(a)  equal  to  the  sum  of  the  middle  areas 
of  the  prisms,  wedges  and  pyramids  of 
the  prismoid,  or  it  is  (b)  the  area  of  an 
assumed  cross-section,  any  "height"  of 
which  is  the  mean  of  the  corresponding 
heights  of  the  end  cross-section.  The 
Prismoidal  Formula,  with  an  assumed 
middle  area,  is  the  basis,  so  far  as  I  am 
aware,  of  all  the  many  "  Earthwork 
Tables  "  in  common  use. 

From  eqs.  (l)  and  (2)  we  see  that  V2 
will  equal,  be  greater  or  less  than  Vl5  ac- 
cording as  Sm  is  equal  to,  greater  or  less 

S  4-S 
than  -i— — 2.   •  In  this  article  we  shall  as- 

sume  the  middle  area  to  be  less  than  the 
mean  area,  since  statements  not  unfre- 
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quently  appear  in  engineering  text-books 
to  the  effect  that  this  method  of  calcula- 
tion by  the  Prismoidal  Formula  gives 
the  true  quantity  of  excavation  or  em- 
bankment, while  the  amount  of  earth- 
work, as  estimated  by  averaging  the  end 
areas,  is  generally  too  great. 

In  order  to  present  at  a  glance  the 
solidity  of  a  section  of  earthwork,  let  us 
substitute  for  it  an  equivalent  solid 
whose  altitude  is  an  unit ;  the  base  of 
such  a  solid  will  contain  as  many  units 
of  area  as  the  solid  contains  units  of 
content ;  and  the  formula  which  ex- 
presses the  area  of  this  base  may  also  be 
used  to  determine  the  solidity  of  the 
section. 

Let  A  B  (Fig.  1)  represent  the  length 
of  a  section,  let  S2  be  the  cross-sectional 
area  at  A,  S2  that  at  B,  and  let  S^S,. 

Fig.  1. 


At  A  erect  a  perpendicular  A  a,  repre- 
senting as  many  units  of  length  as  Sa 
contains  units  of  area ;  so  also  let  B  b 
represent  S2  -r-  unity;  join  a  b  ;  the  area 

S  4-S     I 

of  the  base  AabB  is  — 2.-,  which 

1        2' 

being  multiplied  by  unity  gives  the 
cubical  content  of  the  section  as  found 
by  the  Mean  Areas  Method.  At  M,  the 
middle  point  of  A  B,  erect  a  perpendicu- 
lar M  m  representing  as  many  units  of 
length  as  the  assumed  middle  area  con- 
tains units  of  area  ;  join  amb ;  the  area 
of  the  base.  AambB,  found  by  the  well- 
known  Simpson's  Rule,  is 

Z/S,+4Sm  +  S2\ 


c 


which  is  the  form  of  eq.  (2). 

Suppose,  now,  that  we  have  three  equi- 
distant cross-sections,  Sl5  S2,  S3,  the  first 
taken  at  the  foot  of  a  hill,  the  third  at 
the  summit,  and  the  second  midway  be- 
tween the  third  and  first ;  *  SQ  will  evi- 

S  4-S  • 
dently  be  greater  than  — - 3.     In  (Fig. 


2)    let   AB   represent  the  distance  be- 
tween the   end    cross-sections,   let   A  a 

s  s  s 

represent—-,  Cc,  — 2  and  B  5,  — 3  ;    join 

a  c  b.     Since  the  area  of  the  base  of  this 

Fig.  2. 


equivalent  solid  is  given  by  Simpson's 
Rule,  the  solidity  of  the  block  of  earth- 
work may  be  found  by  the  Prismoidal 
Formula,  using  S2  as  the  middle  area. 

Consider  now  the  two  sections  into 
which  the  middle  cross-section  divides 
the  block  of  earthwork.  The  amount  of 
excavation,  as  found  by  the  Prismoidal 
Formula,  using  assumed  middle  areas 
maybe  represented  by  the  area  A  a  mx 
c  m2  b  B  ;  Mj  ml3  M2  m2  representing  the 
assumed  middle  areas.  We  thus  obtain 
two  entirely  different  results,  although 
both  methods  of  calculation  are  based 
upon  the  same  form  of  expression  ;  the 
error  arises,  not  from  the  first  application 
of  the  Prismoidal  Formula,  but  from  the 
use  of  the  assumed  middle  areas  M,  ml9 
M2  m2;  that  is  to  say,  a  section  of  earth- 
work is  not  a  prismoid,  nor  is  the  surface 
of  the  ground  a  surface  of  right  line 
generation. 

To  present  the  case  more  clearly,  let 
(Fig.  3)  represent  the  longitudinal  sec- 
tion of  a  cut  or,  inverted,  of  a  fill,  the 
surface  line  being  concave  towards  A  B, 
and  suppose  that  the  work  has  been 
cross-sectioned  at  every  foot  of  its 
length ;  the  cross-sectional  areas  will 
vary  as  the  ordinates  of  the  curve 
a  1  2  3  .  .  .  b  (Fig.  3a)  which  is  convex 
or  concave  according  as  the  surface 
line  (Fig.  3)  is  convex  or  concave. 
Construct  as  before  the  base  (Fig.  3a) 
of  an  equivalent  solid  of  unit  altitude ; 
knowing  the  general  form  of  this  base, 
and  having  given  a  number  of  cross-sec- 
tional areas,  and  the  distances  between 
the  points  at  which  these  areas  are  meas- 
ured, we  can  determine  what  method 
will  best  give  the  amount  of  excavation 
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Fig.  3. 
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or  embankment.  From  (Fig.  3a)  we  see 
that  the  Mean  Areas  Method  gives  less 
than  the  true  amount  and  more  than  the 
method  of  the  Prismoidal  Formula,  using 
assumed  middle  areas. 

In  the  exceptional  case  of  an  excava- 
tion through  a  valley  or  an  embankment 
over  a  knoll  or  hill,  the  line  a  1  2  3  .  .  .  b 
in  (Fig.  3a)  will  be  convex  downwards; 
the  Mean  Areas  Method  will  in  this  case 
give  an  estimate  a  little  too  large,  while 
the  Prismoidal  Method  will  give  near- 
ly the  true  amount  of  earthwork. 

When  the  cross-sections  are  equi-dis- 
tant,  the  solidity  of  the  excavation 
should  be  found  by  the  Prismoidal  For- 
mula using  measured  middle  area  ;  in 
other  words,  by  the  application  of 
Simpson's  Rule  substituting  the  cross- 
sectional  areas  for  the  length  of  the 
ordinates. 

Let  n  =  the  number  of  equi-distant 
cross- sections,  and  I  the  common  length 
of  the  sections,  the  volume  of  earthwork 
is  given  by  the  following  equations  : 


n  odd,   V=^[S1  +  4SSI  +  2S8  +  4S4 

o 


+ +  4Sn_!  +  Sn] 


w,  even,   V=-  [S1  +  4S9  +  2S,  + 

+4Sn_2  +  Sn_1]  +  -Z[Sn_1  +  Sn] 

With  very  irregular  ground  the  best 
approximation  is  given  by  the  Mean 
Areas  Method. 


A  telescope  is  now  in  course  of  con- 
struction, in  Dublin,  by  Messrs.  Grubb, 
for  the  Vienna  Observatory.  The  tele- 
scope is  to  be  thirty-two  feet  in  length, 
and  it  will  have  an  object  glass  of  twenty- 
six  inches  diameter;  the  large  brass  case, 
weighing  eight  tons,  is  to  have  a  cham- 
ber twelve  feet  in  length,  and  four  and 
a-half  feet  in  diameter.  The  tube  is  to 
be  entirely  of  steel,  and  all  friction  of 
the  axes  will  be  avoided.  The  instru- 
ment is  to  be  finished  in  the  course  of 
1878;  its  cost  is  estimated  at  £87,500. 
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SOME  METHODS  OF  ESTIMATING  THE  ILLUMINATING 
POWER  AND  PURITY  OF  COAL  GAS. 

By  A.  VERNON  HARCOURT,  M.A.,  F.R.S. 
From  "  Journal  of  the  Society  of  Arts." 


It  is  well  known  that  coal  gas  which 
has  been  purified  from  sulphuretted 
hydrogen  is  not  free  from  sulphur, 
but  retains,  chiefly  in  combination  with 
carbon,  a  quantity  of  this  element,  vary- 
ing from  ten  to  forty  grains  in  100  cubic 
feet.  It  is  commonly  believed  that  the 
small  quantities  of  sulphurous  and  sul- 
phuric acid  produced  by  the  burning  of 
coal  gas  distinguish  it  unfavorably  from 
other  illuminants,  and  hence  there  is  a 
general  wish  among  both  the  consumers 
and  producers  of  gas  to  remove  as  far  as 
possible  the  last  traces  of  sulphur. 

Sulphuretted  hydrogen  is  one  of  the 
few  substances  for  whose  presence,  even 
in  very  small  quantity,  we  have  a  test 
which  anyone  can  apply,  which  is  quick 
and  conclusive.  The  existence  of  such  a 
test  has  no  doubt  contributed  greatly  to 
the  development  of  a  system  of  purifica- 
tion, by  which  coal  gas,  at  least  in  Lon- 
don, is  always  and  absolutely  freed  from 
sulphuretted  hydrogen.  In  his  endeavor 
to  purify  gas  from  other  sulphur  com- 
pounds the  manufacturer  has  no  test  so 
handy  as  the  strip  of  lead-paper,  to  bear 
witness  at  once  when  the  purifying  ma- 
terial needs  renewal.  Increased  facility 
of  testing  might  lead,  in  this  case  also, 
to  the  discovery  of  better  methods  of 
purification  or  to  a  better  management 
of  existing  methods. 

While  endeavoring  to  turn  to  account 
for  the  purification  of  gas  the  effect  of 
heat  upon  it,  which  converts  the  bi-sul- 
phide  of  carbon  in  gas  into  sulphuretted 
hydrogen,  it  occurred  to  me  that  a  test 
might  be  based  on  the  same  principle. 

I  have  here  a  glass  tube  filled  for  two 
inches  with  a  plug  of  platinum  wire  and 
foil.  lam  passing. gas  through  it,  but 
as  the  gas  is  pure  from  sulphuretted 
hydrogen  it  does  not  affect  the  paper 
moistened  with  solution  of  acetate  of 
lead  upon  which  the  gas  is  blowing.  Now 
I  heat  the  tube,  and  you  will  soon  have 
evidence  of  the  presence  of  sulphur  in 
the  gas. 

This,  however,  is  only  a   qualitative 


test,  or,  at  most,  the  rate  at  which  the 
paper  darkens  furnishes  a  very  rough 
indication  of  the  amount  of  sulphur  in 
the  gas.  In  the  case  of  an  impurity  such 
as  sulphuretted  hydrogen,  which  is  to  be 
wholly  removed,  a  qualitative  test  of 
this  kind  is  all  that  is  required.  But,  as 
no  means  are  known  of  arresting  com- 
pletely the  other  compounds  of  sulphur, 
and  all  that  can  be  done  is  to  reduce 
their  proportion  as  low  as  possible,  a 
qualitative  test  is  insufficient.  What  is 
required,  as  a  guide  in  managing  the 
process  of  purification,  is  a  rapid  quanti- 
tative test. 

To  fulfill  this  requirement,  I  propose 
to  substitute,  for  the  lead-paper  with  the 
gas  blowing  upon  it,  a  solution  of  lead, 
through  which  the  gas  shall  pass  in 
small  bubbles.  All  the  sulphuretted 
hydrogen  in  the  portion  of  gas  operated 
on  is  thus  arrested;  and,  through  the 
mixing  of  the  liquid,  an  uniform  color  is 
obtained,  whose  shade  the  eye  can  com- 
pare with  that  of  a  similar  portion  of  a 
standard  colored  liquid.  If  the  passage 
of  the  gas  is  continued  until  the  tint, 
which  grows  continually  darker,  matches 
that  of  the  standard  liquid,  a  definite  and 
ascertainable  quantity  of  lead  sulphide 
must  have  been  formed,  containing  a 
known  quantity  of  sulphur,  and  that  de- 
rived from  a  known  volume  of  gas.  The 
larger  the  volume  of  gas  that  must  be 
passed  before  this  tint  is  attained,  the 
smaller,  in  exact  inverse  ratio,  is  the 
proportion  of  bi-sulphide  of  carbon  in 
the  gas. 

To  prepare  a  lead  solution  which 
gives  a  clear  tint  instead  of  becoming 
turbid  when  acted  on  by  sulphuretted 
hydrogen,  I  dissolve  litharge  in  caustic 
soda,  and  add  a  relatively  large  quantity 
of  solution  of  sugar.  For  each  testing, 
a  little  of  the  solution  thus  prepared  is 
mixed  with  twenty  or  thirty  times  its 
volume  of  water. 

For  a  standard  of  comparison,  I  have 
tried  various  coloring  matters.  Any  red, 
yellow,  and  blue  seem   to  give  a  brown. 
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Cochineal,  caramel,  and  indigo,  rightly 
proportioned,  matched  the  tint  of  the 
colored  lead  solution  very  satisfactorily ; 
and  the  appearance  of  the  liquid  did  not 
change  perceptibly  from ,  day  to  day; 
but,  after  some  weeks,  I  found  that  my 
result  had  varied,  and  that  the  gradual 
fading  of  the  standard  color  was  the 
cause.  Since  then  I  have  used  a  mixture 
of  the  three  sulphates  of  copper,  cobalt 
and  iron,  substances  which  are  perfectly 
stable.  To  imitate  a  dark  shade  which 
the  colored  lead  solution  has,  probably 
owing  to  the  sulphide  of  lead  not  being 
really  dissolved,  but  rather  suspended 
in  a  state  of  minute  division,  I  add  a 
trace  of  lamp-black  to  the  standard 
liquid. 

Unfortunately,  the  colored  lead  solution 
and  the  standard  look  differently  by  day- 
light and  by  gas-light,  and,  through  the 
change  of  light,  they  become  extremely 
different  one  from  another.  I  have, 
therefore,  prepared  another  standard  for 
use  by  gas-light,  and  it  happens  con- 
veniently that  a  mixture  of  the  sulphate 
of  cobalt  and  copper  serves  the  purpose. 
The  volume  of  gas  which  has  been 
operated  upon  is  known  with  sufficient 
accuracy  by  reading  off  the  volume  of 
water  which  has  run  from  the  aspirator 
into  the  measuring  vessel  placed  beneath. 
The  standard  has  been  made  such,  that 
to  impart  the  same  tint  to  the  same  vol- 
ume of  lead  solution,  there  is  required 
0.0025  grain  of  sulphur.  From  this 
datum,  and  the  capacity  of  the  measur- 
ing cylinder,  I  have  calculated  a  table 
giving  the  number  of  grains  of  sulphur 
in  one  hundred  feet  of  gas  corresponding 
to  each  graduation. 

The  apparatus  in  the  form  in  which  I 
have  it  here  is  probably  familiar  to  some 
who  are  present,  as  I  brought  it  before 
the  meeting  of  the  British  Association 
of  Gas  Managers  at  Leeds  last  summer, 
and  my  account  of  it  was  published  in 
the  Journal  of  Gas  Lighting.  But 
quite  recently  a  suggestion  made  to  me 
by  Mr.  Wills  has  led  to  an  improvement 
in  the  apparatus,  which  may,  I  hope, 
help  to  justify  me  in  giving  this  further 
account  of  it. 

Mr.  Wills  suggested  to  me  to  use  pla- 
tinum as  the  heated  material  over  which 
the  gas  should  pass,  he  having  observed 
that  the  development  of  sulphuretted 
hydrogen  occurred  at  a  lower  tempera- 


ture when  the  gas  was  in  contact  with 
platinum,  then  when  it  is  heated  other- 
wise. 

Such  an  action  of  platinum  upom  mix- 
tures of  gases  is  familiar  to  chemists  by 
many  examples,  and  I  can  only  plead  in 
defence  of  the  comparatively  bulky  and 
inconvenient  form  which  my  test  has  as- 
sumed hitherto,  that  I  designed  it,  in  the 
first  place,  not  for  laboratory  use,  but  to 
illustrate  a  chemical  fact,  which  I  hoped 
to  turn  to  account  on  a  large  scale  for 
the  purification  of  gas.  Those  who  have 
used  it  must,  I  think,  have  convinced 
themselves  that  when  gas  is  passed 
through  a  layer  of  heated  pebbles,  the 
sulphur  contained  in  it,  with  the  excep- 
tion of  8  or  9  grains  in  100  cubic  feet,  is 
converted  into  sulphuretted  hydrogen, 
and  can,  therefore,  be  easily  removed. 

If  any  others  have  had  this  test  in 
operation,  as  I  have,  continuously  for 
several  months,  they  will  also  have  con- 
vinced themselves  that  the  action  of  the 
heated  surface  upon  the  gas  may  be  con- 
tinued for  an  indefinite  time,  if  the  tem- 
perature is  not  allowed  to  rise  too  high, 
and  if,  at  intervals  of  one  or  two  months, 
air  is  drawn  through  the  apparatus. 

Experimenting  with  this  larger  object 
in  view,  I  made  trial  only  of  common 
materials,  which  it  was  practicable  to  use 
on  a  large  scale.  Perhaps  it  is  impossi- 
ble that  so  costly  a  metal  as  platinum 
should  be  used  in  gas  manufacture, 
especially  where  the  object  in  view  is 
only  a  slight  improvement  in  the  quality 
of  the  article  manufactured.  But  it  is 
possible  to  employ  costly  materials  for 
common  uses  where,  as  in  the  use  of  gold 
on  paper-hangings,  a  little  goes  a  long 
way.  Substances  which  can  be  dissolved, 
may  be  spread  over  an  indefinitely  large 
surface,  by  wetting  the  surface  with 
their  solution.  Mr.  Deacon  has  thus  ap- 
plied copper  to  the  manufacture  of  chlo- 
rine. Whether  or  not  the  action  of  heat- 
ed platinum  on  gas  may  hereafter  find 
any  more  extended  application,  it  serves 
exceedingly  well  the  purpose  of  this  test. 
It  may  be  used  by  leading  gas  through 
either  a  piece  of  glass  tube  packed  with 
platinum  wire,*  or  a  bulb  filled  with 
pumice  which  has  been  steeped  in  chlo- 
ride of  platinum  and  ignited. 

I  have  now  in  the  second  place  to  di- 
rect your  attention  to  certain  methods 
of  estimating  the  illuminating  power  of 
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coal  gas.  Such  methods  divide  them- 
selves into  two  kinds;  those  in  which  the 
amount  of  light  obtainable  from  a  given 
volume  of  gas  is,  by  some  means,  direct- 
ly estimated,  and  those  in  which  it  is  in- 
ferred from  some  other  property  of  the 
gas. 

Of  the  latter,  which  I  may  call  indi- 
rect methods,  one  of  the  best,  but  the 
most  troublesome,  is  the  complete  analy- 
sis of  the  gas.  This  demands  a  special 
and  somewhat  complicated  and  fragile 
apparatus,  and  considerable  manipulative 
skill  on  the  part  of  the  operator.  Im- 
provements in  the  methods  of  gas  analy- 
sis have  considerably  reduced  the  length 
of  the  operation,  but  it  can  hardly  occu- 
py less  than  three  or  four  hours. 

Some  information,  but  of  rather  un- 
certain value,  is  to  be  derived  from  the 
determination  of  the  specific  gravity  of 
the  sample  of  gas. 

Absorption  by  bromide  of  the  olefines, 
to  which  chiefly  the  illuminating  power 
of  gas  is  due,  is  an  operation  which  can 
be  easily  and  quickly  performed,  and 
which  should  give  trustworthy,  though 
not  very  exact,  indications  of  the  rela- 
tive value  of  different  samples  of  coal 
gas. 

The  simplest  and  most  trustworthy  of 
the  indirect  methods  are  those  which  de- 
pend upon  the  relation  between  the  quali- 
ty of  different  samples  of  gas  burning 
under  the  same  conditions,  and  the  size 
of  the  flame  which  they  produce.  The 
size  of  the  flame  is  most  easily  observed 
by  giving  it  the  form  of  a  long,  narrow 
column  as  in  Lowe's  jet  photometer. 
The  samples  of  gas  to  be  compared  may 
be  burnt  when  issuing  either  at  the  same 
pressure,  or  at  the  same  rate.  Or  else 
the  length  of  flame  may  be  kept  constant 
and  the  required  pressures  or  rates  of 
consumption  compared.  The  last-named 
modes  of  operation  are  those  employed 
in  Messrs.  Kirkham  and  Sugg's  form  of 
the  jet  photometer,  and  in  the  "  duration" 
test.  Still  another  mode  of  making  the 
same  comparison  has  recently  been  pro- 
posed by  Mr.  Sugg,  who  has  been  kind 
enough  to  lend  me  his  illuminating 
power  meter  to  show  here  this  evening. 
In  this  instrument  the  gas  is  set  to  burn 
from  an  Argand  burner  with  a  flame 
three  inches  in  height.  It  can  be  made 
either  to  pass  through  the  meter  or  not; 
and  in  the  upper  part  of  the  meter  case 


is  a  minute   clock.     The   index   of   the 
meter  having  been  stopped  at  the  top  of 
the  scale,  gas  is  sent  through  the  meter 
for  one  minute   by   the   clock,  and  then 
turned  off  again,  the  flame  being  con- 
stantly maintained  at  the  height  of  three 
|  inches.     According  as  the  gas   is  richer 
I  or  poorer,   the  index  of  the   meter  will 
have  traveled  a  less  or  greater  distance; 
!  and  the  dial-plate  is  so   graduated   and 
numbered,  that  from  the  place  at  which 
\  the  index  has  stopped,  the  illuminating 
power  of  the  gas  may  be  read  off. 

Direct  observations  of  the  illuminating 
power  of  different  samples  of  gas  have 
hitherto  been  made  by  a  judgment  of 
the  eye,  comparing  under  conditions 
favorable  to  exact  observation  the  rela- 
tive brightness  of  the  flame  produced  by 
the  sample  of  gas  and  of  a  standard 
light. 

Within  the  last  year,  however,  two 
substitutes  for  the  direct  judgment  of 
the  eye  have  been  suggested,  founded 
upon  the  observation  of  two  physical 
properties  of  light.  The  facts  which 
have  been  observed  in  both  cases  are  of 
transcendent  scientific  interest ;  but  I 
must  here  confine  myself  to  the  proposed 
practical  applications  of  them  to  pho- 
tometry. 

The  element  selenium  is  a  substance 
so  incapable  of  conducting  electricity 
that  it  has  been  used  as  an  insulator  in 
telegraphy.  Three  years  ago  Mr.  Wil- 
loughby  Smith  observed  that  its  power 
of  insulation  was  impaired  by  exposure 
to  sunlight.  Since  then  this  effect  of 
light  has  been  examined  by  Dr.  Werner 
Siemens  and  Professor  Adams. 

Unfortunately  the  effect  of  light  upon 
the  electric  conductivity  of  selenium 
varies  according  to  the  temperature  to 
which  the  selenium  has  been  exposed, 
and  the  mode  of  cooling;  moreover  the 
effect  of  light  gradually  diminishes,  and 
after  prolonged  exposure  the  selenium 
needs  to  rest  in  darkness  for  a  length  of 
time  before  its  sensibility  is  fully  restor- 
ed. The  most  comparable  results  are 
obtained  by  observing  the  maximum 
effect  produced  when  a  piece  of  selenium, 
inserted  in  a  galvanic  circuit,  comprising 
a  battery  and  a  galvanometer,  is  exposed 
to  various  sources  of  light  for  a  few 
moments.  Professor  Adams  employs  a 
piece  of  crystalline  selenium  which  is 
exposed  to  different  sources  of  light  sue- 


364 


VAN  NOSTRAND'S   ENGINEERING  MAGAZINE. 


cessively,  for  ten  seconds,  and  observes 
the  maximum  deflection  of  the  needle  of 
the  galvanometer.  Dr.  Siemens  arranges 
the  ends  of  two  fine  wires  in  a  spiral  or 
zigzag  form,  so  that  within  a  small  space 
each  may  be  close  to  the  other,  without 
touching,  for  a  considerable  length.  By 
covering  the  interlacing  spirals  or  zigzags 
with  a  drop  of  molten  selenium,  pressed 
into  a  thin  sheet  between  two  leaves  of 
talc,  the  wires  are  connected  throughout 
this  length  by  a  surface  of  selenium. 

The  sensitiveness  of  the  selenium  ele- 
ment thus  prepared  is  admirably  shown 
by  an  apparatus  designed  by  Dr.  C.  W. 
Siemens,  which  he  has  kindly  lent  me 
for  this  evening.  In  it  the  selenium 
element  plays  the  part  of  the  retina  of 
the  eye;  in  front  of  it  is  a  lens  to  bring 
the  rays  of  light  to  a  focus  upon  it,  and 
beyond  this  a  pair  of  metal  eyelids  clos- 
ing by  a  spring,  which  preserves  the  se- 
lenium retina  from  the  fatigue  it  would 
experience  if  constantly  exposed  to 
light. 

Dr.  Werner  Siemens  compares  the 
light  from  two  sources  by  so  adjusting 
their  distance  from  the  selenium  disc 
that,  when  it  is  exposed  to  each  in  rapid 
succession,  the  deflection  of  the  galvan- 
ometer remains  unchanged. 

Selenium  thus  employed  is  said  to  be 
unaffected  by  the  obscure  heat  rays,  but 
to  be  affected  by  the  red  end  of  the 
spectrum  in  a  greater  degree  than  corres- 
ponds to  the  impression  produced  by 
that  part  of  the  spectrum  upon  the  hu- 
man eye.  This  defect  may  be  remedia- 
ble, as  Dr.  Siemens  suggests,  by  inter- 
posing a  sheet  of  glass  with  a  green 
tinge.  But  a  difficulty  which  must  be 
overcome  before  any  physical  effect  of 
light  is  accepted  as  a  substitute  for  its 
impression  upon  the  eye,  is  that  of 
proving  an  exact  correspondence  between 
the  physical  and  optical  effects. 

This  vacuous  globe  containing  the 
finely  poised  discs,  which  revolve  rapidly 
when  brought  near  a  lamp,  has  already 
become  familiar.  It  is  called  by  its  in- 
ventor, who  is  also  the  discoverer  of  the 
repulsive  force  exercised  by  radiant  heat 
and  light,  a  radiometer.  Mr.  Crooks  has 
ascertained  that  the  difference  between 
the  repulsive  effect  exerted  upon  the 
black  and  white  surfaces  of  the  discs, 
respectively,  as  measured  by  the  rate  of 
rotation,  varies  directly  with  the  amount 


of  light  or  radiant  force  falling  upon 
them.  Two  candles,  for  example,  at  any 
given  distance  produce  twice  the  rate  of 
rotation  which  is  due  to  one,  and  the 
effect  upon  the  instrument  of  a  given 
light  varies  inversely  as  the  square  of  its 
distance. 

But  in  this  case,  much  more  than  as 
affecting  the  electric  conductivity  of 
selenium,  radiant  light  needs  to  be  sepa- 
rated from  radiant  heat,  before  the  mo- 
tion due  to  its  repulsive  force  can  be 
employed  as  a  measure  of  illuminating 
power.  Through  the  kindness  of  Mr. 
Crookes,  I  am  able  to  show  you  the  in- 
strument which  he  has  devised  for  com- 
paring the  amounts  of  light,  separated 
from  the  rays  of  greater  and  less  re- 
frangibility,  issuing  from  two  or  more 
sources.  A  pith  beam,  suspended  hori- 
zontally in  a  vacuous  globe  by  a  single 
fibre  of  silk,  is  blackened  on  both  sides, 
for  half  its  length.  When  light  falls 
upon  one  side  of  this  beam,  the  black- 
ened half  recedes,  and  in  the  absence  of 
other  forces,  the  beam  would  set  itself 
with  its  white  end  pointing  towards  the 
light.  To  the  center  of  the  beam  are  at- 
tached, in  a  transverse  direction,  a  small 
magnet  and  mirror.  The  former  serves, 
when  a  magnet  is  placed  beneath  the 
apparatus,  to  make  the  beam  assume  a 
particular  position,  from  which  it  can  be 
displaced  more  or  less,  by  the  incidence 
of  a  stronger  or  weaker  light  on  one 
side,  but  to  which  it  returns  when  no 
longer  solicited  by  other  forces.  The 
latter  serves,  by  reflecting  a  pencil  of 
light  on  to  a  scale  some  distance  off,  to 
render  evident  a  small  displacement  of 
the  beam.  If  two  sources  of  light  are 
placed  on  each  side  of  the  beam,  such 
and  at  such  distanpes  that  no  displace- 
ment occurs,  the  amounts  of  radiant 
force  emanating  from  each  and  acting  on 
the  two  sides  of  the  beam  are  equal.  In 
order  that  the  forces  thus  compared  may 
be  due  to  radiant  light  only,  two  glass 
cells  with  parallel  sides  are  filled  with 
solutions  of  sulphate  of  quinine  and  of 
alum,  to  eut  off  the  invisible  rays  at  each 
end  of  the  spectrum. 

Errors  of  observation  in  judging  of 
the  relative  brightness  of  the  two  sides 
of  a  partially  translucent  disc  may  here- 
after be  got  rid  of  by .  the  adoption  of 
one  or  other  of  the  methods  which  I 
have  attempted  to   describe.     But  two 
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problems  remain,  a  satisfactory  solution 
of  each  of  which  is  more  necessary 
to  the  establishment  of  a  trustworthy 
system  of  photometry  than  the  substitu- 
tion for  the  disc  of  some  more  absolute 
criterion  of  illuminating  power. 

The  first  problem  is,  what  standard 
shall  be  used  for  the  measurement  of  ar- 
tificial light;  the  second,  what  burner 
shall  be  used  in  testing  the  illuminating 
power  of  coal  gas. 

The  present  unit,  as  defined  by  Act  of 
Parliament,  is  a  sperm  candle  of  six  to  the 
lb.,  burning  120  grains  an  hour.  This 
is  convenient  as  an  unit,  since  the  light 
given  by  different  lamps  and  gas-burners 
may  be  described,  without  the  use  of  high 
numbers  or  of  decimals,  as  a  light  of 
10,  or  15,  or  20  candles.  But  without 
further  definition  it  is  by  no  means  satis- 
factory as  a  standard,  since  the  light 
which  a  candle  gives  depends  not  only 
upon  the  material  of  which  it  is  made 
and  the  rate,  at  which  it  burns,  but  also 
upon  the  construction  of  the  wick.  Some 
differences  of  opinion  exists  among  those 
experienced  in  candle  photometry  as  to 
the  extent  of  fluctuation  to  which  the 
results  thus  obtained  are  liable.  Accord- 
ing to  my  own  experience,  sets  of  ob- 
servations made  one  after  the  other 
with  the  the  same  sample  of  gas,  and 
with  candles  from  the  same  packet,  often 
agree  very  closely,  and  seldom  differ  to 
the  extent  of  one  candle.  Occasionally, 
however,  without  any  apparent  cause, 
the  results  are  more  divergent;  and  I 
have  found  a  considerable  difference  in 
the  results  and  in  the  degree  of  uniformi- 
ty with  different  packets  of  candles  ob- 
tained from  different  dealers.  What  the 
burner  is  to  gas,  its  wick  is  to  a  candle ; 
and  just  as  the  definition  of  the  illumin- 
ating power  of  gas  has  been  unsettled  by 
improvements  in  the  burner  used  for 
testing,  so  it  may  also  be  altered  by  the 
application  of  similar  attention  and  skill, 
on  the  part  of  the  candle  maker,  to  the 
conditions  under  which  the  maximum  il- 
luminating power  can  be  developed  from 
the  combustion  of  120  grains  of  sperm 
per  hour. 

If  it  be  possible,  as  I  hope  to  show 
that  it  is,  to  furnish  a  more  constant 
standard  of  comparison  for  artificial 
lights  than  the  sperm  candle,  the  term 
candle  might  still  be  retained  as  the 
name  of  an  unit  otherwise  defined,   just 


as  "  foot "  has  come  to  be  the  name  of 
an  exact  measure. 

In  Paris  the  photometric  standard  is 
the  Carcel  lamp,  burning  colza  oil  at  a 
given  rate.  Some  years  ago  Mr.  Keates 
proposed  the  use  of  sperm  oil,  and  I  un- 
derstand that  such  a  lamp  has  recently 
been  constructed  on  an  improved  princi- 
ple by  him  and  Mr.  Sugg.  I  have  not 
personally  made  trial  of  any  of  these 
lamps,  but  probably  they  give  a  light 
more  constant  and  more  comparable  with 
that  of  a  gas  flame  than  is  the  light 
given  by  a  pair  of  candles.  At  the  same 
time,  the  very  fact  that  an  improved 
form  of  lamp  has  recently  been  con- 
structed— if,  as  I  believe,  the  improve- 
ment relates  not  only  to  the  constancy 
but  to  the  illuminating  power  of  the 
lamp — suggests  the  likelihood  that  one 
standard  lamp  might  differ  in  some 
degree  from  another,  and  that  further  im- 
provements might  gradually  creep  in. 
With  a  lamp,  as  with  a  candle,  the  wick 
is  a  most  important  element,  and  one 
which  it  is  exceedingly  hard  to  fix  or 
define. 

It  was  to  meet  the  uncertainty  as  to 
the  construction  of  the  wick — and  also 
that  as  to  the  composition  or  purity  of 
the  liquid  fuel — that  Mr.  Crookes  de- 
vised this  little  lamp  which  he  has  kindly 
lent  me.  Its  wick  consists  of  a  certain 
number  of  platinum  wires  of  a  certain 
size.  The  liquid  which  burns  is  a  mix- 
ture of  two  pure  substances,  alcohol  and 
benzol.  The  light  is  said  to  be  much 
more  constant  than  that  of  a  candle;  but 
the  flame  in  its  present  form  is  too  small 
to  be  conveniently  compared  with  that 
obtained  from  gas  burning  at  the  rate 
of  five  cubic  feet  an  hour. 

At  present,  I  think  it  must  be  ad- 
mitted that  the  problem  of  devising  a 
satisfactory  photometric  standard,  which 
can  easily  be  obtained  at  different  places, 
and  is  easily  applied,  and  is  such  that 
when  prepared  with  due  care  absolute 
confidence  may  be  placed  in  its  uniform- 
ity, has  still  to  be  solved. 

Upon  this  problem  I  have  been  work- 
ing at  intervals  during  the  last  two  or 
three  years  ;  and  though  I  am  still  occu- 
pied with  the  work  and  have  not  yet 
completed  it,  I  may  be  permitted  to  lay 
before  you  the  results  at  which  I  have 
arrived,  and  to  show  what  would  be  the 
operations  required  for  testing  the  illumi- 
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nating  power  of  coal  gas  under  the  sys- 
tem which  I  propose. 

In  place  of  candles  or  lamps  I  pro- 
pose to  use  a  standard  gas.  As  no 
single  gas  exists  which  is  suitable,  a 
mixture  of  gases  must  be  employed  ; 
and  that  which  I  believe  to  be  most 
suitable  is  a  mixture  of  hydrogen  with 
pentane  or  with  pentane  and  hexane. 
The  two  substances  last  named  consti- 
tute the  most  volatile  portion  of  Ameri- 
can petroleum.  Under  a  pressure  of 
one  atmosphere  pentane  is  a  liquid  at 
temperatures  below  30°  C,  and  hexane 
at  temperatures  below  68°  C.;  but  under 
under  a  pressure  of  one-tenth  of  an  at- 
mosphere, and  probably  under  somewhat 
greater  pressures,  both  these  substances 
are  gases.  To  reduce  the  pressure  upon 
them,  and  also  to  reduce  their  illuminat- 
ing power  to  that  of  ordinary  coal  gas, 
they  must  be  mixed  with  another  gas. 
I  have  tried  both  air  and  hydrogen  for 
this  purpose,  and  I  prefer  hydrogen  for 
the  following  reasons:  A  smaller  quan- 
tity of  petroleum,  in  about  the  propor- 
tion of  two  to  three,  is  needed  with  hydro- 
gen than  with  air  for  the  same  illumin- 
ating power,  and  thus  the  petroleum 
gas  is  under  a  less  pressure,  and  further 
from  its  point  of  condensation.  The  gas 
prepared  with  hydrogen  has  about  the 
same  specific  gravity  as  coal  gas,  and 
therefore,  presumably,  the  same  burner 
is  suitable  for  both,  whereas  the  gas  pre- 
pared with  air  is,  of  course,  heavier  than 
air.  In  preparing  the  standard  gas  with 
air,  a  meter  must  be  used  to  measure  its 
volume,  and  corrections  applied  for  the 
variations  of  barometer  and  thermome- 
ter; whereas  by  acting  on  an  excess  of 
zinc  with  a  known  weight  of  sulphuric 
acid,  a  quantity  of  hydrogen  is  obtained, 
which  is  accurately  known  without  the 
need  of  either  measurement  or  correc- 
tion. 

The  following,  according  to  Cahours, 
are  the  constituents  of  petroleum  boiling 
below  100°  C: 

Pentane,  sp.  gr.  at  17°  C,  0.628,  boiling  point, 

30°. 
Hexane,  sp.  gr.  at  16°  C,  0.699,  boiling  point, 

68°. 
Heptane,    sp.    gr.    at  16°    C,   0.6995,   boiling 

point,  92°  to  40°.      : 

Starting  with  the  lightest  pretroleum 
which  is  obtainable  commercially,  I  have 
rectified  it  with  the  following  results. 


The  composition  of  the  samples  is  calcu- 
lated on  the  supposition,  which  is  prob- 
ably nearly  correct,  that  by  rectification 
below  65°  heptane  may  be  excluded. 

Petroleum  rectified 

below  45°  sp.  gr.  at  15°,  0.635 

45°— 55°  sp.  gr.  at  15°,  0.647 

55°— 65°  sp.  gr.  at  15°,  0.664 

below  65°  sp.  gr.  at  15°,  0.646 

Composition  of  samples  :  Below 

Below  45°      45°-55°  55°-65°  65° 

Pentane  ..  82.9           53.7            12.2  56.1 

Hexane...  17.1            46.3            87.8  43.9 

The  proportion  of  hydrogen  which 
must  be  added  to  the  hydrocarbons  to 
produce  gas  of  constant  illuminating 
power  will  vary  slightly  according  to 
the  composition  or  specific  gravity  of 
the  sample  of  petroleum  employed.  It 
is  on  this  point  chiefly — a  point  of  capi- 
tal importance — that  I  need  still  to  make 
further  experiments.  I  have  worked  chief- 
ly with  the  sample  whose  specific  grav- 
ity is  0.646. 

To  prepare  standard  gas  I  employ  the 
following  apparatus  :  A  flask  of  from 
three  to  four  litres  capacity,  into  the 
mouth  of  which  a  thistle-funnel  and  el- 
bow-tube pass  through  a  plug  of  india 
rubber;  a  wash-bottle  of  about  a  litre 
capacity  ;  a  gas-holder  capable  of  con- 
taining seven  or  eight  cubic  feet ;  one  or 
more  graduated  vessels  for  measuring 
out  the  required  quantity  of  dilute  sul- 
phuric acid  ;  a  Winchester  quart,  fitted 
with  pinchcock  and  inlet  tube  for  air,  to 
hold  the  measured  quantity  of  acid  and 
deliver  it  by  degrees  into  the  generating 
flask;  a  pipette  of  seventy  or  one  hun- 
dred cubic  centimeters  capacity,  to 
measure  the  required  dose  of  petroleum, 
and  deliver  it  into  the  wash-bottle. 

The  operation  of  preparing  standard 
gas  is  as  follows:  The  flask  is  filled  one- 
third  with  granulated  zinc,  and  con- 
nected with  the  wash-bottle,  two-thirds 
of  which  is  filled  with  water.  About 
one  hundred  cubic  centimeters  of  dilute 
acid  is  first  poured  upon  the  zinc,  which 
generates  sufficient  hydrogen  to  sweep 
out  air  from  the  flask.  When  the  evolu- 
tion of  hydrogen  has  ceased,  which  re- 
quires about  half  an  hour,  the  wash-bot- 
tle is  opened  and  the  pipetteful  of  petro- 
leum discharged  into  it,  after  which  the 
wash-bottle  is  at  once  closed  and  con- 
nected with  the  gasholder.  The  Win- 
chester quart,  holding  the  measured  vol- 
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ume  of  dilute  acid,  is  supported  in  an 
inverted  position,  and  its  pinchcock  is  so 
adjusted  that  the  acid  may  flow  in  a 
rapid  succession  of  drops  into  the  gen- 
erating flask.  Hydrogen  passes  in  a 
rapid  stream  through  the  water  in  the 
wash-bottle  and  through  the  layer  of 
petroleum  which  floats  upon  the  surface 
of  the  water,  and  the  mixed  gases  pass 
on  into  the  holder.  From  this  point  the 
operation  needs  no  further  attention. 
When  all  the  acid  has  run  in,  the  evolu- 
tion of  hydrogen  gradually  diminishes, 
and  almost  ceases  by  the  time  that  the 
liquid,  heated  by  the  action,  has  become 
cold.  The  gasholder  then  contains  the 
whole  of  the  petroleum  which  was 
taken,  and  a  quantity  of  hydrogen  which 
is  also  exactly  known,  since  the  sulphuric 
acid  has  saturated  itself  with  zinc,  and 
consequently  has  yielded  one-forty-ninth 
its  weight  of  hydrogen. 

The  water  in  the  wash-bottle  serves 
to  prevent  any  acid  spray  passing  to  the 
holder,  to  provide  a  level  floor  for  the 
evaporation  of  the  petroleum,  and  to 
furnish  the  heat  which  the  petroleum 
needs  to  pass  from  the  liquid  to  the  gas- 
eous state.  The  absorption  of  heat,  as 
the  petroleum  volatilizes,  reduces  the  tem- 
perature of  the  contents  of  the  wash-bot- 
tle considerably  below  that  of  the  sur- 
rounding air.  Consequently  the  stand- 
ard gas  is  formed  at  a  temperature  be- 
low that  to  which  it  is  afterwards  sub- 
jected. In  spite  of  this  reduction  of 
temperature,  the  whole  of  the  petroleum 
has  generally  disappeared  when  two- 
thirds  of  the  hydrogen  has  passed  over. 
Consequently  the  standard  gas  is  formed 
under  a  pressure  exceeding  by  at  least 
one-fourth  that  to  which  it  is  afterwards 
subjected.  It  is  therefore  a  permanent 
gas  under  any  conditions  to  which  it  is 
likely  to  be  exposed. 

I  have  here  two  similar  tubes,  stand- 
ing vertically  in  a  vessel  of  water,  which 
have  been  filled  to  the  same  level,  one 
with  air,  the  other  with  standard  gas. 
When  ice  is  placed  around  them,  so 
that  their  temperature  falls  to  0°,  the 
contraction  is  the  same  in  both  cases, 
showing  that  the  standard  gas  behaves 
like  a  permanent  gas,  and  that  no  liquid 
petroleum  is  condensed  out  of  it. 

The  dilute  sulphuric  acid  which  I  have 
employed  has  the  specific  gravity  1.217, 
and   contains  0.352  grains  of  pure  sul- 


phuric acid  in  one  cubic  centimeter.  It 
may  be  made,  approximately,  by  mixing 
26.5  volumes  of  oil  of  vitrol  with  one 
hundred  volumes  of  water.  The  strength 
of  the  dilute  acid  is  unimportant,  pro- 
vided it  be  exactly  known,  and  provided 
that  it  is  not  such  that  sulphate  of  zinc 
crystallizes  out  and  hinders  the  action 
of  the  acid. 

It  will  be  seen  that  the  adjustment  of 
the  illuminating  power  of  the  gas  is 
thus  practically  brought,  with  an  acid 
of  known  strength  and  a  particular  sam- 
ple of  petroleum,  to  a  question  of  right- 
ly proportioning  the  volume  of  acid  to 
the  volume  of  petroleum.  The  follow- 
ing are  some  of  the  results  I  have  ob- 
tained with  acid  of  the  above-mentioned 
strength  and  petroleum  distilled  below 
65°  and  having  the  specific  gravity 
0.646.  The  numbers  given  under  the 
head  of  illuminating  power  are  in  most 
cases  the  mean  of  four  or  five  different 
sets  of  observations  made  with  different 
samples  of  standard  gas  prepared  ac- 
cording to  the  same  recipe. 
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Hence  it  appears  that  a  mixture  of 
one  part  by  weight  of  hydrogen  and  3.91 
parts  by  weight  of  light  petroleum,  form 
a  gas  of  sixteen  candles'  illuminating 
power.  I  propose  the  use  of  this  gas  as 
a  photometric  standard.  It  consists  of 
90.9  volumes  of  hydrogen  and  9.1  vol- 
umes of  gaseous  petroleum.  It  contains 
in  one  litre  0.265  grain  of  carbon.  It  is 
easily  prepared  of  constant  composition, 
and  in  any  desired  quantity. 

I  have  still  to  determine  what  modifi- 
cation needs  to  be  made  in  the  propor- 
tion of  hydrogen,  that  is,  of  dilute  acid 
employed,  with  samples  of  petroleum  of 
different  specific  gravities.     Probably  it 
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will  be  possible  to  connect  by  a  simple 
formula  the  specific  gravity  of  any  sam- 
ple of  light  petroleum  with  the  propor- 
tion of  sulphuric  acid  which  must  be 
used  with  that  sample,  in  order  to  fur- 
nish sixteen-candle  standard  gas. 

It  remains  for  me  to  describe  briefly 
the  form  of  photometer  which  Mr.  F. 
W.  Hartley  has  arranged  for  me,  in 
which  to  compare  the  sample  of  gas  to 
be  tested  with  the  standard  gas.  It 
corresponds  to  the  ordinary  open  pho- 
tometer, with  a  sixty-inch  bar,  except  in 
the  following  particulars  : 

Both  ends  are  furnished  with  similar 
"London"  argand  burners,  with  the 
usual  appliances  for  measuring  and  reg- 
ulating the  current  of  gas,  all  in  dupli- 
cate. By  a  suitable  arrangement  of 
cocks  either  sample  of  gas  may  be  sent 
into  either  meter,  and  thus  to  either 
burner.  The  center  line  of  the  bar  is 
numbered  sixteen,  and  two  scales  hav- 
ing this  line  in  common  are  drawn  out, 
one  beneath  the  other,  so  that  the  posi- 
tion of  the  pointer  which  travels  with 
the  disc  can  be  read  upon  each. 

One  scale  is  to  be  used  when  the  stand- 
ard gas  is  burning  on  the  right,   and  in- 


dicates the  value  in  candles  of  the  gas 
compared  with  it  ;  the  second  scale  is 
the  reversed  image  of  the  first  (corres- 
ponding to  it  as  the  image  of  an  object 
in  a  mirror  does  to  the  object),  and  is 
to  be  used  when  the  standard  gas  is 
burning  on  the  left.  When  a  reading 
has  been  made  on  one  scale,  the  samples 
of  gas  are  to  be  reversed  and  a  second 
reading  made  on  the  other  scale.  The 
geometric  mean  of  these  two  readings  is 
the  true  illuminating  power  of  the  sam- 
ple of  gas  tested,  depending  for  its  ac- 
curacy upon  the  quality  of  the  standard 
gas,  but  independent  of  variations  of 
temperature  and  pressure,  and  of  all  in- 
equalities in  burners,  meters,  or  disc. 

Comparing  thus  directly  one  gas  with 
another  it  is  likely  that  the  nature  of  the 
burners  employed  will  make  little,  if 
any  difference,  at  least  where  the  gas 
tested  has  nearly  the  same  illuminating 
power  as  the  standard  gas.  If  so,  an  in- 
direct but  important  advantage  that 
would  accrue  from  the  adoption  of  this 
method  is,  that  a  question  which  has 
been  hotly  debated,  as  to  what  kind  of 
burners  ought  to  be  employed  in  testing 
the  illuminating  power  of  gas,  would  dis- 
appear altogether. 


STUCCO. 


From  "  The  Builder." 


We  have  it  on  very  good  authority 
that  the  British  public  in  one  of  its  peri- 
odical fits  of  morality  is  a  ridiculous 
spectacle.  That  small  portion  of  it 
which  sacrifices  at  the  shrine  of  Culture, 
as  the  priest  of  that  goddess  have  de- 
picted her, — that  small  portion  which 
settles  the  fashion  in  things  artistic, — 
betrays  perhaps  the  biggest  indignation 
in  its  chronic  stand  against  the  untruth- 
fulness of  much  that  contributes  to 
mnndane  happiness,  and  springs  from 
mundane  success.  The  man  who  white- 
washed the  painted  walls  of  too  many  a 
church  and  cathedral  while  the  plague 
was  playing  high  jinks  in  the  metropolis, 
has  probably  had  an  opportunity  of  ex- 
plaining to  his  companions  in  Hades  how 
he  did  it  with  the  best  intentions,  and 


the  reports  of  the  most  recent  convoi  of 
churchwardens  have  probably  confirmed 
him  in  the  ignorant  assumption  that 
what  he  attempted  for  sanitary  reasons 
has  been  since  successfully  accomplished 
for  artistic  ones.  But,  happily,  that 
man,  as  far  as  British  humanity  goes,  is 
as  extinct  as  the  dodo,  and  as  little  like- 
ly to  reappear  by  any  sort  of  reversion 
as  that  remote  ancestor  from  whom  he 
and  his  posterity  are  said  to  be  descend- 
ed. The  small  portion  of  the  communi- 
ty to  whom  the  country  is  indebted  for 
a  just  appreciation  of  aesthetic  sensation 
not  only  stands  in  his  way,  but  guards 
every  approach  to  the  maze  of  modern 
architecture — to  the  center  of  which  no 
key  but  Truth  is  now  enabled  to  pene- 
trate.    For  of  what  value  is  an  aesthetic 
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sensation  if  it  be  not  thoroughly  genu- 
ine ?  A  Pilate  might  ask  jestingly — 
What  is  Truth  ?  and  be  careless  of  the 
answer ;  but  more  modern  judges  live 
in  such  an  atmosphere  of  artificiality 
that  they  are  bound,  not  only  to  put  the 
question  with  the  strictest  sobriety,  but 
also  to  answer  it  themselves  according 
to  the  sternest  definition.  It  is  quite 
useless  to  urge  upon  them  the  dictum  of 
a  great  French  exponent  of  imitation  in 
the  fine  arts — quite  superfluous  to  urge 
with  him  that,  in  every  art  there  must 
be  some  fiction  with  respect  to  truth  and 
something  incomplete  with  respect  to  re- 
semblance. They  take  the  letter  of  the 
law,  which  they  translate  in  accordance 
with  the  terms  of  a  particular  vocabu- 
lary— all  other  translators  and  vocabu- 
laries being  hopelessly  at  fault.  Al- 
though for  long  years  the  world  has 
been  led  to  believe  that  the  art  of  con- 
cealing art  was  approved  by  gods  and 
men,  the  cultivated  Mrs.  Grundy  (the 
goddess  Ydgrun  of  Erewhon)  objects  to 
any  sort  of  concealment  whatsoever. 
She  has  not  only  fished  up  from  the  bot- 
tom of  a  well,  Truth,  that  had  modestly 
sought  refuge  there,  but  persists  in  ex- 
posing the  unsophisticated  fugitive  to 
the  public  gaze ;  and  were  the  latter 
ungenerous  enough  to  retaliate,  there 
would  soon  be  an  end  of  the  "  vain  opin- 
ions, flattering  hopes,  false  valuations, 
imaginations  as  one  would,  and  the  like," 
without  which,  as  Bacon  said,  the  minds 
of  men  would  be  "  poor  shrunken  things ;" 
and  an  end  too  of  all  further  possibility 
of  making  up  that  "  bundle  of  inconsist- 
encies and  contradictions "  which,  ac- 
cording to  Swift,  help  to  compose  the 
life  of  man  from  youth  to  old  age.  Mrs. 
Grundy,  with  Truth  in  leading:strings, 
would  make  the  Lares  and  Penates  of 
modern  communities  almost  Japanese  in 
unadorned  starkness;  and  in  denouncing 
the  works  of  the  Evil  One  she  has  in- 
cluded stucco  amongst  them.  She  has 
not  only  prayed  to  be  kept  honest,  but, 
moreover,  to  be  surrounded  during  her 
lifetime  with  honest  brickwork,  and  her 
prayer  has  been  heard.  The  bricklayer, 
the  carpenter,  the  joiner,  in  churches, 
schools,  and  nouses,  have  since  bared 
their  bosoms  to  the  multitude.  The 
sculptor  has  discarded  finish  or  refinement 
in  order  to  show  mankind  that  he  has 
been  working  with  a  tool ;  the  painter 
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has  so  dispersed  his  groups  as  to  allow 
spectators  the  gratification  of  seeing  be- 
tween them  the  kind  of  material  upon 
which  they  are  depicted.  Oak  has  been 
gilded  on  condition  that  the  grain  of  the 
wood  could  work  itself  through  ;  or  it 
has  been  painted  whenever  the  ingredi- 
ent which  renders  paint  durable  and  effi- 
cacious could  be  omitted.  The  pursuit 
of  purity  has  extended  to  the  head  of  a 
nail,  the  cut  of  a  screw,  the  adornment 
of  a  nut.  The  rivets  of  an  iron  plate 
were  never  so  hidden  or  so  loftily  placed 
but  the  architectural  purist  has  dis- 
played for  them  his  loving  care  ;  and  at 
the  close,  when  new  stone,  new  brick, 
and  new  wood  appeared  unblushing  and 
innocent,  the  happy  architect  has  turned 
round  to  receive  the  applause  of  Mrs. 
Grundy  and  her  troop  of  followers;  and, 
like  "Truthful  James"  of  Bret  Harte's 
poetical  fancy,  he  has  been  enabled  to 
say,  but  in  the  most  ordinary  prose, 
"  Ladies  and  gentlemen,  there  is  no  de- 
ception." 

Then  it  was  discovered  why  architec- 
ture had  been  an  admitted  failure  since 
the  revival  of  classical  learning  reformed 
the  world.  It  lacked  Truth  !  Modern 
marble  and  stone  were  not  marble  and 
stone,  but  stucco  !  Then  it  was  resolved 
that  the  principles  of  architecture  must 
no  longer  be  violated  with  impunity  ; 
and,  as  stucco  had  audaciously  laughed 
them  to  scorn,  it  was  necessary  for  the 
English  artist  to  teach  his  less  happily 
inspired  countrymen  the  importance  of 
artistic  purity  and  truth.  Stucco,  there- 
fore, acknowledged  the  power  of  the 
greatest  number  and  retired  into  obscuri- 
ty,— only  issuing  from  it  at  intervals  to 
improve  a  fallen  neighborhood  or  reno- 
vate an  economical  palace. 

We  are  not  going  to  break  a  lance  on 
behalf  of  stucco  and  its  wrongs  ;  nor 
could  we,  even  if  so  disposed,  hold  a 
brief  for  chunam,  scagliola,  gypsum,  or 
any  kind  of  cement ;  but  the  temper  of 
Mrs.  Grundy  is  so  far  moderated  now  as 
to  permit  a  reasonable  remonstrance 
against  the  prolonged  ostracism  of  a  ma- 
terial which  gives  to  the  rough  nature 
of  bricks  something  of  that  softness 
which  manner  gives  to  the  rough  nature 
of  man.  Addison,  who,  though  an  in- 
competent critic  of  the  former,  was  a 
good  judge  of  the  latter,  said:  "The 
very  design   of    dress,   good   breeding, 
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outward  ornaments  and  ceremony  were 
to  lift  up  human  nature  and  set  it  off  to 
an  advantage."  If  the  "noble  savage" 
scorned  a  lie,  he  also  objected  to  many 
of  those  modern  observances  the  disre- 
gard of  which  banishes  some  men  from 
society  and  involves  others  in  a  tempo- 
rary loss  of  liberty.  Swift  was  proba- 
ly  only  half -laughing  at  the  world  when 
he  told  it  that  "  Good  manners  is  the  art 
of  making  those  people  easy  with  whom 
we  converse,"  and  surely  to  do  that  re- 
quires the  effort  sometimes  of  no  small 
an  amount  of  tact,  if  not  of  deception. 
The  reproach  of  the  Frenchwoman  to  an 
indignant  lover,  that  people  thought  the 
things  he  said,  but  never  said  them,  is 
perfectly  consistent  even  with  the  high- 
est morality.  Although  speech  may  not 
have  been  given  to  man  to  conceal  his 
thoughts,  it  is  certain  that  with  speech 
he  conceals  them  ;  and  so  admirable 
sometimes  is  modern  training,  that  even, 
an  ingenuous  countenance  can  be  feigned ; 
whereas,  as  Queen  Isabella  of  Spain,  in 
Bacon's  time,  used  to  say,  "  Whosoever 
hath  a  good  presence  and  a  good  fashion 
carries  continual  letters  of  recommenda- 
tion." Surely  this  good  presence  and 
this  good  fashion  are  but  a  covering  to 
that  material  of  which  all  men  are  com- 
posed,— a  stucco,  which,  like  that  on 
"  honest "  brickwork,  makes  it  smooth  to 
the  eye  and  soft  to  the  touch.  It  is  a 
covering  also  which  admits  of  all  sorts 
of  adornment,  both  in  the  one  and  in  the 
other;  for  what  wit  can  effect  for  human, 
color  can  effect  for  material,  polish.  You 
are  no  more  justified  in  banishing  stucco 
from  your  walls,  because  on  some  of 
them  it  has  been  falsely  applied,  than  to 
condemn  suavity  of  manner  because  it 
has  often  favored  the  artifices  of  a 
knave. 

It  is  very  much  to  be  doubted  whether 
the  ancients,  having  built  a  rough  stone 
wall,  ever  refrained  from  improving  its 
appearance  by  covering  it  with  a  coat  of 
stucco  lest  the  critics  should  accuse  them 
of  lying.  On  the  contrary,  they  often 
made  with  rough  stone  and  brick,  cover- 
ed with  a  coat  of  some  kind  of  plaster, 
beautiful  works  of  art;  and  such,  accord- 
ing to  Quatremere  de  Quincy,"have 
rather  given  birth  to  theories  than 
theories  to  beautiful  works."  The  Greek 
plaster,  however,  must  have  been  a  very 
superior   description    of    covering;    for 


from  the  walls  of  Grecian  houses,  accord- 
ing to  Vitruvius,  the  decorated  covering 
was  often  detached  and  carried  by  rich 
Romans  to  Italy  to  be  incrusted  in  the 
walls  of  their  town  and  country  mansions. 
It  is  well  known  that  at  Herculaneum 
were  discovered  squares  of  plaster 
adorned  with  paintings,  which  had 
evidently  been  detached  from  some  other 
place,  and  which  the  workmen  had  not 
had  time  to  incrust  in  the  walls  of  the 
house  where  they  were  found.  The 
ruins  of  antique  edifices  in  Rome,  such 
as  the  Baths  of  Caracalla,  of  Titus,  and 
of  Diocletian,  have  shown  a  thickness  of 
stucco  of  from  four  to  five  inches.  Mr. 
Newton,  in  the  course  of  his  explorations 
at  Halicarnassus,  discovered  some  fine 
specimens  of  stucco  made  of  lime  and 
pounded  marble  with  ornaments  painted 
on  them;  and  at  Rhodes. he  found  simi- 
lar fragments,  which  still  retained  their 
painted  ornaments  after  long  exposure 
to  weather  and  rough  treatment. 
Indeed,  it  is  quite  superfluous  to  attempt 
proving  that  the  use  of  stucco  is  as  old 
as  architecture.  Sometimes  sundried 
bricks  in  early  Egyptian  monuments 
were  coated  and  painted  just  as  the  walls 
of  coarse  tufa  or  travertine  in  the  beauti- 
ful city  of  Rhodes  were  coated  and 
painted,  and  as  our  modern  walls  are 
treated,  though  these  with  less  valuable 
material  and  a  less  artistic  mode  of 
decoration.  Colored  marbles  were  imi- 
tated in  stucco  by  the  ancients;  and,  in 
the  Middle  Ages,  red  lines  were  traced 
upon  it  to  imitate,  in  perhaps  a  con- 
ventional fashion,  the  jointing  of  a  stone 
wall.  A  stucco  covering  of  some  sort 
was  spread  over  both  the  inside  and 
outside  of  many  ordinary  stone  buildings 
erected  by  the  Greeks.  On  the  outside 
it  was  comparatively  thin,  and  frequent- 
ly, if  not  always,  colored.  On  the  ruins 
of  a  temple  at  Agrigentum  there  are  now 
standing  columns  composed  of  several 
drums  of  rough  stone  covered  with  a 
thin  white  stucco  of  uniform  thickness, 
hard,  and  beautifully  smooth.  Similar 
ruins,  similarly  stuccoed,  are  to  be  seen 
at  Paestum.  In  the  Temple  of  Yesta  at 
Tivoli,  although  the  flutes  of  the  column 
are  made  in  the  stone  itself,  their  finish- 
ed form  is  obtained  by  the  stucco  which 
covers  it.  Some  Mediaeval  churches  in 
England  were  stuccoed  on  the  outside, 
and  parts  of  the  original  coat  have  been 
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found  clinging  to  them.  Many  Italian 
masterpieces,  with  which  the  names  of 
celebrated  architects  are  associated,  bear 
on  their  faces,  pilasters  and  similar  orna- 
mental accessories,  as  defenceless  in  prin- 
ciple as  those  on  the  housefronts  of 
Bloomsbuiy  or  Belgravia;  and  Mr. 
Ruskin  is  too  honest  to  evade  the  fact 
that  some  of  the  "marble  palaces  "of 
Venice  are  faced  with  stucco;  but  he 
says  it  is  "confessed  and  understood, 
and  laid  on  the  bricks  precisely  as  gesso 
is  laid  on  canvas  in  order  to  form  them 
into  a  ground  for  receiving  color  from 
the  human  hand, — color  which,  if  well 
laid  on,  might  render  the  brick  wall 
more  precious  than  if  it  had  been  built 
of  emeralds."  The  palace  at  Madura, 
the  ancient  capital  of  Southern  India,  is 
built  of  stone  and  brick,  plastered,  to 
which  fact,  according  to  Mr.  Chisholm, 
is  due  its  present  existence.  Cairo, 
which  has  been  the  theme  of  so  many 
rhapsodies  about  Oriental  gorgeousness 
and  beauty,  is,  as  a  whole,  principally 
plaster  and  paint  ;  and  the  palaces  of 
Chowringhee,  which  astonished  Mac- 
aulay  as  much  as  our  "  magnificent 
Regent  Street "  delighted  him,  are  stuc- 
coed from  basement  to  roof. 

The  story,  known  to  all,  and  frequent- 
ly quoted  by  the  more  youthful,  of  that 
singularly  acute  member  of  our  craft 
who,  after  having  cut  his  own  name  on  a 
stone  wall,  stamped  that  of  the  king,  his 
master,  upon  the  stucco  which  covered 
it,  is  eminently  suggestive  to  moderns, 
who  are  often  invidiously  compared  with 
their  brethren  of  the  past.  The  giants 
of  those  days  seem  all  the  greater  now 
that  every  trace  of  their  contemporary 
pigmies  has  disappeared.  The  dignity 
of  history  prevented  us  knowing,  until 
the  days  of  the  most  delightful  of  his- 
torians, many  petty  details  about  the 
mass  of  our  countrymen,  such  as,  in  his 
own  words,  "how  the  parlors  and  bed- 
chambers of  our  ancestors  looked."  It 
has,  therefore,  been  the  fashion  to  con- 
sider that  since  the  "  monuments "  of 
antiquity  and  of  the  Middle  Ages  have 
resisted  so  long  the  ravages  of  time,  the 
workmanship  of  the  ancients  and  of  our 
ancestors  reached  a  degree  of  excellence 
which  cannot  now  be  approached.  That 
it  was  superior  no  one  is  audacious 
enough  to  deny,  but  neither  can  it  be 
disputed  that  all  their  bad  work  has  dis- 


appeared.     Philse    the    Beautiful,    the 
Athenian  Acropolis,   the   Coliseum,  the 
ruins  of   many  a   French   and    English 
castle,  were  surrounded  in  the  time  of 
their  strength  by  a  more  or  less  teeming 
population  contented  with  shelter  of  a 
comparatively  perishable  nature,  which 
demanded     constant    attention    at    the 
hands     of     the    inhabitants.       Neither 
Phidias  nor  Praxiteles  sought  on  the  hill 
of  Pentelicus  the  materials  of  their  own 
abodes.    The  Athenian  citizen  was  noted 
for  the  modesty  of  his  dwelling-house  ; 
and  far  from  building  a  home  for  posteri- 
ty, or,  as  the  French  workman  says,  for 
eternity,  he  built  a  rough  wall,  which  he 
left  those  who  succeeded  him  to  renovate 
with  a  new  coat  of  stucco,  or  revivify 
with  another  and    perhaps   a   different 
story.     The  modern  weakness  has  long 
consisted  of  an  attempt  to  imitate  earlier 
public  buildings  in  our  domestic  dwell- 
ings, with  the   sole  result  of  bringing 
down  our  public  monuments  to  a  level 
with  private  buildings.      The  riches  of 
the  earth,  say,  have  contributed  to  ren- 
der the  walls  of  a  town-hall  or  a  church 
brilliant  with  all  the  colors  of  the  rain- 
bow; therefore,  unless  you  can  command 
the  former  you  must  not  hope  to  enjoy 
the  latter  !     You  must  not  hide  the  ma- 
terials which  compose  your  wall,  accord- 
ing to  the  purists  ;  you  mnst  not  cover 
rough  stone  or  coarse  brick  with  plaster, 
for   thereby  you   produce   an   effect  of 
homogeneity  the  possibility  of  which  is 
precluded  by  the  numberless  horizontal 
and  vertical  joints  of  a  brick  or  stone 
wall.     If  you  want  color  you  can  get  it 
out  of   the  bricks  themselves,  and  you 
may  paint  upon  their  surface.     Even  if 
the  wall  be  of  concrete,  purists  have  ob- 
jected to  a   coat  of  cement  without,  or 
a  coat  of  gypsum  within.      They  have 
always    had    at    their    command    such 
missiles    as    "sham    effects,"    "veneer- 
ing," "imitation  ornament,"  to  fling  at 
those  who  attempt  to  reason  with  them. 
Mr.  Pullan,  a  short  time  ago,  very  natu- 
rally thought  that  to  decline  to  hide  the 
face  of   honest  but  ugly  red  brickwork 
with  a  coat  of    plaster  is  puerile.     "  I 
must  confess,"  said  he,  "  that  I  think  it 
perfectly  justifiable  to  use  either  veneer 
of  marble,  variegated  scagliola,  or  color- 
ed stucco,  for  the  purpose  of  obtaining 
color  in  cases  where  funds  do  not  allow 
of  the  purchase  of   blocks  of  marble," 
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and  lie  added  a  hope  that  before  long 
many  of  the  dismal-looking  churches 
erected  in  London  during  the  last  two 
centuries  might  be  enlivened  with  poly- 
chrome. Mr.  Penrose  appears  to  enter- 
tain a  similar  opinion,  for  on  the  same 
occasion  he  was  glad  to  hear  that  the 
colored  bricks  often  used  in  the  interiors 
of  churches  are  simply  "ground"  for 
future  painted  decoration  !  "  In  them- 
selves," he  added,  "they  appear  crude, 
unfinished,  and  distracting,  though  some 
times  used  with  great  cleverness."  But 
he  denied  that  in  all  cases  such  a  deco- 
rated coloring  was  intended,  because, 
said  he:  "I  have  seen  several  restored 
churches  in  which  I  have  grieved  over 
walls  left  so  rough  after  the  removal  of 
the  plaster  as  not  even  to  be  suitable  for 
garden  fruit  walls."  Mr.  Pullan's  calm 
assertion  shared,  with  the  rash  impulsive- 
ness of  Mr.  Penrose,  an  equal  fate.  No 
less  a  person  than  the  then  President  of 
the  Institute  of  Architects  fell  foul  of 
both.  "  It  may  be,"  he  indignantly  ex- 
claimed, "  that  those  who  have  so  nobly 
lifted  up  their  voices  against  this  gan- 
grene of  modern  architecture  have  fallen 
into  the  opposite  error  of  purism;  but 
surely  in  these  days  when  every  kind  of 
counterfeit  adulteration  and  practical 
falsehood  pervades  every  branch  of  busi- 
ness, of  art,  and  of  manufacture, 

it  is  not  the  time  to  jeer  at  those  who 
may  possibly  overstrain  their  protests 
against  the  practical  vices  of  the  age." 
No  one  will  dispute  the  justice  of  Sir 
Gilbert  Scott's  remarks  or  dare  to  doubt, 
—even  without  the  fear  of  Mr.  Ruskin 
before  his  eyes, — the  possible  creation  of 
Utopia.  The  ancient  philosophy  pre- 
tended to  make  all  men  virtuous  ;  and 
virtue  as  the  highest  good  is  preached  to 
all,  properly  enough,  at  the  present 
hour.  Mr.  Disraeli,  in  one  of  his  novels, 
has  described  a  young  gentleman  who 
set  himself  the  task,  on  entering  Parlia- 
ment, to  abolish  poverty, — success,  in 
which,  one  would  think,  might  have 
helped  to  make  truth  universal.  But,  on 
the  other  hand,  riches  are  known  to  be 
the  impedimenta  of  virtue;  and  there  is 
hardly  a  comedy  of  recent  times  which 
does  not  enlarge  upon  some  text  taken 
from  the  Great  Book  of  Snobs.  The 
purists  have  dozens  of  apt  quotations 
at  their  command.  Take  only  the  indig- 
nant shopkeeper  in  the  "Maison  Neuve," 


where  he  upbraids  his  ambitious  nephew 
and  laughs  at  salons  which  lie  from  the 
mouldings  of  their  doors  to  the  ashes  of 
their  hearths  ;  which  are  stucco  looking 
like  marble,  pasteboard  looking  like 
sculpture,  pear-tree  looking  like  ebony. 
And  then  he  points  the  moral, — "  Rub 
and  it  comes  off,  strike  and  it  chips  ! 
Hired  lackeys,  that  you  call  imes  gens,' 

friends  that  you  do  not  know  ! 

Familiars  chosen,  like  your  furniture, 
above  your  means,  and,  like  it,  second- 
hand !  Everywhere,  morally,  physical- 
ly, varnish,  veneer,  pasteboarding,  and 
imitation-bronze."  Surely,  Mr.  Penrose 
and  Mr.  Pullan,  you  must  have  forgotten 
that  this  was  the  stucco  of  an  Empire 
which  began  with  a  coup  &  etat  and  end- 
ed wTith  Sedan  !  Ought  you  not  to 
thank  our  purists  for  pointing  out  faults 
which  might  drag  this  home  of  consti- 
tutional liberty  and  Portland  cement 
through  the  confusion  of  a  similar  fate? 
Nevertheless,  all  the  arguments  and 
remonstrances  against  the  use  of  stucco 
will  not  alter  the  fact  that  in  this  coun- 
try we  have  comparatively  little  stone 
and  less  marble  ;  and  that  even  if  we 
had  a  great  deal  of  the  latter,  the  cli- 
mate is  not  favorable  to  its  employment 
either  on  the  outside  or  the  inside  of  our 
houses.  We  have  magnificent  granites, 
and  know  how  to  polish  them  better 
than  any  other  people  in  the  world,  but 
they  are  far  too  expensive  to  be  used  as 
mere  wall  lining;  and  the  most  we  can 
hope  to  do  is  to  make  our  columns  and 
other  important  points  of  support  of 
such  materials.  But  in  the  modern  rage 
for  honesty  it  often  occurs  that  a  bright- 
ly polished  granite  shaft  is  placed  in 
close  proximity  to  a  rough  brick  or  a 
rough  stone  wall.  The  hesitation  to  hide 
this  roughness  with  a  smooth  coat  of 
plaster  arises  probably  from  a  logical 
disinclination  to  mix  up  a  thing  so  truth- 
ful as  polished  granite  with  a  thing  so 
false  as  stucco.  Again,  having  very 
little  stone,  we  found  out  how  nature 
went  to  work  to  make  it,  and  have  suc- 
ceeded in  making  a  similar  substance  ; 
but,  with  this  difference,  that  the  one  is 
nature-made  and  the  other  art-made,  and 
that  while  we  are  obliged  to  cut  the 
former  we  must  cast  the  latter  in  a 
mould.  Suppose  then  that  we  go  to 
work  with  nature's  ingredients  to  make 
a   stone  wall — stir  place ;   and  that  we 
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have  built  the  heart  of  the  wall  in  Port- 
land cement  concrete,  can  there  be  any 
objection  to  putting  a  covering  upon  it 
similar  to  the  crust  which  is  formed  upon 
natural  stone  ?  Portland  cement  is  one 
of  the  great  facts  of  the  day,  and  it  is 
ashlar  formed  by  hand  upon  the  wall  it- 
self insjbead  of  being  cut  by  hand  in  a 
workshop  and  inserted  in  the  wall — with 
the  exception,  of  course,  that  Portland 
cement  ashlar  is  often  one-half  inch 
thick,  and  Portland  stone  ashlar  often 
three  inches  thick.  Strangely  enough, 
although  objection  is  made  to  stucco, 
none  is  made  to  mosaic.  There  are 
shafts  of  columns  at  Pompeii  composed 
of  brick  covered  with  small  cubes  of 
marble  ;  and  these  mosaics  are  nothing 
more  than  stucco  concealing  a  core  of 
inferior  material.  Bricks  and  terra-cotta 
blocks  are  after  all  only  a  species  of 
stucco  which  has  been  baked  and  thus 
made  ready  for  insertion  in  a  wall  in- 
stead of  being  run  against  it;  and  as  the 
late  Mr.  J.  W.  Papworth  said  in  one  of 
his  admirable  papers,  "  if  moulded  terra- 
cotta is  a  truthful  material,  run  plaster 
cornices  are  also  legitimate."  But  put- 
ting the  aesthetic  part  of  the  question  on 
one  side,  and  forgetting  the  pros  and 
cons  of  it,  there  can  be  no  doubt  that  a 
great  deal  more  plaster  and  paint,  more 
stucco  and  mosaic  wall- coverings, 'might 
be  used  with  advantage  in  the  insides  of 
our  houses  ;  and  that  wainscoting  and 
wood  linings, — which  the  Greeks  never 
used,  and  which  in  countries  like  India, 
for  instance,  cannot  be  used,— harbor 
vermin  and  insects;  while  paper  even  of 
the  best  kind  is  known  to  possess,  in  a 
sanitary  point  of  view,  absolutely  dan- 
gerous qualities.  v  If  uncompromising 
truth  in  architecture  be  carried  to  its 
logical  conclusion,  painting  and  sculp- 
ture, which  on  a  building  are  its  subordi- 
nates, must  often  be  positively  false;  for 
a  painted  perspective  upon  a  flat  surf  ace, 
and  a  bas-relief  in  marble,  are  both  at- 
tempts to  deceive.  The  trunk  of  a  tree 
should  be  carved  in  wood,  a  musical  in- 
strument inlaid  with  brass,  and  drapery 
worked  in  some  kind  of  stuff.  Probably 
Pope  had  a  glimpse  of  the  future,  at 
least  as  far  as  the  aesthetic  development 
of  "  purism  "  goes,  when  he  wrote  : 

"  That  live-long  wig,  which  Gorgon's  self  might  own, 
Eternal  bnckle  takes  in  Parian  stone." 

The  pages  of  this  journal  are  not  suffi- 


ciently encyclopaedic  to  catalogue  the 
many  different  sorts  of  stucco  that,  for 
the  last  two  thousand  years,  have  been 
used  to  envelop  walls  composed  of  ma- 
terials quite  as  "honest"  as  any  which, 
in  this  era  of  virtue,  are  too  frequently 
left  naked  and  unprotected.  The  MS. 
of  Professor  Donaldson's  exhaustive 
treatise  upon  stucco,  printed  in  the 
"  Encyclopaedia  Metropolitana,"  lies  open 
to  all  in  the  Library  of  the  Institute  of 
Architects.  The  tectorium  opus  of  the 
Romans,  with  which  Vitruvius  has 
familiarized  his  readers,  and  the  chunam 
of  the  Hindus,  are  probably  of  equal 
antiquity.  At  the  present  moment  the 
preparation  and  application  of  the  latter 
is  best  understood  in  the  Madras  Presi- 
dency. The  plaster  coats,  on  ancient 
Greek  and  Roman  walls,  consisted  gen- 
erally of  three  layers  of  mortar  com- 
posed of  lime  and  sand,  and  three  others 
of  stucco,  composed  of  powdered  marble 
and  lime — the  powder  of  marble  being 
finer  as  each  layer  was  applied  until  in 
the  third  it  was  exceedingly  fine.  Chu- 
nam is  of  two  kinds;  that  used  in  parts 
of  the  interior  of  India  being  prepared 
from  a  gravelly  kind  of  limestone,  dug 
out  of  quarries,  while  that  used  along 
the  coast  is  made  from  shells  washed  out 
of  the  salt  marshes;  and  the  latter  is 
thought  to  be  the  more  durable  of  the 
two.  But  the  excellence  of  both  depends 
undoubtedly  on  the  mode  of  preparation 
and  manipulation.  The  columns  in  the 
interior  of  Government  House  at  Cal- 
cutta are  coated  with  the  very  finest 
description  of  stucco,  and  it  is  affirmed 
that  the  materials  (excepting,  perhaps, 
the  quartz  sand)  for  making  good  shell- 
chunam  are  better  in  that  part  of  India 
than  in  Madras,  only  in  the  latter  Presi- 
dency the  "  elbow-grease  "  is  more  effec- 
tually applied.  This  shell-chunam  is  a 
fine,  impalpable  powder,  while  the  stone- 
chunam  is  a  coarse,  sandy  one.  Both  one 
and  the  other  are  mixed  with  clean,  sharp 
sand,  in  various  proportions,  according 
to  the  use  for  which  they  are  intended. 
Mr.  Chish'olm  has  explained  the  process 
for  which  Madras  is  famous.  He  says  : 
— "The  first  coat  generally  consists  of 
three  parts  of  river  sand  to  two  parts  of 
shell-lime  laid  on  roughly  by  trowel  and 
hand-float.  The  second  coat  is  composed 
of  ground  quartz,  sand,  and  shell-lime  in 
equal  proportions,  brought  to  a  surface 
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by  Derby  floats  in  the  ordinary  Euro- 
pean manner.  The  third  coat  is  a  simi- 
lar mixture,  ground  very  fine  to  the  con- 
sistency of  cream.  This  is  troweled  on, 
and  polished  with  agates.  After  apply- 
ing the  creamy  mixture,  the  workman 
continually  rubs  the  surface  with  the 
agate  held  in  the  right  hand,  while  with 
the  left  he  occasionally  dusts  the  surface 
with  fine,  dry,  powdered  quartz,  contained 
in  a  small  linen  bag."  If  any  one  be  im- 
prudent enough  to  doubt  the  force  of 
"  elbow-grease,"  not  only  in  the  matter 
of  good  stucco,  but  of  all  materials  with 
a  "  face,"  let  him  watch  in  Eastern  India, 
native  workmen  polishing  an  oak  floor 
with  empty  beer-bottles.  The  modern 
tendency,  however,  in  this  country,  is  not 
to  obtain  smooth  or  polished  surfaces  so 
much  as  to  destroy  dead  ones,  and  this 
deadness  is  songht  to  be  '  removed  by 
stamping  patterns  upon  it.  We  take  it, 
on  the  contrary,  that  our  English  climate 
in  general,  and  our  London  atmosphere 
in  particular,  demand  the  means  of  throw- 
ing off,  rather  than  of  harboring,  dust 
and  damp,  which,  once  combined,  form 
dirt. 

We  said  at  the  beginning  that  we  held 
no  brief  for  any  kind  of  stucco;  but  if 
we  have  taken  up  its  defence  with  a  will, 
and  have  by  any  chance  proved  stucco 
to  be  right,  we  have  proved  ourselves 
wrong;  for,  undoubtedly,  as  the  great 
mass  of  people  have  used  it,  do  use  it, 
and  will  continue  to  use  it,  it  is  irre- 
trievably wrong.  Witness  the  article  in 
the  "Penny  Cyclopsedia"  of  the  year 
1842,  and  compare  the  custom  of  to-day 
after  thirty-four  years  of  culture  to  boot: 
— "  Much  will  depend  upon  the  skill  and 
care  with  which  stuccoing  is  executed, 
on  its  being  made  to  resemble  stone  as 
closely  as  possible  both  as  to  tint  and 
the  grain  or  surface;  and  in  order  to 
render  the  deception  as  complete  as  pos- 
sible, it  is  important,  though  it  is  not 
always  done,  that  lines  should  be  made 
on  the  face  of  the  wall  indicating  joints 
and  courses  of  stonework.  If  perfectly 
well  executed,  stucco  will  be  nearly 
equal  in  appearance  to  stone,  and  even 
superior  to  that  of  stone  of  inferior 
quality.  There  are  some  who  protest 
against  the  use  of  stucco  altogether,  as  a 
spurious  and  meretricious  mode  of  build- 
ing with  sham  material,  but  ...  it  has 
been  favorable  to   architectural  design, 


and  promoted  a  taste  for  it  by  allowing 
it  to  be  executed  when  stone  would  be 
too  expensive  a  material,  or  where,  if 
stone  were  employed,  the  same  extent 
and  degree  of  enrichment  could  not  be 
afforded."  Happily  there  are  not  want- 
ing thousands  amongst  the  millions  who 
inhabit  these  islands  to  understand  the 
utter  falseness  of  such  an  argument  and 
the  gross  injustice  thereby  done  to  an 
excellent  building  material;  and  having 
such  a  warning  before  our  eyes,  some 
captious  reader  may  well  ask,  why  we 
wrote  about  stucco  at  all  ?  Why  not  let 
sleeping  dogs  lie  ?  Why  stir  mud  any 
more  than  pitch  ? — for  though  stucco  is 
neither  mud  nor  pitch,  the  slime  of  the 
Tiber  has  helped  to  make  one  kind,  and 
the  slime'  of  the  Dead  Sea  another. 
Those,  however,  who  love  stucco  will 
probably  admit  the  excellence  of  any 
argument  we  may  have  used  in  favor  of 
it,  and  those  who  hate  it  may  recall  a 
witty  anecdote.  When  some  good-na- 
ture^ friend  told  Stella  how  beautifully 
Swift  had  written  regarding  her  rival 
she  expressed  no  surprise,  for  she  knew 
the  Dean  had  also  written  finely  about  a 
broomstick.  Many  worthy  people  have, 
doubtless,  long  thought  about  stucco  in 
a  spirit  similar  to  that  which  urged  the 
satirist  to  treat  of  a  broomstick;  and  so, 
perhaps,  it  is  necessary  now  and  then  to 
say  a  word  to  such — not  finely,  but  in  a 
homely  fashion — concerning  an  ancient 
material  which  in  proper  hands  may  be 
made  just  as  artistic  and  lovely  as  it 
is  comfortable  and  clean. 

Cincinnati  Musrc  Hall. — The  work 
of  demolishing  the  old  Cincinnati  Ex- 
position buildings  is  now  going  on.  The 
erection  of  permanent  buildings  for  a 
music  hall  and  for  future  expositions  is 
to  begin  soon.  It  is  expected  that  the 
new  building  will  be  ready  for  the  bien- 
nial musical  festival  next  May. 


Errata. — In  the  illustration  on  page 
169  of  our  August  number,  there  are 
represented  but  four  slits  for  the  admis- 
sion of  gas,  whereas  there  should  be  six, 
one  for  each  sector. 

Also,  on  page  171,  in  second  column, 
the  statement  regarding  the  number  and 
size  of  the  sleeves  should  read :  "  90 
sleeves;  62,  9"  long,  and  28,  12"  long." 
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From  "Iron." 


Since  that  remote  date  when  Esau's 
savory  feast  was  forestalled  by  the  im- 
itation served  up  by  his  brother,  there 
has  been  no  end  to  the  grievances  of  in- 
ventors. The  man  who  originates  any- 
thing must  prepare  to  act,  to  "  be  done," 
and  undoubtedly  to  suffer.  He  must 
endure  the  incredulity  and  distrust  of 
friends,  the  open  hostility  of  rivals,  and, 
if  his  invention  be  of  national  import- 
ance, the  stony  indifference  of  officials. 
It  is,  perhaps,  hardly  to  be  wondered  at 
that  the  routine  and  experience  of  a  pub- 
lic department  should  induce  a  feeling 
of  scepticism  tempered  by  despondency. 
There  are  so  many  inventors  ready — too 
ready — and  too  desperately  willing  to 
increase  the  efficiency  of  every  depart- 
ment, and  save  a  large  sum  of  money  at 
the  same  time,  that  Government  officials 
naturally  become  hardened  by  practice. 
They  know  every  kind  of  inventor — the 
bland,  persuasive  man  who  cannot  be 
shaken  off — the  rough-and-ready  cus- 
tomer who  will  not  be  said  nay  to — the 
combative  "genius"  who  rushes  into 
print  and  ventilates  his  grievances 
through  the  medium  of  the  press.  They 
have,  or  imagine  they  have,  a  perfect 
system  for  getting  rid  of  these  people, 
by  reducing  them  by  degrees  to  utter 
weariness  and  heartsickness.  It  is,  to  the 
patient  student  of  human  nature,  by  no 
means  uninteresting  to  watch  the  change 
brought  about  in  a  once  sanguine  inven- 
tor by  the  contact  of  officialism.  At  the 
beginning  he  is  bright  and  buoyant.  He 
has  obtained,  or  rather  thinks  he  has  ob- 
tained, the  ear  of  persons  in  authority. 
His  invention  has  been  talked  over,  and 
a  committee  to  report  on  it  talked  about. 
Probably  the  affair  never  reaches  the 
actual  committee  stage  at  all — but,  ad- 
mitting a  committee  of  experts  to  be 
actually  appointed,  the  troubles  of  the 
inventor  have  only  commenced.  He 
bears  up  bravely  for  a  while,  but  com- 
mittees and  reports  prove  too  much  for 
him  in  the  long  run.  Unless  gifted  with 
both  health  and  wealth  he  finds  himself 
shrinking  painfully  both  in  purse  and  in 
person.  Years  and  anxiety  plant  a 
plentiful  crop  of  gray  hairs  over  the  in- 


ventive brain,  but  yet  no  advance  is 
made.  At  last,  in  the  fullness  of  time, 
the  invention  is  reported  upon  favora- 
bly, and,  if  the  inventor  have  not  gone 
mad  or  died  in  the  meantime,  he  is  al- 
lowed to  work  his  wicked  will  upon  an 
old  ship  or  a  batch  of  rusty  guns. 

Such  is  the  ordinary  lot  of  those  who 
seek  to  increase  the  naval  and  military 
power  of  England  and  enrich  themselves 
at  the  same  time,  but  occasionally  a  for- 
tunate individual  enjoys  rapid,  if  incom- 
plete, success.  Major  Moncrieff,  whose 
gun-carriage  is  familiar  to  our  readers, 
is  a  case  in  point.  Up  to  a  certain  stage 
his  relations  with  the  powers  that  be 
were  eminently  satisfactorily,  but,  at  the 
moment  when  he  expected  that  his  views 
were  about  to  be  adopted  in  their  en- 
tirety, he  found  that — thanks  to  some 
oversight  or  misconception  of  his  plan 
on  the  part  of  the  committee  appointed 
to  report  on  it — the  Moncrieff  system 
was  to  be  laid  aside  for  the  present,  or, 
if  not  entirely  abandoned,  entrusted  to 
other  hands.  In  order  to  arrive  at  a 
perfectly  clear  apprehension  of  the  po- 
sition claimed  by  Major  Moncrieff,  it  is 
in  the  first  place  necessary  to  get  rid  of 
the  impression  that  the  elevating  gun- 
carriage  is  the  be-all  and  end-all  of  his 
invention.  Practically,  the  adoption  of 
his  plan  would  revolutionize  the  present 
system  of  fortification  ;  and  if  the  appli- 
cation of  hydraulic  carriages  to  guns  of 
heavy  calibre  proved  successful,  fortified 
embrasures  and  casemates  would  be 
things  of  the  past.  As  the  gun,  mounted 
on  Major  Moncrieff's  principle,  rises  from 
the  bottom  of  a  pit,  delivers  its  fire,  and 
then  sinks  into  security,  the  heavy  ord- 
nance placed  on  coast  fortifications 
would  be  protected  by  a  continuous 
parapet  which  could  hardly  be  breached. 
To  the  advancing  enemy  no  gun  would 
be  visible  till  the  instant  before  it  was 
I  discharged,  when,  rising  on  its  elevating 
platform  over  the  edge  of  the  parapet, 
each  piece  would  possess  the  advantage 
of  a  gun  en  barbette.  ISTo  artillerist  is 
blind  to  the  advantage  of  guns  placed  on 
this  plan,  the  only  drawback  hitherto 
having  been  the  danger  incurred — owing 


376 


YAN   NOSTKANirS   ENGINEEKING   MAGAZINE. 


to  the  improved  construction  of  shrap- 
nel— so  great  that  no  engineer  would  at- 
tempt to  oppose  guns  en  barbette  to  a 
heavy  fire  of  sea-shrapnel.  It  is  claimed, 
and  with  considerable  justice,  for  Major 
Moncrieff's  system,  that  it  combines  the 
strength  of  a  continuous  parapet,  the 
wide  range,  and  consequent  efficiency  of 
guns  en  barbette,  and  an  equal  measure 
of  safety  with  the  shield  system  on 
which  so  much  money  has  been  expended. 
It  is  also  pretty  clear  that  one  gun  en 
barbette,  can  do  the  work  of  two  in  em- 
brasures, and  that  therefore  the  pro- 
posed fortifications  of  the  future  have  on 
their  side  the  merit  either  of  increased 
efficiency  or  of  greater  economy,  at  the 
option  of  the  constructor.  To  this  com- 
plexion has  the  Moncrieff  system  been 
brought  in  the  fulness  of  its  develop- 
ment— a  process  extending  over  nearly  a 
quarter  of  a  century.  So  long  ago  as 
1858  Major  Moncrieff  brought  his  plan 
under  the  notice  of  the  Government.  In 
1865  when,  owing  to  the  improvement  in 
artillery,  the  necessity  for  increased  pro- 
tection to  batteries  was  acknowledged, 
the  iron  shield  system  came  into  notice, 
and  proved  a  sturdy  opponent  to  the 
elevating  carriage.  Nevertheless,  the 
latter  made  its  way  by  degrees,  and  ad- 
vanced in  the  favor  of  experts,  until  the 
period  when  the  increased  size  of  guns 
rendered,  in  the  opinion  of  Major  Mon- 
crieff himself,  the  substitution  of  hy- 
draulic power  for  the  original  counter- 
weight principle  absolutely  necessary. 
In  his  own  opinion,  as  expressed  on  vari- 
ous occasions,  the  counterweight  princi- 
ple was  not  adapted  to  guns  exceeding 
18  tons — applied  to  a  12-ton  gun  it 
worked  admirably,  but  when  one  of  18 
tons  was  to  be  dealt  with  the  hydrau- 
lic, or  hydraulic-pneumatic  system,  was 
preferable.  This  view  was  so  very  dis- 
tinctly put  forward  by  Major  Moncrieff 
in  a  written  statement  to  the  present 
Secretary  of  State  for  War  that  it  is  al- 
most inconceivable  that  any  misunder- 
standing could  occur.  That  such  misun- 
derstanding did  occur,  however,  is  now 
a  matter  of  history. 

In  the  statement  referred  to — dated 
28th  of  April,  1874 — the  inventor  con- 
fined himself  to  the  definite  point  of 
recommending  the  immediate  manufac- 
ture of  a  Moncrieff  carriage,  worked  by 
hydraulics,  for  an  18-ton  gun,  and  gave 


in  a  succinct  form  his  reasons  for  taking 
that  course.  This  statement  was  referred 
by  the  War  Minister,  through  the  Direc- 
tor of  Artillery  (Sir  John  Adye),  to  the 
"  Committee  on  Moncrieff  Carriages  "  for 
their  report.  To  that  committee  Major 
Moncrieff  was  refused  access,  and  was 
not  even  allowed  to  show  the  committee 
a  model  in  illustration  of  the  statement 
on  which  they  were  requested  to  report. 
It  would  appear,  also,  that  the  coirmxit- 
tee  had  at  no  time  very  distinctly  before 
them  the  proposition  of  Major  Moncrieff, 
and  were  left  in  doubt  whether  he  ad- 
vised the  construction  of  an  18-ton  gun- 
carriage  on  the  counterweight  principle, 
or,  as  was  really  the  case,  he  preferred 
the  manufacture  of  an  hydraulic  car- 
riage. In  going  through  their  report  on 
the  statement  laid  before  them  it  is  diffi- 
cult to  resist  the  conclusion  that,  what- 
ever may  be  the  value  of  the  Moncrieff 
"hydraulic"  system,  its  supposed  merits 
were  by  no  means  properly  set  before 
the  committee.  The  concluding  para- 
graph of  their  report  records  that  they 
"did  not  understand  clearly"  whether 
the  construction  of  an  18-ton  gun  on  the 
counterweight  or  on  the  hydro-pneumatic 
system  was  asked  for;  and  simply  con- 
curs with  the  inventor  in  deprecating  the 
extension  of  the  counterweight  principle 
to  heavy  ordnance.  The  almost  imme- 
diate dissolution  of  the  committee  de- 
prived Major  Moncrieff  of  all  opportuni- 
ty of  explaining  the  misunderstanding 
under  which  their  report  was  apparently 
framed,  and  it  would  seem  that  the  sub- 
sequent efforts  of  that  gentleman  to  ob- 
tain a  hearing  from  the  War  Department 
met  with  but  little  success.  Without 
entering  into  the  vexed  question  of  the 
comparative  merits  of  the  "shield"  and 
Moncrieff  systems,  and  the  costliness  of 
the  latter  if  extended  to  heavy  guns  on 
the  counterweight  principle,  we  may  yet 
express  our  regret  that  an  eminent  in- 
ventor, whose  efforts  up  to  a  certain 
point  had  received  official  as  well  as 
popular  sanction,  should  have  been  un- 
ceremoniously laid  on  the  shelf.  Of  two 
things  one.  Either  Major  Moncrieff's 
hydraulic  system  is  costly,  unpractical, 
or  for  some  other  reason  inapplicable  to 
heavy  guns,  or  it  possesses  the  advan- 
tages claimed  for  it  by  the  inventor.  In 
either  case  his  success  in  the  counter- 
weight system — so  far  as  it  went — ought 
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to  plead  in  his  favor  for  a  calm  and  pa- 
tient investigation  of  the  latest  develop- 
ment of  his  idea. 


REPORTS  OF  ENGINEERING  SOCIETIES, 

INSTITUTION  OF  MECHANICAL  ENGINEERS. — 
The  summer  meeting  of  the  members  of 
this  Institution  was  held  recently  in  Birming- 
ham— Mr.  Thomas  Hawksley,  president,  pre- 
sided. 

Mr.  W.  P.  Marshall,  secretary,  read  a  paper, 
prepared  by  Mr.  William  E.  Rich  (London),  on 
"  Djnamorneters,  Friction  Brakes,  and  other 
Testing  Apparatus  belonging  to  the  Royal 
Agricultural  Society  of  England."  The  paper 
referred  at  great  length  to  the  three  more  im- 
portant instruments  belonging  to  the  society, 
which  were  classed  under  three  heads — 1. 
Traction  dynamometers,  for  measuring  the 
draughts  of  implements  and  vehicles  drawn  by 
horses  or  otherwise. — 2.  Friction  brakes,  for 
absorbing  the  power  developed  by  steam-engines 
and  other  prime  movers  by  uniform  frictional 
resistances.— 3.  What  were  commonly  called 
rotary  dynamometers,  which  registered  the 
amounts  of  power  that  must  be  transmitted  to 
various  machines  from  external  sources  in 
order  to  work  them. — A  vote  of  thanks  was 
passed  to  Mr.  Rich  for  his  paper,  and  a  brief 
discussion  followed. 

The    Secretary    next    read    a    paper    "On 
Mechanical    Puddling,"    by    Mr.    T.    Russell 
Crampton,  London.     The  author  said  that  the 
operation  required     considerable    intelligence 
and  excessive  labor,  and  it  was  the  successful 
combination  of  those  two  elements  which  con- 
stituted the  great  difficulty,  as  evidenced  by 
the  high  wages  that  good  puddlers  could  com- 
mand.    Although  the    requirements  for  good 
puddling  were  apparently  so  simple,  manual 
labor  was  not  to  be  depended  upon  for  that 
purpose,    consequently    mechanical  puddling 
had  been   called   into   requisition.     Sufficient 
had  been  established  to  enforce  the  conviction 
that  puddling  by  the  revolving  chamber  was 
superior  as  compared  with  hand  puddling  or 
other  rabbling,  as    not   only  were  the  yields 
increased,  but  the  quality  of  the  product  was 
most  strikingly  improved.     The  most  careful 
efforts  had  been  made  to  obtain  equal  results 
by  hand  from  like  material,  but  in  every  case 
the  rotary  puddled  product  was  the  best.     A 
number  of  drawings    were   suspended  in  the 
theatre  for  the  purpose  of  giving  a  general  idea  j 
of  the  various  arrangements  proposed.     It  was 
stated  by  the  author~that  in  his  furnace,  where  i 
the  firing  was  done    mechanically,  little  skill ! 
and  no  exhaustive    labor  were  required.     In 
order  to  show  the  effects  of  the  two  systems  of  i 
making  iron  there  were  laid  on  the  table  a 
series  of  samples,  consisting  of  plates  and  rails,  I 
some  produced  by  the,  best  known  makers  by  I 
the  usual  process  of  building  up  small  pieces,  I 
and  others  made  from  one  homogeneous  puddle  j 
ball. — A  vote  of  thanks  was  passed  to  Mr.  J 
Crampton,  and  the  meeting  adjourned. 

The  meeting  was  resumed  next  morning, 
with  a  further  discussion  on  Mr.  Crampton's 
paper  "  On  Mechanical  Puddling."  Mr.  W.  P. 
Marshall,  secretary,  read  a  paper  prepared  by 


Mr.   Francis  Preston,   of  Huddersfield,   "On 

McCarter's  Condenser   without  Air-pump  for 

Sfeam-Engines. "     The  writer  stated  that  many 

attempts,  with  varied  success,  had  been  made 

to  introduce  a  condenser  without  an  air-pump, 

but  he  believed  there  had  been  no  successful 

application  of  a  condenser  without  the  aid  of 

an  air-pump,  and  capable  of  lifting  its  own 

injection  water,   previous    to  the  one  which 

formed  the  subject  of  the  present  paper.     The 

construction  and  working  were  then  explained 

by  a  number    of   diagrams.     The  condensers 

had  been  successfully  at  work  upwards  of  three 

years,  in  conjunction  with  engines  from  12  in. 

cylinders  to  37-inch    cylinders,    giving  every 

satisfaction,  effecting  a  considerable  saving  in 

j  coal,  besides  giving  much  steadier  motion  to 

'  the  machinery,  caused  by  the  regularity  of  the 

working  of  the  condensers,  without  the  great 

strain  being  put  upon  the  engine  through  the 

ordinary  air-pump  at  every  revolution  of  the 

:  engine.     Illustrations  were  next  given  of  the 

'  successful  applications  of  the  condensers.     In 

'  one  instance  it  was  stated  that  the  engines  had 

done  more  work  in  the  mill  than  in  any  other 

month,  with  a  regular  speed  and  with  greater 

!  ease,   besides    saving    fuel    in    money  value 

:  amounting  to  33  per  cent.     The  paper  conclud- 

1  ed  with  reference  to  a  recent  calculation  made 

by  Mr.  James  Wood,  engineer,  of  Burnley,  in 

|  which  a  comparison  was  made  as  to  the  rela- 

!  tive  volumes  of  steam  expended  in  the  work- 

]  ing  of  an  ordinary  air-pump  and  the  McCarter 

1  condenser,   in  an  engine  at  Messrs.   Crossley 

;  and  Son's  Albion  Mills,  Halifax.     Mr.  Wood's 

report  showed  that  there  was  a  difference  of 

1 1,161  lbs.  degrees  of  heat  in  favor  of  the  con- 

|  denser,  or  equal  to  25  per  cent. ,  a  percentage 

which  must  not  be  considered  as  showing  the 

j  whole    economical    advantage    which  existed 

'  over  the  ordinary  air-pump. 

After  a  brief  discussion,  a  paper,  by  Mr. 
j  Bernard  P.  Walker,  of  Birmingham,  was  read 
"  On  the  Frisbie  Fire-Feeder  and  Grate  for 
|  Boilers  and  Furnaces."  The  object  of  this 
I  apparatus  is  to  supply  the  fuel  at  the  lower 
surface  of  the  boiler  and  furnace  fires,  instead 
|  of  at  the  upper  surface.  It  was  stated  that  the 
system  of  firing  by  inserting  the  fuel  from 
beneath  presented  the  following  advantages  : 
— 1.  The  fire  was  not  reduced  in  intensity  by  t 
the  cold  fuel  damping  the  flame  when  thrown' 
on  the  upper  surface  of  the  fire,  so  that  the 
evolution  of  smoke  from  this  cause  was  com- 
pletely avoided. — 2.  Each  successive  charge  of 
fuel  lifted  up  and  most  effectually  poked  the 
fire. — 3.  The  cooling  of  the  furnace  by  the  ad- 
mission of  a  large  volume  of  cold  air  when  the 
fire  doors  were  opened  for  stoking  was  avoided. 
— 4.  A  smokeless  flame  was  readily  attainable 
with  a  thick  fire,  although  using  smaller  fuel 
than  could  be  employed  in  ordinary  furnaces, 
with  a  maximum  intensity  of  heat.  One  of  the 
furnaces  had  been  in  constant  work  for  nearly 
four  years  at  Spring  Hill  Rolling  Mills,  Bir- 
mingham, where  it  had  been  proved  thorough- 
ly satisfactory.  Mr.  Walker,  in  conclusion, 
stated  that  from  20  per  cent,  in  steam-engine 
boilers  to  60  per  cent,  saving  in  cost  of  fuel  in 
reverberating  furnaces  used  for  smelting  nickel, 
had  been  effected  by  its  use. — Mining  Journal. 
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IRON  AND  STEEL  NOTES. 

1 '  "H/TILD  "  Steel.— With  the  advance  of  science 
111  old  definitions  become  obsolete  ;  and 
terms  which  conveyed  a  certain  idea  to  our 
grandfathers,  or  even  our  fathers,  demand 
some  qualifying  epithet  in  adapting  them 
to  the  terminology  of  our  own  times. 
The  individual  who  was  puzzled  at  the 
information  that  "pigs,"  after  having  been 
heavy,  were  now  rather  livelier,  would  be 
no  less  astonished  at  the  association  of  the 
adjective  "  mild  "  with  that  metal  which  of  all 
others  he  was  accustomed  to  associate  with 
war,  strife  and  murder.  Nor  is  it  the  case,  un- 
fortunately, that  it  becomes  necessary  to  quali- 
fy the  noun  steel  with  the  adjective  mild,  on 
the  application  of  this  metal  to  peaceful  purpo- 
ses alone;  for  one  of  the  chief  uses  to  which 
"mild  "  steel  is  put,  is  to  form  the  skin  of  ves- 
sels of  war.  It  has  been  said  that,  to  consti- 
tute steel,  the  metal  should  be  capable  of  being 
welded,  tempered  and  hardened.  But  this  de- 
finition, though  general  enough  to  include  all 
the  different  varieties  of  this  metal,  made  by 
the  various  processes,  that  are  capable  of  these 
operations  in  different  degrees,  is  not  sufficient- 
ly exact  to  distinguish  any  one  of  them  with- 
out some  qualifying  adjective,  such  as  that  at 
the  head  of  this  article  for  instance.  ' '  Con- 
verted metal"  seems  too  cumbrous  a  term  for 
our  high  pressure  age  ;  so,  perhaps,  the  names 
of  the  inventors  of  the  various  processes  will 
assist  us.  We  speak  of  the  Uchatius  process 
and  of  Bessemer  metal ;  why  not  employ  the 
term  Siemens-metal  to  distinguish  the  homo- 
geneous product  of  the  united  Siemens  and 
Martin  processes  now  so  generally  employed 
on  the  Continent,  and  also  coming  gradually 
into  vogue  in  this  country  ? 

In  the  first  series  of  Cantor  Lectures  before 
the  Society  of  Arts,  Mr.  Mattieu  Williams  de- 
scribed, among  others,  the  Siemens-Martin 
process,  saying  that  it  afforded  a  homogeneous 
"mild "  or  "semi  "  steel  with  varying  but  defi- 
nite proportion  of  carbon,  somewhat  harder 
than  wrought  iron,  but  with  nearly  all  its 
toughness,  and  capable  of  being  wrought  al- 
most as  readily  as  iron.  Those  who  were 
present  could  not  fail  to  have  been  struck  by 
the  remarkable  specimens  of  this  metal,  bent 
while  cold  into  all  sorts  of  fantastic  shapes, 
having  been  lent  by  the  Landore-Siemens  Steel 
Company. 

The  works  of  this  company  are  situated  at 
Landore,  near  Swansea,  having  been  consider- 
ably enlarged  by  the  erection  of  the  "New 
Works  "  a  few  years  ago,  so  that  they  are  now 
equal  to  a  production  of  1,500  tons  a  week,  no 
less  than  1,200  men  being  employed  in  the 
works  alone,  not  including  the  six  collieries, 
within  a  short  distance,  owned  by  the  com- 
pany. Intersected  by  the  river  Tawe  and  the 
Swansea  Valley  Railway,  and  in  close  prox- 
imity to  the  South  Wales  line,  these  works 
possess  unusual  facilities  for  the  reception  of 
the  rich  hematite  ores  of  Furness  and  West 
Cumberland,  the  spathose  and  brown  hema- 
tite ores  from  the  Company's  own  mine  near 
Bilbao,  and  the  crystalline  limestone  for  flux 
from  the  Mumbles,  only  a  few  miles  distant. 


There  are  two  blast-furnaces,  fifty-four  feet 
and  sixty-six  feet  high,  erected  under  a  hill  at 
the  New  Works,  a  position  eminently  favora- 
ble for  receiving  the  raw  material,  which  is 
run  in  trucks  direct  to  the  furnace  mouth,  a 
steam-lift  of  only  a  few  feet  being  necessary  in 
one  case.  The  ordinary  pig-iron,  and  also  the 
spiegeleisen  for  imparting  to  the  metal  a  proper 
proportion  of  carbon,  are  made  in  the  two 
blast  furnaces,  a  smaller  furnace  being  occa- 
sionally employed  for  the  latter  purpose.  The 
blast-furnaces  are  close -topped,  the  bells  being 
provided  with  Head,  Wrightson  and  Co.'s 
patent  hydraulic  brakes  for  lowering  the 
charge.  The  blast  is  heated  in  three  of  Cow- 
per's  patent  stoves  to  a  temperature  of  about 
1,400  deg.  Fah. ;  and  the  pressure  at  the  furnace 
is  about  four  and  a  half  pounds  per  square  inch. 
The  boilers  for  raising  steam  for  the  blowing 
engines  and  for  driving  the  machinery  in  the 
melting  department  are  fired  by  the  waste 
gases.  The  coke  is  made  in  100  coke  ove^s 
quite  near  the  furnace  mouth,  the  batches 
being  drawn  by  means  of  an  endless  chain  and 
steam  power.  Penrose  and  Richard's  system 
has  lately  been  tried  with  the  most  satisfactory 
result,  a  saving  of  thirty  per  cent,  in  fuel 
having  been  effected.  This  process  consists  in 
mixing  and  grinding  together  sixty-five  per 
cent,  of  anthracite,  thirty  per  cent,  of  bitumi- 
nous coal  and  five  per  cent,  of  pitch  from  gas- 
works ;  and  is  more  fully  described  in  a  paper 
read  by  Mr.  Hackney  (a  former  manager  of 
the  works)  before  the  Iron  and  Steel  Institute, 
at  Manchester,  last  year. 

The  melting  house  was  erected  immediately 
in  front  of  the  blast-furnaces  with  the  intention 
of  running  the  metal  direct  into  the  melting 
furnaces  ;  but  this  arrangement  has  never  been 
carried  out,  and  the  usual  pigs  are  formed  in 
the  sand.  They  are  conveyed  in  trucks  to  the 
melting  furnaces,  which  are  capable  of  a  week- 
ly production  of  over  1,000  tons  of  ingots.  A 
ladle,  mounted  in  a  truck,  is  run  on  rails  over 
the  ingot  moulds,  arranged  in  a  straight  line, 
and  fills  each  in  turn,  while  overhead  traveling 
cranes  remove  the  ingots,  shift  the  moulds, 
and  also  serve  to  draw  out  the  ladles  from  the 
furnaces  after  receiving  their  charge.  The 
loam  lining  of  the  ladles  is  dried  by  gas  from 
the  producers,  applied  by  means  of  a  movable 
joint.  Both  the  scrap  and  ore  methods  are  em- 
ployed; but  no  phosphorous  must  be  present  in 
the  materials,  and  the  sulphur  must  not  exceed 
0.05  per  cent.  The  gas  for  the  furnaces  is 
generated  in  twenty-four  Siemens'  producers, 
collected  in  large  cooling  tubes,  and  led  under 
the  floor  to  the  furnaces,  where  it  is  directed 
by  the  reversing  valve  into  each  chamber  alter- 
nately, the  currents  being  changed  every  half 
hour.  The  charge  generally  consists  of  six 
tons  of  pig-iron,  twenty-five  cwt.  of  steel  scrap, 
and  from  twenty  to  twenty-five  cwt.  of  Mokta 
ore  for  decarburization,  while  the  proportion 
of  spiegeleisen  added  depends  upon  the  nature 
of  the  product  required.  On  an  average,  four 
hours  are  taken  up  in  melting  the  charge, 
when  the  ore  is  added  in  small  quantities  until 
the  carbon  is  sufficiently  reduced ;  the  spiegel 
is  then  charged  in,  more  frequently  cold,  but 
sometimes  having  been  previously  heated  to 
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redness  in  an  ordinary  heating  furnace.  From 
seven  to  eight  hours  are  required  for  working 
the  charge  after  it  is  melted,  when  samples 
are  taken  out  and  broken  for  the  purpose 
of  ascertaining  whether  the  carbon  is  suffi- 
ciently reduced.  The  furnaces  are  built 
entirely  of  silica  bricks,  made  at  the  works 
from  rock  obtained  in  the  neighborhood, 
and  the  bottom  consists  of  good  silica  sand, 
carefully  examined  after  each  pour,  and  refet- 
tled  when  necessary.  There  are  eight  more  of 
these  furnaces  at  the  Old  Works,  including 
two,  recently  erected,  which  are  capable  of 
melting  over  twelve  tons  at  a  pour.  In  these 
furnaces  an  improvement  has  been  introduced 
into  the  casting  pit.  Instead  of  the  metal 
being  allowed  to  run  from  the  furnace  into  the 
ladle,  and  then  into  the  moulds,  the  ladle  runs 
on  rails  in  a  straight  line  in  front  of  the  fur- 
nace, while  underneath  there  is  a  circular 
frame  carrying  the  moulds,  which  revolves 
like  a  turntable,  and  brings  each  mould  suc- 
cessively under  the  ladle. 

There  are  four  Siemens  reheating  furnaces 
for  ingots,  and  two  heating  furnaces  for  forg- 
ings  at  the  Old  Works,  as  well  as  two  eight-ton 
and  one  two-ton  hammers,  made  by  Messrs. 
Thwaites  and  Carbutt.  The  mill  is  provided 
with  two  twenty -four-inch  roll-trains,  one  for 
rails  and  bars,  and  the  other  for  plates,  driven 
by  a  pair  of  Ramsbottom  engines.  There  are 
altogether  twenty-one  Siemens  furnaces  in  the 
mill  department  at  the  New  Works  (the  gas 
for  which  is  supplied  by  fifteen  blocks  of  pro- 
ducers), and  four  eight-ton  and  one  four- ton 
double-acting  hammers  by  Thwaites  and  Car- 
butt.  The  mill  consists  of  rail  train,  bar  and 
wire  train,  and  a  patent  tire  mill,  worked  by 
hydraulic  power,  designed  by  Mr.  Webb,  of 
Crewe,  and  made  by  Messrs.  Craven  Brothers, 
Man  Chester.  The  rail  train,  driven  by  a  Rams- 
bottom's  engine,  has  two  pairs  of  twenty-four 
inch  rolls;  and  the  rail  is  conveyed  on  revolv- 
ing rollers  from  the  last  pass  to  the  saw,  made 
by  Kitsons  of  Leeds,  which  is  hung  in  a  swing 
frame  and  advances  to  the  rail,  while  a  self- 
acting  clutch  holds  the  rail  fast. 

A  forty-ton  lever  testing  machine  by  Buck- 
tons,  of  Leeds,  has  lately  been  erected  at  the 
Old  Works  for  the  purpose  of  carrying  out  the 
Admiralty  tests^for  the  "mild  steel"  plates 
now  being  supplied  by  the  company  for  H.M. 
despatch  vessels  Iris  and  Mercury" now  being- 
constructed  at  Pembroke  Dockyard.  A  single 
balanced  lever,  in  the  proportion  of  twenty  to 
one,  gives  a  pressure,  or  tensile  strain,  as  re- 
quired, of  a  ton  on  the  test-piece  for  every 
hundred  weight  applied  at  the  other  end,  there 
being  a  pressure  ram  at  one  side  the  main  ful- 
crum and  shackles  for  tension  grips  at  the 
other.  As  at  the  testing-house  at  the  Barrow 
Steel  Works,  there  is  here,  also,  a  remarkable 
collection  of  bars  of  all  sections  twisted  up, 
and  even  tied  into  knots  cold,  thus  showing  the 
remarkable  homogeneity  and  toughness  of  the 
metal. 

Dr.  Siemens,  D.C.L.,  F.R.S.,  &c,  is  the 
chairman  of  the  Company  ;  Mr.  J.  Riley,  the 
manager  of  the  works ;  Mr.  Arthur  Willis, 
F.C.S.,  son  of  the  late  Prof.  Wrillis,  the  head 
of  the  laboratory  ;  and  Messrs.  Campbell  and 


Morris,  general  agents.  Latterly,  we  under- 
stand, a  considerable  impetus  has  been  given 
to  the  manufacture  of  the  soft  steel  for  various 
special  purposes,  for  which  the  company  has 
now  acquired  a  considerable  reputation. 


RAILWAY  NOTES. 

Compound  Cylinder  Locomotive.  —  Engi- 
neering says:  "A  compound  cylinder  loco- 
motive is  at  trial  on  a  French  railway.  It  is 
the  first  of  a  set  of  similar  engines,  made  for 
the  Bayonne-Biarritz  Railway  Company  by 
MM.  Schneider  &  Co. ,  Creusot,  on  the  improv- 
ed compound  principle  patented  by  a  Swiss 
engineer,  Mr.  A.  Mallet.  These  engines  have 
only  two  cylinders,  the  small  of  9|  in.  and 
the  large  one  16  in.  in  diameter  ;  stroke  17f 
in.;  normal  gauge;  boiler  pressure  150  lbs.; 
weight  in  working  order,  about  20  tons.  In 
ordinary  circumstances  the  steam  is  admit- 
ted only  in  the  small  cylinder,  and  expands  in 
the  other;  but  when  starting  or  when  a  much 
larger  amount  of  power  is  required,  as  on  a 
steep  gradient,  each  cylinder  works  with  sep- 
arate admission  and  exhaust.  Besides  the 
saving  of  fuel  expected,  the  capital  object  is 
the  reduction  of  heating  surface;  in  the  above 
mentioned  engine  that  surface  being  only  516 

square  feet.  " 

• 

Speed  of  Trains. — The  following  are  the 
highest  authentic  instances  of  high  railway 
speed  with  which  we  are  acquainted  :  Brunei, 
with  the  Courier  class  of  locomotive,  ran 
thirteen  miles  in  ten  minutes,  equal  to  seventy- 
eight  miles  an  hour.  Mr.  Patrick  Stirling,  of 
the  Great  Northern,  took,  two  years  back, 
sixteen  carriages  fifteen  miles  in  twelve  min- 
utes, equal  to  seventy-five  miles  an  hour.  The 
Great  Britain,  Lord  of  the  Isles,  and  Iron  Duke, 
broad-gauge  engines  on  the  Great  Western 
Railway,  have  each  run  with  four  or  five 
carriages  from  Paddington  to  Didcot  in  forty- 
seven  and  a  half  minutes  ;  equal  to  sixty-six 
miles  an  hour,  or  an  extreme  running  speed  of 
seventy-two  miles  an  hour  ;  the  new  Midland 
coupled  express  engines  rnnning  in  the  usual 
course  have  been  timed  sixty-eight,  seventy, 
and  seventy-two  miles  an  hour.  The  ten  a.  m. 
express  on  the  Great  Northern,  from  Leeds, 
we  have  ourselves  timed,  and  found  to  be  run- 
ning mile  after  mile  at  the  rate  of  a  mile  in 
fifty-two  seconds,  or  at  69.2  miles  an  hour. 
The  engines  used  are  Mr.  Stirling's  outside 
cylinder  bogie  express  engines,  the  load  being 
ten  carriages. — Engineer. 

Railways  in  China. — Our  readers  are  aware, 
says  the  London  and  China  Telegraph, 
that  a  company  has  been  formed  in  London  for 
the  purpose  of  introducing  railways  into 
China,  and  that  the  first  experimental  line 
will  be  between  Shanghai  and  Woosung,  a 
distance  of  nine  and  a  half  miles.  We  are 
now  enabled  to  state  that  a  contract  has  been 
entered  into  between  the  Woosung  Road  Com- 
pany (Limited)  and  Mr.  John  Dixon,  of  Lon- 
don, for  the  construction  of  the  line,  and  that 
the  materials  for  the  permanent  way  have  al- 
ready left  for  Shanghai.  The  engineer  of  the 
company  went  out  some  time  since,  and  will 
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be  on  the  spot  to  commence  operations  as  soon 
as  these  shipments  arrive.  It  is  expected  that 
the  line  will  be  completed  and  in  full  working 
by  next  July,  when  the  noyelty  of  seeing  rail- 
way trains  actually  running  over  the  distance 
in  a  few  minutes  may  be  considered  certain  to 
attract  a  large  amount  of  Chinese  passenger 
traffic.  The  line  being  avowedly  experimental, 
is  constructed  on  the  narrow  gauge  of  two  feet 
six  inches  ;  the  funds  at  command  would  not 
admit  of  anything  more,  It  is  no  doubt  the 
case  that  this  will  be  found  inadequate  to  the 
requirements  of  a  large  traffic  ;  but  the  first 
thing  to  be  done  is  to  prove  railways  in  China 
a  success,  and  if  the  enterprise  of  the  company 
is  able  to  make  this  small  line  a  paying  con- 
cern, there  can  be  little  doubt  that  funds  will 
be  forthcoming  in  this  country  to  provide  rail- 
way communication  between  the  more  import- 
ant centers  of  commerce  in  China;  when  future 
extensions  of  the  system  can  be  equipped  with 
every  requisite  to  carry  the  largest  traffic  in 
passengers  and  merchandise  that  it  would  be 
reasonable  to  expect  for  years  to  come.  We 
believe  the  promoters  of  this  enterprise  will 
effect  more  real  good  in  our  relations  with 
China  and  the  Chinese  than  all  the  treaties  and 
conventions  we  can  obtain. 

Railroad  Across  the  Eastern  Continent. 
— The,  Iron  and  Metal  Review  says:  The 
great  feat  accomplished  by  the  U.  S.  in  con- 
necting the  Atlantic  and  Pacific  Oceans  by  a 
railroad  across  the  United  States  is  stimulat- 
ing enterprise  in  Europe,  and  it  fis  now  pro- 
posed— indeed,  the  plan  is  matured — to  con- 
nect the  Atlantic  and  Pacific  oceans  by  a  rail- 
road through  Central  A  sia.  At  a  conference 
of  geographers,  recently  held,  Col.  Bagdan 
owitz  explained  some  of  the  details  of  the 
road,  which,  it  is  expected,  will  overcome  one 
of  the  greatest  obstacles  to  the  extension  of 
civilization — namely,  the  separation  of  a  large 
part  of  Asia  from  Europe  by  vast  deserts,  in 
which  no  means  of  transit  but  a  railroad  could 
be  of  any  use.  A  railroad  alone  can  develop 
the  resources  through  which  it  would  pass. 
The  mineral  wealth  of  Siberia  and  the  Ural 
mountains  is  well  known.  The  exploration 
and  mining  of  their  region  would  be  encour- 
aged and  their  resources  developed.  It  is  pro- 
posed that  the  road  shall  start  from  Nijnii 
Novgorod,  in  Russia,  where  now  is  the  extreme 
eastern  station  in  the  network  of  European 
railroads.  It  will  run  along  the  Volga,  the 
Kama  to  Ekaterinburg,  on  the  Asiatic  side  of 
the  Ural  mountains ;  then  enter  Asia,  proceed 
in  the  direction  of  Truemen  and  Gmsk,  at 
the  Irtish  across  the  river,  proceed  by  the  way 
of  Kainsk  to  Tomsk  on  the  Tern,  a  branch  of 
the  Obi,  and  across  the  river.  Tomsk  is  the 
principal  center  of  commerce  of  Western  Si- 
beria ;  thence  the  road  will  run  directly  to 
Irkutsk,  at  Lake  Baikal;  thence  the  road  is  to 
pass  to  the  frontier  of  China,  and  thence  it  is 
no  longer  an  exclusively  Russian  but  an  inter- 
national undertaking. 

The  first  section,  from  Nijnii  Novgorod  to 
Tomsk,  runs  on  perfectly  level  ground  (the  so- 
called  steppes),  similar  to  our  prairies.  In  the 
second  section,  from  Tomsk,  to  Lake  Baikal, 


the  country  is  rolling  and  interspersed  with 
rivers  and  streams  ;  but  the  greatest  height  is 
only  3,500  feet,  and  the  largest  rivers  are  but 
very  moderate  in  width  and  depth.  The  only 
serious  difficulties,  as  we  have  said,  lie  at  the 
Chinese  frontier,  and  they  are  inferior  to  those 
overcome  in  the  Rocky  Mountains  and  the 
Sierra  Nevada  by  the  American  engineers. 
Russia  has  raised  in  fifteen  years  more  than 
$1,000,000,000  with  which  to  construct  15,000 
miles  of  railroad,  and  can  easily  find  $300,000,- 
000  or  $400,000,000  to  construct  a  line  of  such 
value  to  all  the  civilized  world. 
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The  Brooklyn  Bridge — Stretching  the 
Cables.  —  The  following  is  condensed 
from  an  explanation  made  by  Mr.  E.  F.  Far- 
rington,  Master  Mechanic  of  the  bridge  con- 
struction :  There  are  four  piers,  two  upon 
each  side  of  the  river.  On  the  New  York  side, 
the  first  is  an  anchorage  pier,  to  which  the 
cables  of  the  substructure,  passing  over  the 
tower  pier,  are  to  be  anchored.  It  is  about 
eighty  feet  high,  and  covers  six  city  lots.  The 
tower,  standing  at  the  river's  edge,  930  feet 
from  the  first  pier,  is  271  feet  above  high  water 
mark.  The  Brooklyn  tower  is  the  same  height, 
and  the  span  is  very  nearly  1,600  feet.  The 
Brooklyn  anchorage  is  a  duplicate  of  the  New 
York  one .  The  cables  are  composed  of  steel 
wires,  laid  side  by  side  and  wrapped  with  a 
single  spiral  wire.  One  after  another  is  stretch- 
ed from  pier  to  pier,  until  there  are  enough, 
and  then  they  are  wrapped,  forming  a  com- 
pletely rounded  cable,  containing  6,270 
straight  parallel  wires.  There  are  four  cables, 
making  the  number  forming  the  main  support 
25,080  wires.  The  first  rope  stretched  is  made 
of  twisted  chrome  steel  wires,  three-fourth  inch 
in  diameter,  called  a  "traveler.''  It  has  been 
wound  upon  a  wooden  drum  which  revolves  in 
a  frame.  The  frame  will  be  placed  upon  a 
scow  at  the  foot  of  the  Brooklyn  tower,  and 
one  end  of  the  "traveler"  taken  up  over  the 
tower,  carried  to  the  anchorage  pier  and  made 
fast.  The  scow  will  then  start  for  the  New 
York  side,  paying  out  the  rope  and  letting  it 
sink  to  the  bottom  of  the  river.  When  the 
scow  has  reached  the  New  York  side  the  end 
upon  the  reel  will  be  detached,  carried  over 
the  top  of  the  New  York  tower,  and  brought 
to  the  engine  house  between  the  two  piers, 
where  the  hoisting  engine  is  located.  It  will 
be  fasted  to  a  large  drum,  which  will  be  turned 
by  the  engine.  At  a  moment  when  no  vessels 
are  passing  the  rope  will  be  raised  from  the 
river  bed  until  it  is  stretched  from  the  anchor 
pier  on  the  Brooklyn  side  to  the  engine  house 
on  the  New  York  side.  The  end  will  then  be 
carried  to  the  anchor  pier  and  fastened  tempo- 
rarily. A  second  rope  will  be  brought  over  in 
the  same  manner.  The  ends  of  the  two  will 
be  "spliced"  together,  and,  passing  around 
grooved  wheels  at  each  anchorage,  forming  an 
endless  rope,  by  which  other  ropes  will  be 
pulled  back  and  forth.  A  second  traveler  will 
then  be  constructed.  These  will  first  be  used 
to  carry  over  seven  other  principal  ropes,  viz. : 
one   "foot  bridge,"  four  "cradle"  and  two 


ENGINEEEING   STEUCTUEES. 


381 


"carrier"  ropes.  The  "foot  bridge"  and 
"  cradle  "  ropes  will  be  respectively  2f  and  2| 
inches  in  diameter.  The  ' '  carrier  "  ropes  will 
be  \\  and  If  inches  in  diameter,  and  put  across 
first,  to  support  the  heavier  ropes  as  they  are 
hauled  over  by  the   "traveler."    Upon    the 


positions,  they  will  be  relieved  of  the  tempo- 
rary wrappings,  compressed  into  a  circular  form 
by  heavy,  wrought  iron  clamps,  and  then  re- 
ceive their  final,  spiral  wrapping  of  one  thick- 
ness of  wire.  The  wrapping  machine  consists 
of  a  cast-iron  cylinder  in  two  halves,  bolted  to- 


cradle  ropes  and  a  foot-bridge  rope  the  foot- 1  gether  round  the  cable,  which  holds  a  wooden 


bridge  is  to  be  constructed,  from  anchor-pier 
to  anchor-pier,  over  the  tops  of  the  towers.  It 
will  be  3£  feet  wide,  and  made  of  oak  slats 
ljx3  inches,  fastened  at  each  end  to  longitu- 
dinal strips  of  fifteen  feet  in  length,  resting 
upon  the  ropes,  fastened  to  the  same  material. 


reel  for  the  wrapping  wire.  It  has  a  movable 
arm  attached  to  a  steel  disk,  which  works  on 
one  end  of  the  cylinder.  The  wire  passes  by  a 
round  turn  around  a  little  roller  on  one  end  of 
the  movable  arm,  thence  through  a  guiding 
slot  in  a  steel  disk,  around  the  cable.     By  turn- 


It  will  be  in  sections  from  twelve  to  fifteen  feet  j  ing  the  arm  the  wire  is  wound  around  the  cable 


in  length,  resting  upon  the  ropes,  fastened  by 
strong  iron  clamps  and  guarded  by  handrails. 
The  cradles  are  wooden  platforms  forty-eight 
feet  long  by  four  wide,  placed  crosswise  on  the 
ropes,  and  surrounded  by  a  railing  four  feet 
high.  There  will  be  10 — 6  over  the  river, 
and  two  between  each  tower  and  anchorage 
pier.  Men  will  be  stationed  in  them  to  regu- 
late the  weaving  of  the  great  cables.  In  the 
construction  of  the  cables  the  wire  will  be  first 
oiled  while  in  the  coils  with  one  coat  of  raw 
and  two  coats  of  boiled  linseed  oil,  by  immers- 
ing it  in  oil  and  then  hanging  it  to  dry  in  the 
open  air.  The  splices  will  be  made  to  sustain 
a  greater  weight  than  the  sound  wire.  Thirty- 
two  wooden  drums  are  on  the  Brooklyn  an- 
chorage, to  hold  the  wires,  each  seven  feet  in 
diameter,  sixteen  inches  wide  in  the  clear,  with 


and  forces  the  machine  along  by  its  screw-like 
|  motion  a  distance  equal  to  the  thickness  of  the 
wire  with  every  revolution,  while  by  the  turn 
around  the  little  roller  on  one  end  of  the  arm 
|  the  proper  tension  is  maintained.     The  clamps 
j  are  moved  along  the  cable  in  advance  of  the 
wrapper,  so  as  to  keep  the  wires  in  their  true 
I  position  and  form.     From  the  cable  is  hung  a 
j  "carriage"  moving  upon  grooved  wheels,  in 
which  the  men  stand  while  working  the  ma- 
chine. 

The  point  where  all  of  the  cables  are  made 
i  fast  to  the  anchor  chains  is  a  short  distance 
|  back  of  the  face  of  the  anchorage  piers.  They 
I  are  compressed  by  the  means  of  a  permanent 
I  clamp  at  this  point,  and  the  spiral  wrapping 
|  brought  to  the  clamp.  When  all  the  rest  of 
the  work  is  completed,  the  ends  of  the  cables, 


rims  eight  inches  deep.  They  are  fitted  with  anchor  chains,  etc.,  will  be  entirely  surround- 
short  handles,  by  which  to  turn  them,  and  !  ed  with  and  built  up  in  the  masonry  yet  to  be 
hung  on  horizontal  iron  shafts.  Each  drum,  \  done.  "When  the  cables  have  been  finished, 
when  full,  will  hold  one  ton  of  wire.     Running  j  wrought  iron  bands  will  next  be  put  around 


out  the  wires  is  the  next  step,  and  men  are 
stationed  on  the  cradles  to  regulate  it.  The 
traveler  carries  the  two  wires  across  the  river, 
and  the  motion  is  then  reversed,  carrying  two 
more  wires  back  from  another  drum ;  weaving 
strands  of  the  cable.  Iron  saddles  are  placed 
upon  the  towers  -to  hold  the  cables,  which  will 
be  made  in  strands  of  convenient  size,  nineteen 
in  all.  When  a  strand  is  finished  temporary 
wrappings  of  wire  will  be  put  on  at  intervals 
of  sixteen  or  eighteen  inches,  to  prevent  the 
wire  from  being  displaced  by  the  wind,  and 
the  strand  will  be  lowered  to  its  place  in  the 
saddle  and  another  commenced.  The  wires  of 
each  strand,  while  it  is  being  made,  rest  on 
rollers  above  the  groove  in  the  saddle.  The 
reasons  for  making  the  cables  in  strands  at  this 
greater  elevation  and  greater  tension  are  that 
any  great  imperfection  in  the  wire  will  be  re- 
vealed by  the  increased  strain  ;  the  wind  will 
have  less  effect,  not  causing  it  to  sway;  and 
the  separation  into  strands  enables  the  work- 
men to  manage  it  better.  The  traveler  makes 
about  165  round  trips  for  each  cable,  laying 
two  wires  at  a  time,  which  makes  330  wires  for 
a  strand  and  6,270  for  a  cable. 

When  all  the  requisite  wires  for  a  strand 
have  been  laid  side  by  side,  and  as  nearly  in  a 
round  form  as  possible,  and  temporarily  wrap- 
ped, the  strand  will  be  lowered  to  its  proper 
deflection  by  bringing  the  "shoes"  at  each  end 
forward  and  attaching  them  permanently  to 
the  anchor  chains.  The  operation  will  be  di- 
rected by  signals  made  with  small  flags.    When 


them,  to  which   the   suspenders  are  fastened 
which  hold  up  the  floor. — Railway  Review. 


An    Oil 
Long. 


Pipe  Three  Hundred  Miles 
-The  Pennsylvania  Transportation 
Company,  of  which  Mr.  Henry  Harley  is  presi- 
dent, has  been  chartered  by  the  State  of  Penn- 
sylvania for  the  purpose  of  transporting  oil 
from  the  oil  regions  to  the  principal  Atlantic 
seaboard  cities.  The  plan  proposed  is  to  run 
the  oil  through  a  four  inch  pipe  laid  on  the 
surface;  the  forcing  power  will  be  900  lbs.  to 
the  square  inch;  there  are  to  be  stations  at 
distances  of  fifteen  miles,  at  each  end  of  which 
an  engine  of  100-horse  power  will  be  erected 
to  work  a  pump  to  continue  the  flow  from 
point  to  point.  The  company  having  decided 
upon  the  construction  of  the  work,  the  presi- 
dent sought  the  services  of  General  Herman 
Haupt  He  pronounced  the  scheme,  after  a 
thorough  examination,  to  be  entirely  practica- 
ble, and  is  now  acting  as  engineer-in-chief. 
In  view  of  the  enormous  product  of  oil  in  this 
country — 30,000  barrels  per  day — and  the  rank 
it  now  holds  among  the  leading  articles  of  ex- 
port, coupled  with  the  exorbitant  charges  for 
railroad  carriage  from  the  wells  to  the  seaboard, 
by  the  completion  of  the  enterprise  and  its  suc- 
cessful operation  a  complete  revolution  will  be 
accomplished  in  the  handling  of  this  article. 
As  a  proof  of  how  valuable  this  traffic  has 
been  to  the  several  railroads  over  which  the  oil 
has  been  borne,  it  is  only  necessary  to  say  that 
up  to  the  present   time  the  railroad  charges 


all  the  strands  are  finished  and  lowered  to  their  |  aggregate  $79,000,000.     The  minimum  cost  of 
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transporting  oil  by  rail  is  50  cents  per  barrel, 
and  the  minimum  cost  by  the  pipe  process  is 
16  cents.  The  average  charge  by  rail  is 
|1.25. 

The  estimated  cost  of  the  entire  work,  in- 
cluding fixtures,  etc.,  is  $1,250,000;  and  con- 
sidering the  difference  in  cost  between  this 
method  and  that  by  rail,  upon  the  hypothesis 
that  the  company  will  discount  at  least  25  cents 
a  barrel  on  rail  rates,  it  will  readily  be  seen 
that,  with  all  the  expenses  of  operating,  the 
first  year's  earnings  will  pay  the  first  cost  of 
the  work.  The  Pennsylvania  Company  is  the 
parent  company,  but  there  is  also  the  Balti- 
more Transportation  Company,  chartered  by 
the  State  of  Maryland,  and  some  five  other 
compaoies  are  expecting  to  unite.  The  first 
objective  point  or  terminus  will  be  Baltimore, 
as  being  the  most  feasible  and  direct  route  for 
the  pipes.  Following  which  other  termini 
will  be  established  in  Philadelphia,  New  York, 
etc. 

The  pipes  being  laid  on  the  surface,  and 
there  being  no  obstacle  in  the  way  of  forcing 
the  oil  to  any  height,  the  line  will  literally  be 
an  air  line,  .and  the  distance  from  the  oil 
regions  to  Baltimore  is  300  miles.  The  oil  will 
be  distributed  from  the  pipes  into  immense 
reservoirs,  with  refining  establishments  adja- 
cent. Of  course  the  whole  railroad  system 
will  oppose  it,  for  it  is  taking  from  them  a  traf- 
fic from  the  very  nature  of  which  there  could 
be  no  competition ;  but  the  advantage  to  the 
oil  producers,  who  will  have  the  entire  control, 
will  be  immense,  and  the  advantages  which 
will  accrue  from  such  facilities  to  this  import- 
ant branch  of  our  export  commerce  will  be  in- 
calculable. 

The  feasibility  of  this  enterprize,  so  far  as 
the  passage  of  the  oil  through  pipes  is  concern- 
ed, has  been  fully  established  by  the  present 
system  in  operation  in  the  oil  regions,  where 
the  aggregate  length  of  the  pipes  conveying 
the  oil  from  the  several  wells  to  the  reservoirs 
is  nearly  250  miles. — Boston  Traveler. 

[This  method  of  transporting  oil  was  origi- 
nally suggested  in  this  Magazine,  in  a  series  of 
articles  on  "Petroleum,"  contributed  by  Mr. 
Henry  E.  Wrigley,  in  1872.  This  particular 
subject  of  transportation  was  discussed  in  the 
last  of  the  series,  published  in  the  November 
number  of  that  year.  ] 


ORDNANCE  AND  NAVAL. 

The  Ironclads  of  European  Powers. —The 
recent  discussion  in  the  House  on  the  sub- 
ject of  our  own  ironclad  ships  and  those  of 
other  naval  Powers  has  supplied  the  public 
with  authentic  information  of  a  very  interest- 
ing character  at  the  present  time.  But  the 
facts  have  presented  some  confusion  owing  to 
the  circumstance  that  Mr.  Reed,  Mr.  Goschen, 
Sir  J.  Hay,  and  Mr.  Hunt,  all  reckoned  up  our 
ships  on  different  principles,  so  that  we  are 
left  in  uncertainty  as  to  whether  we  ourselves 
have  twelve  available  ships,  as  stated  by  Mr. 
Reed,  or  twenty -nine,  as  enumerated  by  Mr. 
Hunt.  The  following  account  of  our  own  fleet 
of  armor-clad  vessels  may  make  the  matter 
clear.     We  have  certain  powerful  ships  which 


are  not  completed,  and  are  therefore  not  im- 
mediately   available.       Of    these,    Mr.    Reed 
counted  three,  as  likely  to  be  shortly  ready, 
the  Dreadnought,    Shannon,  and  Alexandra. 
The  first  named  is  to  carry  fourteen  inches  of 
armor.      For  immediate  purposes,   however, 
they  must  be  thrown  out  of  reckoning,  and  are 
only  here  mentioned  to  show  that  we  are  treat- 
ing our  own  fleet  in  the  same  way  as  those  of 
foreign  Powers.    To  come  then  to  the  immedi- 
ately   available    ships.     We  have    the  turret 
ships    Devastation,  Thunderer,    and  Glatton, 
carrying  fourteen  inch  and  twelve  inch  armor 
plates,  and  thirty  and  thirty-five  ton  guns,  and 
the    Cyclops,    Gorgon,    Hecate,    and  Hydra, 
carrying  eight  inches  of  armor  and  eighteen-ton 
guns.     Of  these,  Mr.  Reed  counted  only  the 
Devastation  and  Thunderer  as    being  really 
sea-going  ships.     At  the  same  time  there  is  lit- 
tle doubt  that  the  remaining  vessels  which  are 
of  the  Monitor  class  might  be  taken,  as  Mr. 
Samuda  and  Mr.  Goschen  pointed  out,  to  the 
Mediterranean  ;  and  Mr.  Reed  himself  counted 
vessels  of  a  somewhat  similar  character  in  the 
available  line  of  Turkish  ships.     Next  may  be 
enumerated  the  Hotspur  and  Rupert    rams, 
with  twenty-five  and  eighteen  ton  guns  re- 
spectively,  and  armor  ranging    from  twelve 
inches  to    eight    inches    in   thickness.     Both 
these  are  omitted  by  Mr.  Reed,  and  counted 
by  Mr.  Samuda  and  Mr.  Goschen  as  undoubt- 
edly available.    The  Hercules  and  Sultan  come 
next,  carrying  eighteen  ton  guns,   and  nine 
inches  to  six  inches  of  armor  ;  and  the  Mon- 
arch, turret  ship,  with  twenty-five  and  twelve 
ton  guns  and  seven  inches  of  armor.     These 
are  thorough  sea-going  ships,  and  unimpeacha- 
ble in  all  respects.      The  Bellerophon  class 
may  be  taken  next  in  order,  consisting  of  the 
Bellerophon,  Penelope,  Invincible,  Audacious, 
Iron  Duke,    Swiftsure,   and  Triumph.     They 
carry    generally    twelve    ton    guns    and  six 
inches  of  armor.     Some  of  these  were  included 
in  Mr.  Reed's  list,   but  not  all.      After  these 
might    come    the    Warrior,     Black    Prince, 
Achilles,  Defence,  Resistance,  Hector,  Valiant, 
and  Prince  Albert,  carrying  chiefly  nine  ton 
guns  and  four  and  a  half  inches  of  armor  ;  and 
the    Minotaur,   Agincourt,   and  Northumber- 
land, with  twelve  and  nine  ton  guns  and  five 
and  a  half  inch  plates.     In  addition  to  these 
there    are    the    wood-built    iron-plated    ships 
Lord  Warden,  Royal  Sovereign,  Royal  Alfred, 
and  Repulse,  with  twelve  and  nine  ton  guns, 
and  from  six  inches  to  four  and  a  half  inches 
of  armor.     The  three  last  classes  were   not 
reckoned  by  Mr.  Reed,  either  because  he  con- 
sidered the  guns  too  light,  or  because  portions 
were  unarmoured — as  in  the  Warrior — or  the 
vessel  too  long  to  be  manageable,  as  in  the  case 
of  the  Minotaur  class.     Mr.  Goschen  and  Mr. 
Samuda,  however,  again  disagree  with  him. 
Lastly  come  some  vessels  with  four  and  a  half 
inches  of  armor,  as  the  Royal  Oak,  the  Re- 
search, Pallas,  and  Favorite,  wood-built,  and 
Viper,     Vixen,    Waterwitch,    Scorpion,     and 
Wyvern,   iron  built,  which  are  still  on  our 
books,  but  not  reckoned  by  any  one.     Of  iron- 
clad ships,  then,  the  navy  list  contains  forty- 
three  of  all  classes,  now  available  ;  and  in  dis- 
carding any  from  our    reckoning,   we  must 
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bear  in  mind  that  the  ships  we  throw  out  are 
only  to  be  regarded  as  unfitted  to  cope  with 
average  modern  ironclads,  but  still  as  more 
than  a  match  for  wooden  ships,  unless  the  lat- 
ter carried  specially  heavy  guns.  Further, 
there  are  two  causes  that  make  it  questionable 
how  far  ships  are  to  be  thrown  out  for  insuffi- 
cient thickness  of  armor  :  one,  the  circum- 
stance that  if  a  ship  can  fire  so  obliquely  as  to 
engage  with  her  side  inclined  at  an  angle  to 
her  adversary  beyond  the  glancing  angle  of 
shot  it  is  a  great  question  whether  she  would 
not  be  sufficiently  protected  by  even  very  thin 
armor,  and  the  other  the  fact  that  the  vessel  is 
unlikely  to  be  identified  by-  the  enemy,  and 
therefore  any  specially  weak  places,  like  those 
of  the  Warrior,  might  easily  escape  being 
struck,  for  they  are  not  the  parts  that  would 
ordinarily  be  aimed  at.  The  above  list,  how- 
ever, may  be  treated  according  to  individual 
judgment ;  but  if  cut  down  to  twelve  in  num- 
ber, with  Mr.  Reed,  it  is  to  be  remembered 
that  there  remain,  left  behind  on  our  coasts,  all 
the  most  powerful  turret  vessels  and  rams  in 
our  fleet. 

The  French  fleet,  as  enumerated  by  Mr. 
Reed,  consists  of  three  vessels  with  eight  and 
a  half  inches  armor  and  twenty-one  ton  guns  ; 
three  with  twenty-one  ton  guns  and  seven 
inches  armor  ;  and  three  more  with  seven-three- 
quarter  inches,  six  inches,  and  five  inches 
armor  and  fourteen  ton  guns  ;  and  three  with 
eight  ton  guns  and  six  inches  armor.  On  Mr. 
Reed's  principle  of  reckoning,  however,  there 
are  included  among  these  some  unfinished 
vessels,  while,  doubtless,  the  Solferino  and 
Magenta  class  are  thrown  out.  He  mentions 
no  names,' but,  of  course,  the  Flandre,  Belier, 
Marengo,  and  Taureau  are  included.  Consid- 
ering the  large  number  of  ironclad  vessels  that 
were  built  long  since  by  the  French,  we  may 
conclude  that  their  fleet  is  curtailed  in  nearly 
the  same  ratio  as  our  own  if  the  newest  and 
most  powerful  only  be  reckoned.  Speaking 
generally,  if  a  comparison  be  made  between 
our  own  ironclads  and  those  of  the  French,  an 
inch  must  be  added  to  our  armor,  because  our 
ships  have  interior  skins  of  from  one  and  a 
half  inches  to  five  eighth  inches  thick,  which 
the  French  ships  do  not  possess,  to  say  nothing 
of  the  advantages  in  our  mode  of  attachment 
of  armor  plates. 

Of  the  Russian  fleet,  Mr.  Reed  reckons  only 
five  iron-clad  sea-going  ships  as  available  by 
the  end  of  the  present  year  ;  but  the  Great 
Peter  is  not  yet  finished,  and  the  Russian  fleet 
at  present  available  must  chiefly  consist  of  the 
vessels  he  throws  out  of  the  category  of  modern 
sea-going  ironclads,  either  on  account  of  im- 
perfections in  armor,  or  because  they  are  chief- 
ly intended  for  coast  work,  though  probably 
the  Novgorod  and  Admiral  Popoff,  with 
twenty-eight  and  forty-ton  guns  and  eleven 
inches  and  eight  inches  armor  respectively — 
the  latter,  we  believe,  is  not  finished— are  in- 
cluded by  him. 

The  Turkish  fleet  appears  to  be  more  power- 
ful than  is  generally  supposed.  It  consists  of 
one  ship  carrying  eighteen  ton  guns  and  twelve 
inches  armor  ;  four  with  twelve  ton  guns  and 
five  and  a  half  inches  armor:  two  smaller  ones 


with  twelve  ton  guns  and  nine  inches  armor  ; 
and  lastly,  two  with  twelve  ton  guns 'and  seven 
inches  armor,  besides  several  smaller  vessels 
each  carrying  a  single  twelve  ton  gun.  Ger- 
many has  six  sea-going  ironclads,  and  two 
building.  Of  these  Mr.  Reed  says  nothing. 
Probably  the  Konig  Wilhelm,  with  eight 
inches  of  armor  and  ten  inches  backing,  with 
one  and  a-half  inches  skin,  is  one  of  the  most 
powerful.  The  Austrians  have  somewhat 
similar  vessels  in  the  Custozza,  with  nine  inches 
of  armor,  and  the  Archduke  Albrecht,  with 
eight  inches.  Denmark  we  know  to  have 
nearly  similar  vessels.  The  powerful  vessels 
ordered  by  Italy  will  not  be  completed  for  a 
long  time.  Her  present  fleet  consists  of  four 
ships  carrying  twelve  and  a  half  ton  guns  and 
five  inches  of  armor,  together  with  older  and 
inferior  vessels.  Mr.  Reed  estimates  the  vari- 
ous fleets  in  thousands  of  tons  as  follows  : 
France,  84 ;  Turkey,  59 ;  Germany,  53  ;  Italy, 
37  ;  Austria,  35 ;  and  Russia,  29.  Mr.  Hunt 
estimated  our  strength  compared  with  that  of 
France  as  100  to  75. 

Any  estimate  of  this  kind  is  difficult,  and 
likely  to  be  very  arbitrary.  Clearly,  a  fleet 
which  possesses  one  or  two  ships  with  more 
powerful  guns  and  much  thicker  armor  than 
any  of  the  enemy  possesses  a  great  advantage, 
but  who  is  to  say  exactly  what  weight  to  at- 
tach to  it  ?  Speaking  generally,  the  feature 
which  is  most  surprising  is  the  apparent  weak- 
ness of  Russia  and  the  strength  of  Turkey  on 
the  sea. 

BOOK  NOTICES. 

Filth  Diseases  and  their  Prevention. 
By  John  Simon,  M.  D.,  F.  R.  C.  S.  First 
American  Edition.  Boston  :  James  Campbell. 
For  sale  by  D.  Van  Nostrand.     Price  $1 .  00. 

This  work  is  well  timed  ;  the  public  mind  is 
in  condition  to  reeeive  instruction  in  sanitary 
science,  and  the  text  book  before  us  bears  the 
stamp  of  competent  authority.  It  has  been 
written  by  "the  Chief  Medical  Officer  of  the 
Privy  Council  and  of  the  Local  Government 
Board  of  Great  Britain,"  and  is  published  in 
this  country  under  the  direction  of  the  State 
Board  of  Health  of  Massachusetts.  These 
gentlemen  urge  public  attention  to  this  essay  in 
the  following  terms  : 

"If  the  practical  suggestions  made  therein 
were  acted  on  by  all  citizens,  hundreds  of  lives 
now  annually  doomed  to  destruction  would  be 
saved,  and  the  health  and  comfort  of  the 
people  greatly  increased." 

Lessons  in  Elementary  Mechanics.  By 
Philip  Maonus,  B.  A.  With  emenda- 
tions and  introduction  by  Prof.  De  Volson 
Wood.  New  York  :  John  Wiley  &  Son.  For 
sale  by  D.  Van  Nostrand.     Price  $1 .50. 

We  had  occasion,  some  months  since,  to  no- 
tice the  English  edition  of  this  little  book.  The 
American  edition,  with  the  indorsement  of  the 
author's  method  by  Prof.  Wood,  is  before  us. 
The  difference  between  the  English  book  and 
its  American  reprint,  is  just  that  difference  in 
mechanical  execution  which  is  generally  found 
in  comparing  .the  scientific  text-books  of  the 
two  countries. 
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The  "emendations"  by  Prof.  Wood  are  not 
numerous;  indeed,  they  are  hard  to  rind. 

The  recommendation  by  the  Professor  in  his 
preface  is  valuable,  and  will  aid  in  insuring  a 
widespread  use  of  the  book  which  it  certainly 
deserves. 

INTRODUCTION  TO  THE  STUDY  OF  CHEMICAL 
Philosophy.  By  William  A.  Tilden, 
F.  C.  S.  New  York:  D.  Appleton  &  Co.  For 
sale  by  D.  Van  Nostrand.     Price  $1 .  50. 

This  is  the  latest  addition  to  the  list  of  Text- 
Books  of  Science,  and  is  no  less  valuable  than 
its  predecessors.  It  is  the  most  compact  treat- 
ise on  this  subject  with  which  we  are  acquaint- 
ed ;  and  as  it  is  the  latest  contribution  to 
chemical  literature  from  a  competent  authori- 
ty, it  bears  another  recommendation  to  the 
student,  which,  in  these  times,  he  will  not  fail 
to  recognize. 

The  problems  for  solution  are  numerous  and 
excellent.  We  have,  however,  been  accustom- 
ed to  find  in  our  old  works  more  space  given 
to  Combustion  and  to  Electrolysis  than  is  af- 
forded in  this.  On  the  other  hand,  the  subjects 
of  Isomerism  and  Dissociation  are  extended 
much  beyond  the  limits  heretofore  assigned  to 
them  in  books  of  this  grade.  Whether  this 
work  replaces  those  now  in  use  or  not  as  a 
class  text-book,  it  will  prove  indispensable  to 
the  teacher. 

The  Intercolonial  :  A  Historical  Sketch  of 
the  Inception,  Location,  Construction,  and 
Completion  of  the  Line  of  Railway  uniting 
the  Inland  and  Atlantic  Provinces  of  Dominion 
of  Canada.  With  maps  and  numerous  illustra- 
tions. By  Sandford  Fleming,  C.  E.  Mon- 
treal :  Dawson  Brothers.  For  sale  by  D.  Van 
Nostrand.     Price  $3 .  50. 

The  scope  of  this  work  is  fully  set  forth  in 
the  above  title.  The  author  was  the  engineer- 
in-chief  of  the  railway,  and  was  consequently 
professionally  interested  in  the  compilation  of 
the  statistical  information  afforded  to  the 
reader. 

The  book  has  been  made  valuable  to  others 
than  engineers.  The  topography  and  geology 
of  the  entire  district  is  minutely  described, 
with  an  abundance  of  maps  and  pictures  rare- 
ly seen  even  in  books  of  travel. 

To  the  engineer  the  book  possesses  the  value 
naturally  inherent  in  all  carefully  described 
plans  of  the  prominent  workers  in  the  pro- 
fession. 

The  volume  is  made  attractive  by  its  binding 
and  typography,  as  well  as  by  the  number  and 
excellence  of  its  photo-lithographic  illustra- 
tions. 

Field  Geology.  By  W.  Henry  Penning, 
F.  G.  S.  London  :  Bailliere,  Tindall  & 
Cox.  For  sale  by  Van  Nostrand.  Price  $3 .  75. 
It  is  explained  by  the  author  in  the  preface 
to  this  little  practical  treatise,  that  the  original 
plan  was  to  publish  a  few  plain  instructions 
for  making  surveys  of  the  surface  geology  and 
establishing  boundary  lines,  but  finding  the  con- 
nection between  this  work  and  tracing  forma- 
tions below  the  surface  so  intimate,  he  expand- 
ed the  book  beyond  its  original  dimensions; 
and  he  adds  :  "  There  are  so  many  subjects  of 


which  a  knowledge  is  an  advantage  in  geologi- 
cal surveying,  that  it  is  difficult  to  say  what 
ought  not  to  be  included  in  a  book  on  Field 
Geology." 

Our  examination  leads  us  to  believe  that  the 
author  could  do  very  much  better  if  he  should 
try  again.  As  the  work  stands  now,  it  affords 
good  suggestions  to  those  who  are  experienced 
field  surveyors  already,  but  is  of  little  or  no 
use  to  others.  The  detailed  description  of  field 
operations  might,  therefore,  have  been  omitted. 

The  chapter  on  Lithology,  although  contain- 
ing many  good  suggestions,  would  afford  but 
little  valuable  aid  to  a  learner  in  the  determina- 
tion of  common  rocks. 

Forty  pages  are  occupied  with  a  list  of  fos- 
sils with  no  word  of  description,  but  arranged 
alphabetically,  and  its  geological  position  given, 
"so  that,"  the  author  remarks,  "if  a  fossil  be 
known,  the  approximate  (if  not  exact)  geologi- 
cal position  of  the  rock  from  which  it  was  de- 
rived can  readily  be  determined. "  It  will  oc- 
cur at  once  to  the  learner,  that  as  he  must  at 
any  rate  go  to  the  works  on  Paleontology  to 
identify  a  fossil,  and  then  such  works  invaria- 
bly give  the  locality  of  the  fossil,  the  space  de- 
voted to  the  bare  list  might  have  been  spared 
in  this  little  volume. 

Still  the  book  is  of  considerable  value  for 
the  suggestions  it  affords  in  regard  to  the  ob- 
jects to  be  accomplished.  It  is  deficient  in  its 
teaching  how  to  go  to  work.  The  author  is, 
doubtless,  an  experienced  geologist,  but  he  is 
not  an  efficient  instructor. 

The  Ethics  of  Benedict  de  Spinoza.  From 
the  Latin,  with  an  Introductory  Sketch  of 
his  Life  and  Writings.  New  York  :  D.  Van 
Nostrand.     Price  $3.50. 

This  is  the  first  translation  of  Spinoza's 
works  that  has  been  published  in  this  country. 
To  readers  that  delight  in  so  abstruse  a  sub- 
ject, and,  at  the  same  time,  lean  favorably 
towards  the  geometrical  methods  of  reasoning, 
may  here  find  an  enjoyable  treat. 

The  system  is  developed  strictly  after  the 
method  of  geometry,  in  numbered  propositions, 
and  divided  into  five  parts,  as  follows  : 

Part  I.  Of  God;  Part  II.  Of  the  Nature  and 
Origin  of  the  Soul ;  Part  III.  Of  the  Origin 
and  Nature  of  the  Affections  or  Passions;  Part 
IV.  Of  Man's  Slavery  or  the  Force  of  the  Pas- 
sions ;  Part  V.  Of  Man's  Freedom  or  the 
Power  of  the  Understanding. 

An  exceedingly  well  printed  volume  of  376 
pages. 


MISCELLANEOUS. 

Wooden  Dowels.— In  the  ancient  Egyptian 
temples,  stones  have  been  found  tied  to- 
gether by  a  kind  of  dowel  of  wood  on  their 
upper  surfaces,  and  these  wooden  ties,  of  dove- 
tail form,  were  inserted  about  an  inch  deep. 
Some  of  these  have  been  found  quite  sound  in 
temples  known  to  be  at  least  four  thousand 
years  old.  The  ties  are  said  to  be  the  tamarisk 
or  Shittim  wood,  of  which  the  ark  was  con- 
structed, and  which  was  a  sacred  tree  in  ancient 
Egypt,  though  now  very  rarely  found. 
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THE    SOONKESALA    CANAL. 

By  JOHN  HERBERT  LATHAM,  M.A.,  C.E. 
Proceedings  of  the  Institution  of  Civil  Engineers. 


I. 


The  object  of  this  paper  is  to  give  a 
general  description  of  the  canal  between 
Soonkesala  and  Cuddapah,  recently  con- 
structed for  irrigation  and  navigation  by 
the  Madras  Irrigation  and  Canal  Com- 
pany; and  also  to  direct  particular  atten- 
tion to  the  mode  of  safely  constructing 
high  banks  for  canals  or  tanks,  illustrated 
by  that  work. 

It  seems  not  to  admit  of  doubt,  that 
the  countries  possessing  the  greatest 
powers  of  production  are  those  in  which 
the  yearly  rainfall  is  concentrated  into  a 
few  months;  as  it  is  certainly  beyond 
doubt  that  the  innate  resources  Of  such 
countries  are  up  to  this  time  the  least 
developed.  Settled  warm  weather  is  the 
safest  for  crops  at  every  stage  of  their 
sprouting,  growth,  and  ripening  ;  and, 
not  only  in  England  but  in  India,  it  is 
found  that  crops  grown  during  uncertain 
weather,  as  all  unirrigated  crops  must 
be,  are  nearly  as  often  and  as  severely 
injured  by  rains  or  floods  as  by  drought. 
Egypt,  as  far  back  as  history  exists,  has 
been  a  country  of  settled  weather,  and 
also  notorious  for  its  fertility;  yet  that 
country,  even  as  far  as  irrigation  has 
gone,  can  scarcely  be  called  more  than 
half  developed.  To  fully  develop  the 
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productive  powers  of  land  three  things 
are  needed:  first,  settled  weather,  which 
art  cannot  give  nor  control,  and  can  only 
turn  to  account ;  secondly,  irrigation, 
which  must  be  controlled  by  art,  though 
a  supply  must  exist  upon  which  art  may 
operate;  and,  lastly,  manure.  When  it 
is  considered  that  good  land,  under  con- 
stant cultivation  in  a  settled  climate, 
may  utilize  a  ton  of  guano  an  acre  a 
year,  besides  more  bulky  and  less  potent 
manures,  it  is  impossible  not  to  think 
what  a  population  the  world  is  capable 
of  supporting,  and  how  unnecessary  it 
is  that  so  many  mouths  in  the  most  in- 
dustrious nations  are  insufficiently  filled. 

From  time  immemorial  the  native  in- 
habitants of  the  Madras  Presidency  have 
spent  large  sums  in  the  construction  and 
management  of  undertakings  having  for 
their  object  the  application  of  water 
to  irrigate  fields  and  gardens.  The  only 
native  engineering  buildings  in  the  coun- 
try consist  of  works  of  irrigation,  forti- 
fication, religious  worship,  and  shelter 
for  travelers;  and  of  these,  in  magnitude 
and  importance,  works  of  irrigation  rank 
the  first.  These  have  been  of  three  chief 
kinds,  viz. : 

I.  Wells,  which    are   generally   large 
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square  pits  lined  with  stone,  from  which 
water  is  raised  by  simple  machinery  and 
delivered  on  to  the  fields. 

II.  Tanks  or  reservoirs,  which  are  filled 
by  rain-water,  and  from  which  the  water 
flows  through  sluices  on  to  the  fields. 

III.  River  channels,  of  which  the  canal 
under  review  is  one.  These  are  the  most 
prized  of  all  the  methods,  and  are  stated 
to  give  twenty-five  per  cent,  more  crop 
per  acre  than  either  wells  or  tanks.  In 
some  few  cases  tanks  were  supplied  from 
river  channels,  as  at  Nundloor,  Nellore, 
&c. 

River  channels  were  constructed  for 
turning  the  water  of  rivers  on  to  the 
fields  in  such  a  way  that  a  nearly  constant 
supply  should  flow  down  them,  whenever 
floods  should  come  down  the  river.  Un- 
less so  constructed  they  required  to  be 
annually  closed,  near  their  entrance  or 
offtake  from  the  river,  by  a  bank;  for 
head  sluices  were  rarely  made.  The 
first  object,  viz.,  an  offtake  of  constant 
supply,  is  accomplished  in  various  ways. 
If  the  river  bed  be  a  broad  ill-defined 
one  of  deep  sand,  channels  are  cut  paral- 
lel to  the  river  along  its  margin,  having 
their  bed  lower  than  the  summer  level 
of  the  water  in  the  sandy  river  bed,  the 
spoil  being  thrown  towards  the  river  to 
make  a  flood  bank,  and  prevent  the  river 
floods  flowing  into  the  channel.  The  up- 
stream end  of  this  flood  bank  would  abut 
upon  any  natural  sandhill  or  other  emi- 
nence. After  running  down  a  mile  or 
two,  the  channel  is  given  a  less  fall  than 
the  river,  and  is  gradually  brought  out 
of  the  river  bed.  Such  channels  flow  by 
filtration,  whether  the  river  be  quite  dry 
or  in  full  fresh.  They  are  numerous  on 
the  rivers  Cheyer  and  Chittrawutty.  On 
the  other  hand,  if  the  river  bed  be  rock, 
a  constant  offtake  may  be  secured  by 
carrying  a  rough  weir  of  loose  stones 
across  the  rocky  bed  of  the  river,  and 
returning  it  downwards  under  each  bank 
in  the  margin  of  the  river  bed,  until  out 
of  the  reach  of  floods;  as  at  Hoossoor, 
Darojee,  &c.  The  upper  side  of  each 
return  forms  the  inside  of  the  channel, 
and  is  well  lined  with  earth  and  vegeta- 
tion. The  weir  and  returns  have  their 
crests  all  at  the  same  level;  and  the 
channel  runs  with  a  slight  fall  from  the 
ends  of  each  return. 

Where  the  formation  of  the  ground 


is  such  that  a  channel  of  the  former  sort 
in  a  sandy  river  would  be  carried  away 
yearly,  the  side  channel  is  abandoned, 
and  the  offtake  channel  requires  to  be 
banked  across  its  mouth  yearly  to  pre- 
vent the  floods  running  down  it  and  do- 
ing damage.  This  can  be  conveniently 
done  at  the  close  of  the  dry  season;  and 
when  the  rains  are  over  and  irrigation  is 
needed,  the  entrance  is  cleared  and  a 
catch  bank  of  sand  is  constructed  in  the 
river  bed  to  divert  the  water  of  the  river 
into  the  channel.  This  catch  bank  is  run 
farther  and  farther  out  upward  across 
the  stream  as  the  river  falls,  and  at  an 
angle  of  about  30°  with  the  direction  of 
the  stream,  so  as  to  keep  the  supply  to 
the  channel  constant,  until  the  bank  may 
perhaps  extend  right  across  the  river. 
Similarly,  where  the  formation  of  the 
ground  is  such  that  a  weir  in  a  rocky 
river  cannot  be  returned  along  the  rocky 
river  bank,  the  channel  has  been  run  di- 
rectly from  the  end  of  the  weir  and  at 
once  completely  banked  off  from  the 
river.  The  case  or  cases  of  head  sluices 
being  built  to  such  channels  before  the 
English  rule  are  so  few  that  it  can  be 
hardly  called  Hindoo  practice  to  build 
them  at  all,  so  far  as  the  author's  per- 
sonal experience  goes.  To  prevent  ex- 
cessive damage  from  the  river  floods,  the 
entrances  of  such  channels  are  generally 
cut  very  narrow,  and,  if  possible,  in  solid 
rock ;  and  numerous  waste  weirs  are 
placed  along  the  channel  in  the  course 
of  the  first  mile  or  two  in  order  to  get 
rid  of  the  surplus  water  poured  in  by 
floods  through  this  narrow  entrance. 

English  engineers  soon  adopted  the 
rule  of  placing  head  sluices  across  all 
river  channels  at  or  near  their  entrance. 
They  also  extended  the  use  of  weirs  to 
sandy  rivers  as  well  as  to  rocky  ones,  as 
more  effective  than  the  annual  bank  of 
sand.  Scouring  sluices  were  inserted 
(not  always  judiciously)  in  the  weirs,  to 
keep  down  the  silt  in  the  pond  above 
them,  and  to  clear  the  face  of  the  head 
sluices  of  the  channels  led  off  from  the 
pond.  These  scouring  sluices  are  invaria- 
bly in  Madras  called  "  undersluices," 
whether  in  the  weir  or  not,  though,  in  the 
latter  case,  no  water  goes  over  them.  In- 
deed, none  of  the  so-called  "undersluices  " 
of  the  Madras  Irrigation  and  Canal  Com- 
pany are  strictly  undersluices,  but  they 
are    merely   low-level    scouring   sluices 
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built  at  the  end  of  the  weir,  and  gener- 
ally in  a  line  with  it. 

By  great  energy  some  of  the  engineers 
of  the  Madras  army  induced  the  Madras 
Government  tentatively  to  adopt  these 
innovations  in  situations  admirably 
chosen  for  the  trial;  and  weirs  were  con- 
structed at  the  head  of  all  the  consider- 
able deltas — as  the  Cauvery,  Kristna  and 
Godavery — of  rivers  having  a  sufficient- 
ly constant  flow  to  irrigate  fields  for  one 
crop  at  least  of  rice  each  year.  The 
channels  from  these  weirs  run  along  the 
uniform  slope  of  the  delta  country,  rare- 
ly crossing  any  considerable  drainage, 
and  diverge  like  the  rays  of  a  fan  from 
each  end  of  the  weir. 

The  first  result  of  the  great  success  of 
these  innovations  was  the  extended  use 
of  similar  permanent  weirs  at  the  heads 
of  channels,  for  rivers  of  very  short  and 
uncertain  flow,  which,  instead  of  running 
to  the  fields,  run  into  a  series  of  ordi- 
nary village  tanks.  Of  such  a  kind  is 
the  Nellore  Anicut  across  the  Penner. 
By  its  means  the  floods  of  the  Penner 
are  distributed;  but,  as  in  London,  each 
householder,  so  in  Nellore,  each  village, 
irrigated  by  the  weir,  has  to  provide  and 
keep  in  repair  its  own  tank  to  receive 
and  store  the  intermittent  supply,  as  well 
as  an  escape  weir  for  the  passage  of  sur- 
plus water  to  the  next  tank  below. 
These  tanks  rarely  exceed  one  mile  in 
breadth  and  nine  feet  in  depth  of  water. 
Other  rivers  have  received,  as  the  Palar, 
&c,  or  deserve,  as  the  Soonamooky,  <fcc, 
similar  treatment. 

While  the  rebuilding  of  the  Nellore 
Anicut,  since  it  was  last  carried  away, 
was  making  progress  the  ."  Toombuddra 
project,"  for  using  the  inland  rivers  for 
irrigation,  was  adopted  by  the  Secretary 
of  State,  so  far  that  interest  was  guaran- 
teed on  £1,000,000  to  be  raised  by  the 
Madras  Irrigation  and  Canal  Company, 
towards  carrying  out  a  definite  portion 
of  that  project  for  irrigation  and  naviga- 
tion combined.  The.  objects  of  the 
Toombuddra  project,  of  which  the  Soon- 
kesala  Canal  is  a  portion,  were  two:  the 
first,  continuous  irrigation  throughout 
the  year  of  three  large  areas,  of  which 
the  largest  lies  in  the  Bellary  District, 
the  next  in  the  Koonder  Valley,  and  the 
other  in  the  Nellore  District.  The  sec- 
ond object,  apparently  necessary  to  the 
success  of  the  first,  was  a  means  of  com- 


munication by  canals,  by  which  the 
produce  of  these  areas  could  be  sent;  to 
a  market  more  cheaply  than  by  cart  or 
railway,  more  expeditiously  than  by  cart 
and  more  securely  than  by  railway.  In 
order  to  maintain  irrigation,  the  autumn 
and  winter  supply  of  the  river  Toom- 
buddra itself  was  to  be  directly  distrib- 
uted to  the  fields  over  these  areas,  and 
the  surplus  autumn  rainfall  was  to  be 
stored  in  large  tanks  near  the  sources  of 
the  Toonga  and  Budra  in  the  western 
hills,  in  sufficient  quantity  to  maintain 
the  irrigation  when  the  river  Toombud- 
dra (Toonga-Budra)  itself  failed.  Navi- 
gation could  thus  be  maintained  along 
the  line  of  irrigated  country,  either  in 
the  channel  used  for  the  distribution  of 
water  or  in  separate  canals.  Navigation 
is  particularly  suited  to  India,  both  on 
account  of  its  cheapness  and  security. 
Two  arrangements  seem  necessary  for 
security,  viz.,  that  the  goods  should  not 
be  transferred  from  one  vehicle  to  an- 
other during  the  whole  journey,  espe- 
cially where  other  similar  goods  are 
being  similarly  transferred;  and  that  the 
owner  or  his  agents  should  be  allowed 
to  accompany  the  goods  in  whatever 
vehicle  they  be  placed,  and  that  he  should 
be  able  to  do  so  in  comfort.  It  is  not 
petty  pilfering,  but  wholesale  change  of 
large  consignments  of  grain  or  cotton, 
of  which  the  Indian  merchants  express 
fears  and  relate  their  experience. 

This  Toombuddra  project  is  one  of 
great  importance,  not  only  for  India  but 
generally,  on  account  of  the  hitherto  in- 
surmountable difficulties  it  is  intended 
to  meet.  These  are  three  in  number. 
In  the  first  place,  it  proposes,  by  the 
mere  offer  of  water,  to  induce  a  vast 
population  of  ill-educated  and  poor  ryots 
or  cultivators  to  forsake  in  great  measure 
the  cultivation  of  dry  grain — the  only 
cultivation  they  know  either  by  experi- 
ence or  tradition — and  to  undertake  a 
more  expensive  and  intelligent  system  of 
agriculture.  No  doubt,  wherever  water 
has  already  been  used  from  time  imme- 
morial, as  in  the  delta  countries  or  in 
Scinde,%it  is  highly  prized;  and  addition- 
al security  or  extension  of  the  supply  is 
there  immediately  taken  advantage  of 
by  the  ryots,  if  the  terms  suit  them. 
But  in  the  parts  of  Bellary,  Kurnool, 
and  Cuddapah  proposed  to  be  supplied 
with  water  by  this  project,  it* is  not  so 
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much  the  extension,  as  the  introduction 
of  wet  cultivation  that  is  aimed  at;  not 
the  irrigation  of  dry  crops  of  corn,  as  on 
the  Ganges  and  Jumna  Canals,  but  the 
superseding  of  dry  crops  by  wet,  and 
that  without  any  of  the  compulsion  in- 
separable from  Government  works. 

A  second  difficulty  is  the  necessity  for 
the  provision  of  a  constant  supply  of 
water,  by  storing  it  in  sufficient  quantity 
for  all  the  work,  for  use  in  the  dry 
months.  For  this  purpose  it  will  be 
necessary  to  construct  tanks  or  reser- 
voirs, having  banks  as  high  as,  and 
longer  than,  any  constructed  in  historic 
times,  and  to  provide  these  reservoirs 
with  surplus  weirs  or  sluices,  which  on 
account  of  the  great  uncertainty  of  rain 
in  India,  and  the  great  range  through 
which  the  yearly  discharge  varies,  will 
need  to  be  of  extraordinary  discharging 
power. 

The  third  difficulty  lies  in  the  adverse 
character  of  the  country.  Throughout 
its  whole  length  the  Toombuddra  valley 
is  crossed  by  ridges  of  hills,  which  render 
it  difficult  to  carry  off  channels  from  the 
river.  Hence  the  canals  executed  or 
projected  by  the  Company  have  some 
very  heavy  cutting  and  banking  before 
they  can  be  led  away  from  the  river  so 
as  to  command  a  large  area  of  country. 
The  ridge  of  hills  which  crosses  the 
Kristna  valley  just  below  the  confluence 
of  the  Toombuddra  and  Kristna,  is  about 
twenty-five  miles  wide,  and  its  summits 
are  nearly  3,000  feet  high.  The  river 
passes  through  this  ridge  in  a  narrow 
and  sinuous  course,  between  high  and 
often  precipitous  banks,  for  a  distance  of 
upwafds  of  sixty  miles.  Neither  navi- 
gation nor  irrigation  could  be  carried 
through  such  an  obstruction.  Instead 
of  being  surmounted,  the  flank  of  the 
ridge  is  turned  by  a  canal  on  the  level  of 
the  watershed  dividing  the  Toombuddra 
basin  from  that  of  the  Penner,  which 
flows  into  the  sea  at  Nellore.  The  canal 
already  completed  has  its  off-take  from 
the  Toombuddra,  at  Soonkesala,  seven- 
teen miles  above  Kurnool,  and  after  a 
tortuous  course  of  seventy-five  miles,  in 
which  it  passes  over  the  river  Hindry 
and  three  other  considerable  tributaries 
of  the  Toombuddra,  at  an  average  cost 
of  £8,000  a  mile,  arrives  near  Metacon- 
dal,  at  the  watershed  between  the  river 
Boanassey,   a  tributary  of  the  Kristna, 


and  the  Kali  or  Caulee,  a  branch  of  the 
Koonder,  a  tributary  of  the  independent 
river  Penner.  There  can  hardly  exist  a 
valley  more  favorable  for  irrigation  than 
the  Koonder.  The  soil  is  good,  .the  val- 
ley broad  and  flat,  and  the  disposition  of 
the  levels,  or  slope  of  the  ground,  excel- 
lent. Indeed,  when  once  the  Metacondal 
watershed  is  passed,  irrigation  becomes 
almost  as  easy  as  it  is  from  the  weir  at 
the  head  of  a  delta  country,  and  the  cost 
of  the  canal  was,  for  the  rest  of  its 
course,  only  £2,900  a  mile. 

To  pass  on  to  a  description  of  the  canal 
itself.  The  Toombuddra  project  was 
first  brought  forward  by  Colonel  Havi- 
land,  but  it  was  not  till  1858  that  the 
Madras  Government,  on  the  report  of 
General  Sir  Arthur  Cotton,  and  other 
engineers,  selected  it  as  the  first  work 
to  be  undertaken  by  the  Madras  Irriga- 
tion and  Canal  Company.  In  1861  that 
Government  limited  the  work  of  con- 
struction under  the  guarantee  to  the 
canal  between  Soonkesala  and  Cuddapah, 
and  the  weir  at  Someshwaram;  and  in 
1866  made  terms  with  the  Company  for 
completing  the  canal  between  Kurnool 
and  Cuddapah  by  the  1st  July,  1871. 

The  character  of  the  canal  may  be 
sketched  as  follows  :  the  first  seventy- 
five  miles  is  calculated  to  carry  400,000 
cubic  yards  of  water  per  hour  at  the 
head  at  Soonkesala,  and,  after  gradually 
parting  with  about  100,000  cubic  yards 
for  irrigation,  to  convey  at  least  300,000 
cubic  yards  an  hour  through  the  Meta- 
condal cutting  at  its  other  extremity. 
There  255,000  cubic  yards  an  hour  may 
be  discharged  into  the  Kali,  and  45,000 
cubic  yards  carried  down  the  continua- 
tion of  the  canal.  Of  the  255,000  cubic 
yards  an  hour  poured  into  the  Kali,  the 
canal  is  calculated  to  take  up  100,000 
cubic  yards  at  Jutoor  and  50,000  cubic 
yards  at  Rajoli,  leaving  above  100,000 
cubic  yards  of  water  per  hour  for  the 
insignificant  irrigation  below  Cuddapah 
and  for  Nellore. 

The  canal  begins  at  Soonkesala  with  a 
wTeir,  Figs.  3  and  4,  across  the  river 
Toombuddra,  1,500  yards  in  total  length 
of  clear  over-fall,  which  is  broken  into 
two  lengths  by  an  intervening  island. 
The  weir  stands  upon  the  rocky  river 
bed,  and  is  formed  of  three  patterns, 
viz.:  1.  Of  solid  rubble  masonry  of 
gneiss,   trap   and  quartzite  boulders,  of 
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the  form  Fig.  3.  2.  Of  gravel  concrete, 
with  gneiss  rubble  facing  in  front  and 
rear,  of  the  same  section.  3.  All  recent 
portions  are  of  solid  gneiss  rubble  mason- 
ry, with  a  facing  on  the  lower  side  of 


Kurnool  limestone  ashlar,  which  averages 
f  yard  thick  where  exposed  to  concus- 
sion.    Fig.   4.     Patterns    Nos.    1    and   2 ' 

Fig 


have  a  front  and  rear  batter  of  1  in  8; 
while  No.  3  has  an  upper  batter  of  1  in 
4,  and  a  rear  face  vertical.  All  are  eight 
feet  broad  at  the  top,  and  coped  with 
dressed  limestones  one  foot  thick,  of 
which  every  alternate  one  is  a  through 
stone  eight  feet  long,  weighing  about  1^ 
tons.  The  mortar  throughout  is  of  Kur- 
nool kunkur,  except  the  joints  of  the 
coping,  which  are  of  Portland  cement. 
The  coping  is  joggled  wherever  the  ani- 
cut  (which  is  not  straight,  but  follows 
the  line  of  highest  solid  rock)  is  concave 
in  plan  on  the  up-stream  side.  No  part 
of  the  anicut  formed  on  any  of  the  above 
patterns,  either  with  or  without  the  cop- 
ing, has  ever  failed.  The  height  varies 
from  six  feet  to  twenty-six  feet,  and 
averages  about  eighteen  feet;  and  the 
highest  registered  flood  rose  7£  feet  over 
the  crest. 

From  the  pond  above  the  Soonkesala 
weir  the  water  is  admitted  into  the  canal 
by  a  head  sluice  without  any  lock.  The 
face  of  the  head  sluice  is  kept  clear  by 
the  scour  of  ten  undersluices  at  a  lower 
level  in  the  weir,  the  stream  to  which  is 
forced  against  the  front  of  the  head 
sluices  by  a  long  curvilinear  groin.  The 
minimum  cross-section  of  the  canal  for 
the  first  seventy-five  miles  has  a  ninety- 

4. 
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feet  bottom,  with  two  to  one  side  slopes. 
For  the  first  forty-five  miles  the  fall  per 
mile  is  adapted  to  secure  a  discharge  of 
400,000   cubic  yards  of  water  an  hour, 


if  requisite,  without  increasing  the  depth 
of  the  water  to  more  than  eight  feet. 
Below  the  forty-fifth  mile,  the  canal  be- 
ing in  good  soil,  and  lying  on  easy  slopes 
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with  limestone  or  shale  subsoil,  a  depth 
of  nine  feet  of  water  is  allowed.  At  the 
seventy-fifth  mile,  the  canal  passes 
through  the  watershed  between  the 
Toombuddra  and  the  Penner  rivers;  and 
thence  the  natural  water-course  becomes 
the  main  supply  channel,  under  the  suc- 
cessive names  of  the  Kali,  the  Koonder, 
and  the  Penner.  From  this  natural  main 
supply  channel  the  water  is  taken  at 
four  points,  viz.,  Lockinsula,  Jutoor, 
Rajoli,  and  Adanimayapilly,  by  the 
simple  process  of  throwing  weirs  across 
it,  with  undersluices  in  the  weirs  to  keep 
down  the  silt,  and  head  sluices  across 
the  channel  to  control  the  supply  and 
entrance  locks. 

The  first  branch  irrigating  channel 
forms  the  main  canal  from  the  seventy- 
fifth  to  the  ninety-fifth  mile.  Its  head  is 
formed  at  Lockinsula  by  blocking  up  the 
water- course  (there  so  rudimentary  as  to 
have  been  used  for  a  village  road)  by  a 
bank  with  scouring  sluices,  and  turning 
the  main  supply  over  a  natural  weir  of 
rock,  whence  it  joins  the  olcl  water- 
course below.  The  head  sluice  and  lock 
are  adapted  for  working  this  branch 
with  a  depth  of  six  feet  of  water,  when 
the  irrigation  becomes  sufficiently  ex- 
tended to  require  it  in  the  Nundi-cota- 
coor  and  Nundial  Talooks,  and  at  this 
depth  the  flow  will  be  45,000  cubic  yards 
an  hour.  This  canal  is  an  irrigating 
channel  for  the  first  six  miles  only.  Be- 
low that  it  is  a  still-water  canal,  with  a 
fall  of  180  feet   5   inches,   overcome  by 


seven  double-chambered  locks  and  five 
single-chambered  locks.  The  greatest 
drop  in  any  one  double  lock  is  21  feet  8 
inches,  and  in  a  single  lock  13  feet.  The 
chambers  are  120  feet  long,  by  20  feet 
broad.  The  canal  is  forty-five  feet  wide 
at  the  bottom,  and  the  minimum  depth 
is  five  feet. 

The  second  branch  irrigating  channel 
takes  its  supply  from  the  main  stream  in 
the  Kali  at  Jutoor,  and  forms  the  main 
canal  from  the  95th  to  the  146th  mile. 
It  has  a  very  wide  area  of  distribution 
in  the  Nundial,  Seriwell,  and  Koilcoontla 
Talopks  of  the  Kurnool  district.  It  is 
intended  to  distribute  130,000  cubic 
yards  of  water  an  hour,  if  required;  but 
to  do  this  two  feet  height  must  be  added 
to  the  banks  over  the  first  twenty  miles 
of  its  course.  In  its  present  form  it  is 
adapted  for  carrying  about  100,000  cubic 
yards  an  hour ;  and  this  is  probably 
enough  to  supply  rice  for  all  the  local 
demand  for  food,  leaving  the  cultivation 
of  cotton  and  indigo,  for  which  the  val- 
ley is  celebrated,  more  room  than  is 
available  while  dry  grain,  has  to  be  grown 
for  food.  Already  the  Company  has  ir- 
rigated a  greater  area  of  dry  than  wet 
crop  in  this  valley.  A  good  indigo  crop 
is  of  more  value  as  an  article  of  com- 
merce than  a  good  rice  crop,  but  hither- 
to indigo  cultivation  has  been  so  precari- 
ous that  a  really  good  crop  might  not 
be  obtained  once  in  six  years.  No  crop 
more  needs  and  repays  irrigation.  The 
head  works  consist  of   a  weir   (Fig.  5) 


Fig.  5. 
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of  solid  limestone  in  rubble  masonry 
founded  on  soft  shale,  and  of  head 
sluices,  the  face  of  which  are  scoured  by 
undersluices  in  the  weir  by  help  of  a 
training  wall  and  of  an  entrance  lock. 
The  weir  is  six  feet  broad  below  the  cop- 
ing, and  has  a  batter  on  the  upper  side 


of  one  in  four;  the  rear  face,  which  is 
ashlar,  descends  vertically  into  a  trench 
or  water  cushion,  hollowed  out  of  the 
shale  and  lined  with  limestone  masonry. 
This  water  cushion  is  narrower  than  it 
should,  be.  The  coping  is  protected 
from  floating  timber  by  a  foreshore   of 
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rubbish  from  the  shale  excavation.  This 
branch  is  adapted  for  a  depth  of  six  feet 
of  water  down  to  the  first  drop  lock  in 
the  118th  mile.  Below  that  lock,  water 
is  passed,  for  a  limited  extent  of  irriga- 
tion, round  ten  locks,  and  at  the  eleventh 
lock  (130th  mile)  all  irrigation  ceases. 
The  canal  between  the  118th  and  the 
]  46th  mile  consists  of  level  reaches 
adapted  for  a  depth  of  five  feet  of  water, 
and  contains  seventeen  locks,  with  a 
total  fall  of  187  feet  6  inches,  and  a 
maximum  fall  in  any  one  of  fourteen 
feet.  The  bottom  breadth  throughout  is 
fifty  feet. 

Fig.' 


The  third  branch  irrigating  channel 
takes  its  supply  from  the  main  stream  in 
the  Koonder  at  Kajoli.  The  146th  mile 
of  the  navigable  canal  falls  -into  this 
branch  about  one-fourth  mile  below  its 
head,  and  is  continued  to  the  180th  mile. 
The  Rajoli  weir  is  of  solid  limestone  in 
coursed  rubble  masonry,  five  feet  thick 
at  the  top,  with  a  batter  of  one  in  two 
on  the  upper  face  and  plumb  on  the  low- 
er face.  (Fig.  6).  It  stands  on  thick 
beds  of  solid  limestone.  With  a  depth 
of  five  feet  of  water  in  it,  the  canal  will 
discharge  50,000  cubic  yards  of  water  an 
hour,    the   bottom   breadth   being   fifty 
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feet.  The  irrigating  channel  ceases  at 
the  first  lock  in  the  172dmile,  and  thence 
to  the  river  Penner  is  a  still-water  canal, 
which  falls  ninety  feet  six  inches,  by 
means  of  nine  locks,  of  which  the  great- 
est drop  is  thirteen  feet. 

The  fourth  branch  is  a  length  of  eight 
miles  of  canal  at  nearly  a  level,  supply- 
ing a  small  area  of  irrigation.  It  is,  in 
fact,  the  first  eight  miles  of  the  project- 
ed continuation  of  the  canal  into  Nellore. 
It  is  adapted  to  distribute  for  irrigation 
about  5,000  cubic  yards  an  hour  of 
water,  and  has  a  bottom  breadth  of  fifty 
feet.  The  headworks  consist  of  a  weir 
across  the  main  supply  in  the  Penner, 
with  head  and  under  sluices,,  and  en- 
trance lock.  The  river  gates  of  the  en- 
trance lock  are  twenty-five  feet  high, 
and  are  the  heaviest  on  the  canal.  The 
weir  for  a  short  portion  of  its  length  is 
of  solid  limestone  in  rubble  masonry 
founded  on  rock;  but  the  greater  pro- 
portion of  it  is  founded  on  sand,  and 
consists  of  a  masonry  slope  supported 
on  the  upper  edge  by  a  double  row  of 
wells  and  on  the  lower  edge  by  a  single 
row  of  deep  wells.  There  is  a  longitud- 
inal row  of  wells  along  the  middle  also. 
The  slope  is  1  in  11,75;  and  below  the 
slope  is  a  dry  rubble  apron  105  feet 
broad.     The   canal  terminates  at  a  dis- 


tance of  li  miles  from  the  Madras  rail- 
way, and  163  miles  from  Madras. 

Besides  the  weirs,  some  of  the  mason- 
ry works  on  the  canal  deserve  notice. 
The  Hindry  aqueduct  carries  the  canal 
ninety  feet  broad  and  eight  feet  deep 
over  the  Hindry,  at  an  elevation  of 
thirty-two  feet,  by  fourteen  forty-feet 
arches,  the  length  between  the  abut- 
ments being  651  feet.  The  lowest  head- 
way, at  full  water,  under  any  bridge 
over  the  canal,  is  fifteen  feet;  the  small- 
est width,  in  locks  is  twenty  feet.  The 
under  bridges  have  a  width  of  thirty  feet, 
except  in  two  cases,  where  it  is  twenty- 
five  feet.  The  lock  chambers  are  twenty 
feet  by  120  feet  in  the  clear,  and  are 
adapted  for  working  with  a  depth  of  five 
feet  six  inches  of  water,  though  they 
will  work  with  less.  The  filling  and 
emptying  sluices  are  a  pair  to  each  pair 
of  lock  gates,  i.e.,  four  to  each  single 
lock.  Each  sluice  has  an  opening  four 
feet  square,  and  the  ratio  of  the  inlet 
ports  to  the  sluice  and  to  the  outlet 
ports  is  as  5,  4  and  8  respectively. 

The  grade  or  fall  of  the  canal  where 
it  is  taken  down  the  irrigating  channel 
varies  between  eighteen  inches  a  mile  in 
one  or  two  deep  cuttings,  and  a  level  in 
the  tanks  formed  where  the  canal  is  car- 
ried over  an  open  valley,  by  damming  it 
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across.  In  other  places  it  is  usually  from 
four  to  six  inches  a  mile.  The  last  seems 
to  be  the  most  suitable  fall  where  the 
cuttings  and  banks  are  of  cotton  soil  un- 
protected by  revetment  of  any  sort;  but 
it  is  impossible,  without  further  experi- 
ence, to  say  whether  a  more  rapid  fall 
would  not  be  better.  The  more  rapid 
the  fall,  the  less  silt  will  be  deposited, 
but  the  more  current  there  will  be 
against  ascending  boats.  Hitherto  the 
silt  has  given  but  little  trouble,  and  it 
seems  likely  that  an  annual  outlay  of 
£1,000  will  suffice  to  remove  all  deposits 
of  silt. 

The  lock  sluices  are  simple  cast-iron 
shutters  running  on  wheels  eight  inches 
in  diameter.  When  quite  closed,  how- 
ever, the  shutter  bears  on  the  cast-iron 
frame  or  seat.  They  are  readily  raised 
by  a  rack  by  two  men  in  a  few  seconds, 
or  by  one  man  where  balance  weights 
are  attached. 

No  measuring  sluices  are  needed.  Two 
sizes  of  sluices  for  irrigation  are  used, 
besides  some  small  ones,  closed  by  hand, 
in  the  first  three  sections.  The  smaller 
size  is  eighteen  inches  wide  and  one  foot 
lift,  worked  by  turning  round  a  vertical 
screw  lifting  a  cross-head,  to  which  the 
cast-iron  shutter  hangs.  The  larger  has 
a  lift  of  three  feet  nine  inches,  and  is 
five  feet  broad,  the  shutter  being  made 
of  wood;  and  it  is  raised  in  the  same 
way  as  the  smaller  ones.  Each  turn  of 
the  screw  raises  the  shutter  one  inch,  and 
one  man  can  easily  work  it  against  an 


average  head  of  water  six  feet.  The 
raising  gear  and  cast-iron  grooves  of  the 
larger  size  cost  £11  4s.,  delivered  in  Lon- 
don on  board  ship,  and  the  smaller  size, 
including  iron  shutter,  £5  Is.  The  lock 
valves  with  crab,  shutter,  and  frame 
complete,  cost  £36  each;  while  the  gates 
complete  in  place,  cost  about  £2  lis.  per 
foot  drop. 

Though  the  masonry  works,  and  espe- 
cially the  weirs,  contain  a  great  variety 
of  work;  the  chief  interest  and  novelty 
in  the  construction  of  the  canal  is,  un- 
doubtedly, the  mode  of  forming  the 
banks,  these  range  up  to  a  height  of 
fifty  feet  from  the  ground  surface  of 
their  site  to  the  water  line.  They  are 
upwards  of  thirty-five  feet  in  total 
height  in  the  13th,  18th,  22d,  23d,  for 
nearly  half  the  24th,  29th,  32d,  33d, 
34th  (in  these  last  two  miles  one-half 
mile  of  bank  is  forty  feet  high),  48th, 
54th,  58th,  and  63d  miles;  while  in  the 
26th  and  27th  miles  the  bank  exceeds 
forty  feet  high.  These  banks  are  always 
on  sloping  ground,  so  that  the  height 
above  the  outer  toe  is  more  than  the 
nominal  height.  Their  formation  in  the 
above  cases  is  as  follows  (in  all  cases  the 
single  bank  is  reveted  or  shingled  on  the 
inner  slopes)  : 

Simple  filling  only  in  miles  5,  13,  22,  23, 

and  part  of  24,  32  40,  54,  58,  63. 
Masonry  wall,  Fig.  7,  in  miles.. ...     24,  26,  28. 
Masonry  face  wall,  Fig.  8,  in  miles.  26,  27. 
Masonry  revetment,  Fig.    9,    "      .   18. 
Puddled  bank,  Fig.  10,    "      .  24,  33,  34. 

Puddle  core  bank,    Fig.  11,    "      .  26,  29. 


Fig.  7. 


TOP    OF  BANK. 
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CANAL  WALL,  COMPLETED,  EXCEPT  THE  PUDDLE, 
PUDDLE  AND  WING  ADDED    1871. 


The  banks  of  the  sections,  Figs.  7,  9 
and  11,  came  into  the  author's  hands  in 
1865,   as  finished  works,  but  have  since 


been  strengthened  or  raised.  In  Fig.  7, 
the  rear  wall  is  almost  superseded  by  the 
backing  of  dry  rubble  added  behind,  so 
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Fig.  8. 


L-^«^> 


FACE  WALL,  COMPLETED   1 368. 


that  the  front  wall  acts  as  a  face-wall  to 
the  mass  of  rubble  behind.  This  is 
found  a  very  efficient  kind  of  wall;  but 
it  is  right  to  mention  that  a  portion  of 
wall  of  this  section  was  carried  away 

Fig 


during  an  extraordinary  flood  in  August, 
1870,  which  rose  over  the  wall  and,  prob- 
ably, cut  down  the  ordinary  bank  at  its 
junction  with  the  end  of  the  wall.  The 
bank  represented  in  Fig.  11  was  origi- 
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MASONRY  REVETMENT,  COMPLETED   1865. 


nally  constructed — as  shown  by  the  dot- 
ted lines — without  the  foreshore  of  pud- 
dle, and  with  merely  a  vertical  central 
core  of  puddle  nine  feet  thick,  extending 


from  top  to  bottom,  between  two  slopes 
of  hand-packed  rubble.  The  objection 
to  this  proved  to  be  that  the  vertical 
core,  being  held  by  the  packed  rubble 


Fig.  10. 
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PUDDLED  BANK,  COMPLETED 


walls,  could  not  settle.  Hence  if,  on  first 
filling  the  canal  after  a  dry  season,  the 
water  penetrated  through  some  crack  in 
the  core,  it  would  extend  the  crack,  by 
wearing  it  wider  and  deeper;  while  the 


puddle  above  would  stand  in  an  arch. 
No  breach  ever  occurred  from  this  cause, 
but  excessive  leaks  took  place  in  two 
cases,  before  the  cracks  could  be  reached 
through  the  hard    puddle  above    them. 


394 


VAN  nostrand's  engineering  magazine. 


A  puddle  foreshore  was  therefore  added, 
in  a  position  more  easy  of  access  than 
the  puddle  core. 

The  strongest  and  best  sections  are 
those  shown^in  Figs.  8  and  10;  sections 
adopted  after  the  experience  of  two 
seasons  in  the  working  of  banks  of  all 
kinds.  The  author  estimates  the  effi- 
ciency of  these  as  so  nearly  equal,  that 
the  choice  between  them  may  be  a  ques- 
tion of  cost.  The  only  objection  to  the 
face-wall  is  that  the  bank  cannot _ be 
raised,  when  once  the  wall  is  built,  with- 
out carrying  up  the  wall  to  a  narrower 
width  than  two  feet,  or  at  least  increas- 
ing the  weight  on  the  original  wall  by 
the  addition  of  the  material  required. to 
raise  the  bank.  Hence,  if  enlargement 
of  the  canal  be  anticipated,  the  wall  has 
to  be  built  of  a  stouter  section  from  the 


first.  No  portion  of  this  face-wall  has 
cracked  or  shown  any  signs  of  weakness; 
nor,  though  unprotected  in  front  by 
either  plaster  or  puddle,  is  the  leakage 
more  than  just  sensible.  The  puddled 
slopes  are  even  tighter  than  the  face- 
wall,  and  have  proved  efficient  even 
when  the  bank  is  of  the  worst  kind  of 
white  and  gray  clay,  mixed  with  salts 
of  lime  and  soda,  and  such  as  to  absorb 
water  readily.  It  may  be  thought  more 
liable  than  a  wall  to  injury  from  vermin, 
but  no  difficulty  nor  accident  has  yet  oc- 
curred, and  any  defect  is  more  readily 
repaired,  and  is  less  dangerous  than  in  a 
wall;  and  this  remark  applies  to  defect 
from  bad  workmanship  as  well  as  from 
external  violence.  The  total  length  of 
masonry  walls  in  the  banks  is  but  a  few 
chains  short  of  five  miles,  and  the  pud- 
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PUDDLE-CORE  BANKS  WITH  PUDDLED  FORE-SHORE  ADDED,  COMPLETD  "1870-1871 


died  banks  are  nearly  of  the  same  ex- 
tent. 

In  estimating  the  probable  stability  of 
a   bank    composed   of    soil   thrown   up, 
without    either    selection    or    puddling, 
when  first  exposed  to  water,  a  few  first 
principles  require  to  be  borne  in  mind. 
Failure  will  take  place  either  from  the 
soil  taking  a  flatter  slope,  when  acted  on 
by  the  water,  than  it  originally  stood  at 
in  the  bank,  or  from  leaks  forming  holes 
through   the  bank    and    ultimately    de- 
stroying it.    The  author  has  successfully 
stopped  leaks  two  feet  six  inches  in  di- 
ameter, occurring  at  a  height  of  twelve 
feet  above  the  ground;  and,  on  the  other 
hand,  has  had  the  rear  of  a  bank  slipping 
down  to  a  slope  of  about  one  in  ten  also 
readily  repaired.     A  little  consideration 
will    show  how  such  casualties  may  be 


best  treated;  and  lastly,  how,  by  a  care- 
ful construction  of  the  bank,  they  may 
be  avoided  altogether.       ^  • 

It  is  necessary,  in  treating  failures  of 
banks,  to  get  rid  of  the  notion  that,  in 
practice,  soil  acted  on  by  water  becomes 
really  viscous,  i.  e.,  chemically  semi-fluid. 
The  action  of  water  for  all  practical  pur- 
poses is  mechanical.     It  is  true  thatthe 
presence  of  salts  causes  dry  earth  rapidly 
to  absorb  water  to  which  it  may  be  ex- 
posed; and  the  subsequent  deliquescence 
of  the  contained  salts  may  leave  the  soil 
in  a  thoroughly  boggy  state.     But  such 
soil  only  requires  mechanically  draining 
(perhaps  no  easy  matter)  to  restore  it  to 
firmness;  and  it  will  then  be  freed  from 
the   salt,  which  will  have  been   carried 
away   in    solution.      The   flattest    slope 
taken  by  dry  material  is  probably  that 
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of  ground  quick-lime,  as  it  runs  dry  from 
the  grindstones,  when  it  will  run  nearly 
flat;  and  generally  the  natural  slope  at 
which  dry  material,  deposited  at  hap- 
hazard, will  stand,  is  steeper  in  propor- 
tion as  the  particles  are  angular  and 
rough,  and  flatter  in  proportion  as  they 
approximate  to  polished  spheres;  in  the 
former  case  hardness  of  each  particle  or 
piece  secures  a  maximum  steepness  of 
slope,  in  the  latter  case  a  minimum. 
The  effect  of  a  little  moisture  is  virtually 
to  increase  the  roughness  of  the  particles, 
supposing  no  chemical  action;  the  co- 
hesion of  small  surfaces  in  contact  being 
increased  so  much,  that  if  the  particles 
are  small  the  material  may  stand  verti- 
cally when  damp,  or  at  an  overhanging 
slope.  Excess  of  water  may  have,  how- 
ever, a  very  different  effect,  which  will 
depend  on  the  nature  of  the  material. 
Thus  a  mass  of  rubble  or  gravel  consists 
of  materials  of  such  a  size  as  to  be  un- 
affected by  the  presence  of  water,  as  far 
as  regards  the  relative  position  the  par- 
ticles are  disposed  to  take;  except  only 
when  the  flood  of  water  is  so  violent  as 
to  displace  them  by  mere  force  of  impact. 
Again,  clean  sand  may  be  defined  as  a 
collection  of  insoluble  particles,  so  small 
that,  though  after  being  thoroughly  wet 
much  of  the  water,  if  allowed,  will  drain 
out  of  it,  yet  enough  will  remain  to^in- 
crease  cohesion,  and  so  much  as  to  equal 
or  exceed  the  force  of  gravity  on  any 
particle.  But  clayey  earth  has  its  parti- 
cles so  fine  as  to  retain  by  cohesion  a 
sufficient  quantity  of  water  to  separate, 
or  nearly  separate  them,  and  to  render 
the  mass  apparently  viscid;  and  so  it  will 
remain  until  the  water  be  squeezed  out 
by  pressure  or  dried  up  by  heat.  It  may 
require  intense  pressure  or  heat  to  render 
such  a  material  really  dry;  but  a  mod- 
erate amount  of  either  may  render  it  very 
hard.  When  really  dry,  the  material 
will  have  become  stone,  or  so  like  stone, 
that  the  particle's  will  not  separate  if 
again  exposed  to  water  ;  but  if  only 
moderately  dry,  as  it  is  found  in  banks, 
it  is  possible  that,  when  water  is  admit- 
ted into  the  crevices  or  pores  of  the  ma- 
terial, it  may  so  loosen  the  particles  as 
to  make  them  easy  to  separate,  and  un- 
able to  resist  the  slightest  action  of 
running  water.  This  may  happen  even 
while  the  cohesion  remains  so  strong 
as   to    check   and   practically  resist  the 


passage  of  water  through  the  body  of 
the  material. 

The  two  dangers  of  slips  and  leaks  to 
which  a  bank  is  exposed,  and  the  mode 
of  meeting  them,  are  the  following  :  In 
the  first  place  water  may  be  forced  by 
pressure  into  the  accidental  interstices 
or  fissures  in  sand  or  clay  faster  than  it 
can  drain  or  dry  out  of  it;  as  where  the 
outer  slope  of  a  leaky  bank  is  made  of 
sand,  or  where  a  bank  is  thrown  up  en- 
tirely of  moist  clay,  and  the  greater 
weight  on  the  center  squeezes  out  water 
contained  in  the  central  portion  and 
forces  it  into  the  slopes.  In  both  these 
cases  slips  of  the  slopes  are  likely;  and 
they  take  a  flatter  slope  than  that  at 
wThich  they  first  stood.  The  danger  from 
leaks  is  when  water  obtains  a  free  passage, 
either  through  a  crack  or  a  burrow", 
without  meeting  any  resistance  sufficient 
to  hold  it  back  against  the  head  under 
which  it  advances.  The  action  of  such 
a  stream  may  enlarge  the  opening  until 
the  bank  is  destroyed.  To  stop  a  slip, 
either  the  water  must  be  tapped  by  a 
drain  before  it  enters  the  slope,  or  the 
slope  must  be  artificially  supported  by  a 
weight  sufficient  to  prevent  its  move- 
ment. In  the  case  of  water  flowing 
through  a  crack  or  burrow,  no  danger 
will  result  unless  the  material  be  tough 
clayey  soil.  A  s£ndy  soil  soon  falls  in, 
for  the  bed  of  the  cavity  w7ill  absorb  the 
water,  and  the  material  will  run  to  so 
flat  a  slope,  and  the  sides,  right  and  left, 
will  be  undermined  so  fast,  that  the  top 
will  fall  in  from  the  surface  of  the  bank 
before  it  can  attain  any  magnitude.  In 
a  tough,  loamy  clay  a  crack  is  much  more 
dangerous,  for  the  soil  is  nearly  imper- 
vious, and  the  stream  will  simply  soften 
and  carry  away  the  bottom  and  sides  of 
the  burrow  writh  which  it  comes  into 
actual  contact,  and  may  cut  its  way 
down  without  widening  the  cavity  suffi- 
ciently for  it  to  fall  in,  even  though  it 
meander  about  and  cut  caverns  five  or 
six  feet  in  diameter.  The  quicker  the 
stream  the  more  vertically  the  sides  wTill 
stand;  so  that  a  leak  of  long  standing  is 
generally  found  to  have  cut  a  steep, 
narrow  way  nearly  dowm  to  the  level  of 
the  ground  near  the  center  of  the  bank, 
and  then  to  have  made  a  series  of  wide 
chambers  on  its  less  rapid  passage  to  the 
rear.  Such  leaks  are  best  stopped  by- 
filling   the    caverns    in   the    rear    with 


396 


VAN  NOSTRANiyS   ENGINEERING  MAGAZINE. 


gravel  or  rubble,  and  at  once  cutting 
down  to  the  leak  on  the  water  side  of 
the  bank,  and  puddling  it  up  on  that 
side. 

But  the  real  problem  is  to  make  a 
bank  which  can  neither  slip  nor  be  cut 
up  by  leaks;  and  may  be  safely  filled 
after  being  dried  for  a  couple  of  months 
by  a  mean  daily  temperature  of  98° 
Fahr.  in  the  shade,  that  of  evaporation 
being  70°. 

The  consideration  of  this  problem  is 
the  more  necessary  owing  to  the,  whole- 
sale condemnation  of  earthen  dams  of 
above  sixty-five  feet  in  height,  by  M. 
Graeff,  Engineer  in  Chief  of  the  Fonts 
et  Chaussees,  in  1866.  This  condemnation 
is  disproved  by  the  long  existence  and 
security  of  the  dam  of  Cumbum,  102 
feet  high,  under  ninety-four  feet  depth 
of  water.  It  may,  however,  be  interest- 
ing to  show,  that  a  scientific  and  practi- 
cable theory  exists  for  the  construction 
of  earthen  dams;  and  it  only  remains  to 
bear  in  mind,  that  a  given  quality  may 
be  secured,  with  less  risk  of  defective 
work,  in  earthwork,  with  at  least  as 
much  certainty  as  in  masonry. 

Before  a  bank  can  be  safely  exposed 
to  water  as  above,  the  following  condi- 
tions must  be  satisfied : 

1.  The  greatest  possible  leakage  must 
not  carry  any  material  out  of  the  bank. 

2.  It  must  be  impossible  for  any  bur- 
row or  crack  to  be  made  right  through 
the  bank. 

3.  The  impervious  part  of  the  bank 
must  be  secured  in  its  place,  so  that 
neither  settlement  can  breach  it,  nor 
leaks  through  cracks  which  will  occur  in 
it  carry  the  material  out  of  place. 

4.  The  impervious  part  must  be  en- 
couraged to  settle  or  shrink  so  as  to  close 
any  cracks  which  may  occur  in  it. 

5.  It  must  be  easy  to  detect  and  over- 
haul any  bad  puddle. 

It  will  be  found,  in  practice,  that  when 
a  bank  fulfills  these  conditions,  the  en- 
trance of  water  into  any  part  of  the 
bank  is  more  difficult  than  its  exit,  and 
that  in  consequence  the  head  of  water 
upon  the  bank  tends  to  press  upon  and 
tighten  up  every  layer  of  material  in  the 
bank — a  result  that  tends  very  much  to 
increase  the  stability  of  every  part. 

It  may  be  well  to  consider  first  how  a 
bank  should  be  theoretically  constructed 
without  any  puddle  at  all;  and,  for  this 


purpose,  as  round  numbers  are  conven- 
ient, a  bank  200  feet  high  will  be  taken 
merely  as  an  illustration.  It  may  be 
observed,  to  start  with,  that  though  the 
theoretical  conditions  of  quality  and 
arrangement  of  soil  may  not  be  abso- 
lutely attainable  in  practice,  yet  the 
margin  of  safety  is  so  large,  and  the 
modifications  permissible  so  ample,  that 
any  condition  of  security  can,  in  fact,  be 
attained  in  practice.  Again,  it  is  well  to 
premise,  that  not  only  clean  sharp  sand 
and  small  gravel,  but  also  these  mate- 
rials, after  having  their  interstices  silted 
up  with  a  tough  matrix  of  clay  or  pud- 
dle, present  an  insurmountable  obstacle 
to  the  burrowing  of  vermin  and  to  crack- 
ing by  heat. 

Let  Fig.  13  represent  a  vertical  cross 

Fig.  13. 


SECTION  OF  A  PRiSMOIDAL  FILTER. 

section  of  a  perfect  filter  in  a  prismoidal 
or  wedge-shaped  trough,  whose  sides 
contain  an  angle  of  60°.  By  its  being 
perfect,  let  it  be  understood  that,  what- 
ever depth  of  water  be  placed  upon  it, 
the  water  alone  moves  as  it  passes 
through  the  filter;  and  that  the  material 
of  the  filter  is  arranged  in  horizontal 
layers,  beginning  with  fine  sand  at  the 
top,  and  then  becoming  successively 
coarser  until  the  lower  angle  contains 
large  rubble  blocks,  in  such  accurate 
proportion  that  the  water  flows  through 
freely  enough  not  to  resist  that  behind 
it,  but  not  so  freely  as  to  leave  any  aper- 
tures. 

If  the  upper  layer  of  fine  sand  be  as 
deep  as  the  water  placed  upon  it,  and  be 
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clean,  the  quantity  of  water  flowing 
through  the  filter,  or,  in  other  words, 
the  leakage,  would  be  usually  calculated 
at  700  gallons  per  day  for  each  square 
yard  of  surface;  which,  for  the  filter  in 
the  figure  200  feet  high,  would  give  13^ 
cubic  yards  of  leakage  an  hour  per  lineal 
yard  of  filter;  an  amount  so  small  that 
it  would  flow  away  in  a  stream  an  inch 
deep,  with  a  velocity  of  little  over  a 
quarter  of  a  mile  an  hour.  And  this  leak- 
age would  represent  the  work  done  by 
200-feet  head  of  water,  in  forcing  a  pass- 


age for  such  a  stream  through  the  ob- 
struction presented  by  the  filter,  and  im- 
parting to  it  the  velocity  with  which  it 
issues  from  the   lower  edge. 

If  this  prismoidal  filter  be  supposed  to 
be  laid  on  its  side  upon  an  impervious 
soil,  and  the  casing  containing  it  be  re- 
moved and  replaced  by  slopes  of  fine 
sand  in  front  and  of  filling  in  rear,  care 
being  taken  to  keep  open  a  drain  of  dry 
stone,  or  of  masonry  arches,  from  what 
was  previously  the  lowest  edge  of  the 
filter  (Fig.    14),   the  result  is  a  bank  so 
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constructed  as  to  fulfill  the  five  conditions 
already  stated  for  a  safe  bank,  but  with- 
out any  puddle.  The  higher  the  bank 
for  a  given  coarseness  of  sand,  and  the 
thinner  the  layer  of  sand  forming  the 
front  slope,  the  more  water  would  flow 
through  the  bank;  but  even  if  the  leak- 
age increased  a  thousand  times,  and  the 
water  poured  from  the  rear  of  the  bank 
like  the  back  lash  of  an  Atlantic  storm 
wave,  there  is  no  engineering  difficulty 
in  securing  the  rear  so  that  the  water 
should  pass  out  without  disturbing  the 
outer  toe  of  dry  rubble  blocks;  and  if 
these  do  not  move,  no  particle  in  front 
of  them  can  be  displaced,  by  hypothesis, 
except  by  actual  crushing  of  the  mate- 
rial. It  will  be  observed  that  no  crack 
nor  burrow  can  be  made  in  the  material 
of  this  bank,  either  by  sun  or  vermin; 
and  that  it  only  needs  its  surface  pro- 
tecting from  the  action  of  rains  and 
waves  to  form  a  durable  bank. 

In  the  author's  opinion,  there  is  no 
other  sound  and  safe  principle  on  which 
earthen  banks  of  tanks  or  reservoirs  can 
be  constructed  except  that  described. 
In  practice,  puddle  is  added  to  stop  the 
leakage,  and  the  durability  of  the  bank 
is  thereby  also  increased.  But  a  reser- 
voir bank  can  hardly  be  considered  safe 
if,  owing  to  the  mode  of  its  construction, 


a  crack,  burrow,  or  other  leak  through 
the  puddle,  would  be  dangerous  to  it. 
In  practice,  the  best  position  for  the 
puddle  is  on  the  flattest  slope  in  front  of 
the  bank  (Fig.  10),  where  it  should  be 
protected  by  rubble,  the  larger  and 
smoother  the  better,  laid  on  sharp  loose 
gravel  impervious  to  vermin.  The  thick- 
ness of  this  protection  must  be  so  great 
that  it  cannot  be  wholly  removed  as  the 
bank  settles.  Rubble  packed,  or  very 
rough  stone,  as  kunkur,  is  best  avoided; 
since  it  will  not  follow  the  bank  during 
settlement:  hence  the  dry  rubble  facing- 
must  be  thicker  as  the  bank  is  higher. 
Unless  there  be  liability  to  a  scour  along 
the  inner  toe,  there  is  no  occasion  to 
make  it  thicker  at  the  bottom  than  at 
the  top,  but  rather  the  reverse,  since  the 
waves  will  be  heaviest  when  the  tank  is 
full.  The  puddle  will  be  the  most  dense 
part  of  the  bank.  Where  used  by  the 
author,  the  surface  of  puddle  under  con- 
struction is  kept  always  flooded,  like  a 
rice  field;  and  gangs  of  men,  with  their 
arms  linked  together,  walk  backwards 
and  forwards  on  short  lengths  of  it  all 
day,  treading  it  stiff  to  a  song,  as  layer 
after  layer  is  added  by  the  workmen. 
The  thickness  of  puddle  used  for  banks 
under  forty  feet  high  is  just  one  foot 
thinner   than  that  used  in  the  bank  of 
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the  Sheffield  Waterworks  Company, 
which  did  so  much  damage  by  bursting 
on  the  11th  of  March,  1864;  ie.,  it  is 
three  feet  thick  at  the  water-line,  and  in- 
creases at  the  rate  of  one  foot  in  thick- 
ness for  every  eight  feet  vertical  depth 
below  the  water-line.  The  puddle  must, 
if  necessary,  be  carried  down  in  a  trench 
— sheet  piling  also  being  added  if  neces- 
sary— so  far  as  to  prevent  any  flow  of 
water  below  it  being  so  violent  as  to 
displace  material,  or  so  copious  as  to  be 
wasteful. 

In  order  to  insure  the  puddle  remain- 
ing watertight  under  all  circumstances 
of  original  settlement,  and  of  alternate 
wet  and  drought,  it  is  desirable  that  it 
it  should  rest  on  a  substance  rather  more 
compressible  than  itself.  To  lay  it  at 
once  on  ordinary  rammed  filling  would 
be  too  violent  a  change;  and  it  has  al- 
ways been  laid  by  the  author  on  a 
cushion  of  earth  moistened  and  rammed; 
each  layer,  of  six  inches  or  so,  being  well 
wetted  and  then  sprinkled  with  enough 


dry  earth  to  prevent  it  sticking  to  the 
rammer,  when  punned  with  a  rammer 
of  forty  pounds  weight.  The  rest  of 
the  front  slope,  if  not  already  existing, 
has  been  made  of  earth  rammed  dry  in 
the  usual  way;  since  it  was  found  safest, 
indeed  almost  necessary,  to  establish  the 
broad  rule,  that  nothing  but  earth  should 
be  brought  to  the  front  of  the  center 
line  of  the  bank.  The  bank  was  then 
completed  with  any  gravel  or  bad  soil 
available,  the  gravel  being  kept  at  the 
bottom  as  much  as  possible,  and  the 
finest  soil  to  the  center.  Though  such 
banks  are  not  theoretically  perfect,  they 
have  never  failed  nor  given  trouble  upon 
letting  the  water  against  them.  The 
lengths  entirely  constructed  on  these 
rules  are  insignificant,  but  about  five 
miles  of  old  bank  have  been  faced  with 
puddle  laid  on  earth  rammed  moist. 

The  form  recommended  by  the  author 
for  higher  banks  is  shown  in  Figs.  15, 
16,  and  17,  which  only  needs  a  remark, 
that  where  the  bank  runs  out  on  a  hill- 


Fig.  15. 


ordinary  bank  ok  strong  impervious  soil 
Fig.  16. 
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BANK    ON     ROCK. 


side,  or  the  ground  along  the  center  line 
of  the  bank  rises  or  falls,  the  water 
which  leaks  through  and  under  the  pud- 
dle will  be  liable  to  run  along  inside  the 
bank,  instead  of  escaping  out  of  the  rear 


toe  at  once.     Hence,  at  the  deeper  parts 
of  the  bank,  larger  stone  is  desirable  at 
the  outer  toe,  whatever  other  artifices  the 
nature  of  the  ground  may  admit  of. 
The  greatest  average  monthly  progress 
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Fig.  17. 


FLOOD     LEVEL. 
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BANK     ON     RIVER     SAND. 


in  any  year  made  on  the  Soonkesala  and 
Cuddapah  canal  was  273,000  cubic  yards 
of  earthwork  and  11,572  cubic  yards  of 
masonry,  in  the  working  season,  April  to 
March,  1869-1870;  but  this  could  be  ex- 
ceeded were  labor  concentrated  in  one 
spot  and  assisted  by  machinery. 

The  cost  of  earthwork  varied  from  26?. 
to  6d.  per  cubic  yard;  of  rock  cutting, 
from  6d.  to  25. ;  and  of  rubble  masonry, 
from  5s.  to  10s.,  the  latter  including  a 
little  cut  stone. 

Much  rubble  masonry,  including  arch 
work,  was  done  in  aqueducts  and  bridges, 
as  in  the  whole  of  the  9th  section  of  the 
canal,  at  the  rate  of  8s.  a  cubic  yard 
over  all,  with  centerings  found.  Earth- 
work in  black  cotton  soil  six  feet  deep, 
or  thrown  into  banks,  was  done  rapidly 
during  the  year  1870,  at  2^d.  a  cubic 
yard. 

The  actual  cost  of  the  first  seventy-five 
miles  of  canal — the  length  whose  main 
office  is  to  carry  water  for  distribution 
below — has  been  £8,710  per  mile,  in- 
cluding head  works.  The  next  115  miles, 
including  locks  and  all  works,  has  cost 
£2,900  per  mile;  and  the  whole  canal, 
including  the  expensive  weir  across  the 
Penner,  has  cost  £5,260  per.  mile. 
These  rates  include  all  English  stores 
and  plant  used  for  the  work;  but  to 
cover  the  cost  of  engineering,  manage- 
ment, and  stores  in  stock  never  issued 
for  use,  fifty  per  cent,  requires  to  be 
added  to  the   above  figures. 

The  powers  of  irrigation  possessed  by 
the  canal,  as  it  at  present  exists,  admit 
of  a  clear  but  not  very  precise  definition, 
owing  to  the  number  of  contingencies 
for  which  it  is  adapted,  but  which  are 
not  yet  determined  by  experience.  If 
rice  alone  be  considered,  the  irrigating 
power  possessed  by  the  canal,  estimated 
at  two  cubic  yards  of  water  an  hour  per 
acre  where  the  waste  water  is  lost,  and 


lj  cubic  yard  where  it  is  again  taken  up 
by  the  canal  below,  is — 

In  the  Toombuddra  Basin...    .     50,006  acres. 

In  the  Caulee  Basin 30,000      " 

In  the  Koonder  proper 100,000      " 

In  the  Penner  proper 3,300      " 

Total 183,300      " 

To  which  can  be   added,  at  an  expendi- 
ture of  2s.  an  acre — 

In  the  Caulee  Basin 17,000  acres. 

In  the  Koonder  proper 50, ( 00      " 

Grand  total...  250,300      " 

Since  the  supply  amply  suffices  for 
growing  a  second  crop  of  wheat  for  every 
acre  of  rice,  and  it  is  already  found  that 
this  cultivation  is  commencing,  during 
the  first  season  of  the  canal  being  opened 
throughout,  the  revenue  possible  at  the 
present  water  rate  of  Rs.  6  an  acre,  and 
assuming  no  first  crop  irrigated  except 
rice,  is  £300,000;  and  the  yield,  at  the 
average  yield  of  five  years  under  tank 
irrigation  in  the  Kurnool  district,  would 
be  above  300,000  tons  of  rice  grain,  and 
about  500,000  tons  of  rice  straw,  and 
about  a  third  of  that  weight  of  wheat 
and  wheat  straw;  quantities  which  could 
be  increased  by  the  importation  and  use 
of  manure.  But  in  order  to  grow  so 
much  rice,  the  irrigation  of  dry  crops, 
such  as  indigo,  cotton,  &c,  would  have 
to  be  neglected;  though  the  demand  for 
irrigating  such  crops  is,  so  far,  as  exten- 
sive as  that  for  rice. 

In  reference  to  navigation,  the  capa- 
bility of  the  canal  seems  ample;  and  it 
may  be  necessary  to  explain  the  reasons 
for  this.  The  Board  of  Directors  were 
desirous  of  commencing  with  locks  of  a 
smaller  size — more  like  the  inland  locks 
on  English  canals — but  at  the  desire  of 
the  Madras  Government,  expressed  in 
1866,  this  was  given  up.  Supposing  the 
accommodation  for  traffic  on  the  canal 
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to  offer  no  greater  attractions  to  the 
native  public  than  that  of  a  railway,  the 
weekly  traffic  may  be  estimated  as  equal 
to  that  on  the  N.  W.  line  of  the  Madras 
railway  when  open  to  Muttonpulley — 
or  say  £5  per  mile  a  week.  If  to  this  be 
added  the  immense  traffic  created  by  the 
canal  itself,  more  than  equal  to  the 
whole  then  traffic  of  the  N.  W.  part  of 
the  Madras  railway,  the  result  will  be 
as  follows  : 

The  total  population  of  the  districts 
through  which  the  canal  passes  is  about 
700,000;  a  population  capable  of  con- 
suming annually  127f  million  measures 
of  rice  if  they  ate  nothing  else.  The 
possible  yield  of  grain  is  250  million 
measures  of  rice,  and  83^-  million  measures 
of  wheat.  Supposing  that  250  million 
measures  of  grain  are  not  eaten  by  the 
local  population,  the  only  means  of 
getting  rid  of  them  freely  is'by  the  canal, 
and  this  gives,  at  three  pounds  a  meas- 
ure, above  300,000  tons.  If  this  quantity 
be  carried  annually  over  half  the  length 
of  canal,  it  gives  a  daily  traffic  of  500 
tons  a  mile  every  working  day;  to  this 
must  be  added  straw,  manure,  and  the 
commodities  purchased  by  the  sale  of 
the  product,  besides  all  the  traffic  which 
a  railway  would  have,  as  above  esti- 
mated. 

But  a  brief  comparative  sketch  of  the 
Madras  Irrigation  and  Canal  Company's 
canal  between  Soonkesala  and  Cuddapah, 
arfd  of  the  Grand  Junction  canal  between 
Brentford  on  the  Thames  and  Braunston, 
will  give  as  good  an  impression  of  the 
work  as  any  technical  description  can  do. 

The  Grand  Junction  main  canal  is  90j 
miles  long,  4£  feet  deep,  thirty-six  feet 
broad  at  the  top,  and  twenty-four  feet 
broad  at  the  bottom.  The  Soonkesala 
canal  is  190  miles  long,  of.  which  seventy- 
five  miles  are  never  less  than  100  feet  in 
average  breadth,  nor  eight  feet  in  depth, 
and  average  about  253  feet  breadth  at 
the  top,  and  nine  feet  in  depth.  The 
locks  in  the  English  canal  are  eighty-six 
feet  long  by  fifteen  feet  wide;  in  the 
Soonkesala  canal  120  feet  by  twenty 
feet,  or  nearly  twice  the  size.  The  navi- 
gable branches  of  the  Grand  Junction 
are  twenty-eight  feet,  and  even  twenty 
feet  broad  at  the  water  level;  while  the 
narrowest  portions  of  the  Soonkesala 
canal  are  seventy  feet,  or,  for  a  few 
miles,  sixty-five  feet.     The    former  has 


102  locks,  averaging  7 J  feet  rise;  the 
latter  has  only  forty-seven  locks  (reckon- 
ing double  ones  as  two,  and  besides 
three  level  floored  locks),  averaging  9f 
feet  rise.  The  former  was  commenced 
about  1795,  and  was  completed  as  fol- 
lows: fifteen  miles  were  opened  up  to 
Novemberv  1797;  28^  miles  more  were 
opened  in  June,  1798;  20j  in  1799;  25f 
in  1800;  6^  in  October,  1800,  and  three 
more,  including  the  Blis worth  tunnel,  in 
March,  1 805 ;  making,  with  the  Padding- 
ton  branch  opened  in  1801,  a  total  of 
102^  miles  completed  in  ten  years,  at  a 
cost  which  ultimately  reached  about 
£2,000,000.  The  Soonkesala  canal,  190 
miles  long,  was  commenced  in  October, 
1861,  and  was  all  brought  to  completion, 
as  required  by  the  Company's  engage- 
ment with  the  Government,  in  June, 
1871,  or  in  about  ten  years,  at  a  cost 
which,  when  it  includes  wharves  and 
floating  stock,  will  reach  about  £1,750,- 
000.  It  would  probably  have  been  bet- 
ter had  the  Grand  Junction  canal  been 
originally  constructed  of  the  size  of  the 
Soonkesala  canal;  for,  though  it  worked 
profitably  to  itself — so  much  so  that  its 
£100  shares  rose  to  above  £200 — yet  it 
proved  too  small  to  accommodate  the 
traffic  it  developed,  and  has  therefore 
sunk  for  the  present  under  the  competi- 
tion of  the  railways.  It  is  interesting  to 
compare  the  size  of  the  towns  affected 
by  the  two  canals  at  the  time  of  their 
opening.  London  had  then  864,845  in- 
habitants; Madras  has  about  760,000. 
Northampton  had  7,020;  Derby,  10,832; 
Dudley,  10,107;  Walsall,  10,400;  and 
Birmingham,  73,670.  Kurnoolhas  about 
12,000;  Cuddapah,  25,000;  Nundial, 
probably  7,000  or  8,000.  Again,  the 
producing  and  manufacturing  powers  of 
the  two  districts  are  strikingly  similar, 
though  in  contrast.  The  Grand  Junction 
canal  promoted  the  production  of  coal, 
iron,  and  lime  from  below  the  earth's 
surface,  and  the  industrious  manufacture 
of  exotics  by  machinery;  the  Soonkesala 
canal  cannot  but  promote  the  production 
of  material  for  food,  clothing,  and  luxury 
upon  the  earth's  surface,  and  the  manu- 
facture of  food,  cloths,  colors,  paper, 
&c,  for  which  the  Madras  Presidency 
was  formerly  celebrated  over  the  whole 
of  Europe  and  Asia;  and  for  this  work 
the  population  is  likely  soon  to  be  ade- 
quate. 
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Although  the  success  of  metallurgi- 
cal operations  depends  so  largely  on  the 
possibility  of  finding  proper  refractory 
materials,  and  they  enter  so  prominently 
into  the  cost  of  their  operations,  it  can 
hardly  be  said  that  our  knowledge  of 
them  is  in  a  very  satisfactory  condition, 
or  even  that  we  know  very  much  about 
them,  beyond  a  few  facts  which  have 
been  gathered  through  their  use.  Ex- 
perience, as  a  general  thing,  is  an  excel- 
lent master,  but  the  requirements  of 
modern  metallurgy  increase  so  rapidly 
that  the  acquirements  of  experience  be- 
come rapidly  useless,  because  the  exac- 
tions of  temperature  are  so  rapidly  in- 
creased, that  the  material  depended  on 
yesterday  is  of  little  value  to-day.  No 
material  is  required  to  resist  so  many 
and  so  varied  conditions  as  crucibles,  re- 
torts, and  furnace-linings. 

In  the  use  of  a  given  refractory  ma- 
terial it  will  often  be  found  that  the 
same  substance  is  called  upon  to  fulfil 
conditions^  which  are  not  only  different, 
but  exactly  the  reverse  the  one  of  the 
other.  At  one  time  it  must  resist  an 
oxydizing,  and  immediately  after  with- 
stand more  or  less  of  a  reducing  action. 
Now  the  action  must  be  neutral,  follow- 
ed by  the  corrosive  action  of  scorias,  or 
sulphuric  acid,  or  it  must  withstand  the 
action  of  basic  scoria,  and  immediately 
afterward  only  resist  the  action  of  metals 
in  fusion.  The  same  substance  must  re- 
sist the  destructive  action  of  melting  as 
well  as  melted  oxides,  sulphides,  and 
silicates,  and  at  the  same  time  be  proof 
against  any  amount  of  heat.  We  seem 
to  be  astonished,  and  often  complain, 
that  one  brick  which  resists  the  influence 
of  oxide  of  iron,  should  fail  entirely  un- 
der a  gas  flame,  and  that  one  should  slag 
under  the  influence  of  oxide  of  iron,  but 
resist,  any  amount  of  clear  heat,  and  yet, 
when  the  nature  of  the  material  is  con- 
sidered, we  see  that  it  could  not  very 
well  be  otherwise.  In  many  cases,  and 
in  certain  portions  of  a  furnace,  the  brick 
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may  be  called  upon  only  to  support  a 
very  high  temperature,  coming  in  con- 
tact with  the  flame  only,  and  this  is  the 
most  trying  condition  of  all  our  modern 
requirements,  for  under  these  conditions 
the  material  must  resist  the  temperature, 
and  remain  infusible  without  decompo- 
sition,   cracking,    or   alteration    of    any 


*  A  paper  read  before  the  American  Institute  of  Min- 
ing Engineers,  at  the  Washington  Meeting,  February, 
1876.     ' 

Vol.  XV.— No.  5—26 


kind,  and  still  retain  strength  sufficient 
to  resist  the  pressure  of  the  furnace. 

The  conditions  which  the  refractory 
materials  of  to-day  are  called  upon  to 
fulfil,  are  very  different  from  those  de- 
manded a  few  years  ago,  and  unless  a 
better,  and,  at  the  same  time,  a  cheaper 
material  than  we  have  now,  can  be 
found,  there  are  some  industries  which 
must  die  out  altogether,  and  others, 
which,  if  they  survive  at  all,  can  never 
take  the  commercial  place  which  their 
metallurgical  value  would  otherwise 
command  for  them.  Mr.  Holley  has 
shown  that  the  cost  of  the  refractory 
materials  of  the  Bessemer  process,  is  one 
dollar  per  ton  of  ingots,  that  in  this 
country  for  the  Siemens-Martin  process 
it  is  five  dollars  per  ton  of  ingots,  while 
in  Wales  it  is  only  one;  a  difference  in 
cost,  other  things  being  equal,  sufficient 
to  almost  prevent  competition  in  times 
like  these.  We  must  fairly  regard  the 
condition  of  our  knowledge  of  this  sub- 
ject as  one  of  the  weakest  sides  of  mod- 
ern metallurgy  A  review  of  it  at  this 
time,  when  we  are  called  upon  to  econo- 
mize in  every  direction,  may  not  be  out 
of  place,  for  there  are  few  departments 
about  which  there  is  so  much  scope  for 
economy  as  here. 

The  substances  with  which  we  have 
to  deal  as  refractory  materials  are  silica, 
alumina,  lime,  magnesia  ;  clays,  which 
are  silicates  of  alumina,  more  or  less 
pure;  the  hydrated  aluminate  of  iron, 
known  as  bauxite,  and  some  silicates  of 
magnesia,  as  talc,  steatite,  and  the  min- 
erals which  are  allied  to  them,  all  of 
which  substances  are  fusible  in  the  strict 
sense  of  the  word,  but  are  generally  in- 
fusible at  commercial  temperatures.  To 
these  substances  two  others  must  be 
added  as  powerful  agents  to  render  in- 
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fusible,  under  certain  conditions,  sub- 
stances which  would  otherwise  be  fusi- 
ble, and  these  are  water  and  carbon,  in 
the  shape  of  coke  or  graphite. 

Some  few  rocks  are  used  as  refractory 
materials,  without  undergoing  change. 
These  rocks  are  quartzites,  granites, 
some  sandstones,  conglomerates,  serpen- 
tines, steatites,  and,  in  certain  rare  cases, 
as  in  Styria,  carbonate  of  lime.  Quart- 
zite  and  sandstones  were,  for  a  long 
time,  used  almost  exclusively  for*  blast 
furnace  hearths.  They  are  very  refrac- 
tory, but  very  treacherous,  as  they  are 
not  homogeneous.  Some  aluminous 
shales  are  also  used,  and  will,  generally, 
resist,  if  they  do  not  contain  more' than 
from  four  to  six  per  cent,  of  iron,  the 
alkalies  and  the  alkaline  earths  together, 
but  it  is  not  easy  to  use  them.  They  are 
not  easily  cut,  must  be  laid  in  their 
quarry-bed,  and  are  liable  to  crack. 
Other  rocks,  of  the  so'apstones  and  ser- 
pentine varieties,  which  contain  sixty  to 
sixty-five  per  cent,  silica,  and  twenty  to 
twenty-five  per  cent,  magnesia,  are  in- 
fusible, easily  cut,  and,  if  they  do  not 
crack,  can  be  used;  but,  in  general,  natu- 
ral substances  are  not  homogeneous,  are 
difficult  to  get  in  sufficient  quantities, 
and  so  little  to  be  depended  upon  that 
artificial  materials  are  preferred. 

Silica  is  found  in  nature  as  anhydrous 
and  hydrous.  The  anhydrous,  which  is 
quartz  and  jasper,  cannot  be  used  alone, 
as  it  cracks  and  splinters.  If  it  is  to  be 
used,  therefore,  it  must  be  reduced  to 
powder.  The  hydrous  varieties  gelatin- 
ize with  acids,  and  are  found  as  powders 
and  soft  stones,  which  pass  under  differ- 
ent names  in  different  countries.  They 
contain  from  thirty  to  eighty-seven  per 
cent,  gelatinizing  silica,  from  two  to 
ten  per  cent,  water,  and  from  0  to  40 
per  cent,  insoluble  silica,  with  from  two 
to  ten  per  cent,  of  iron,  alkalies  and  al- 
kaline earths.  These  impurities  are 
generally  in  too  small  quantities  to  af- 
fect its  refractory  qualities.  The  rock 
is  so  tender,  that  M.  Deville  has  had 
crucibles  made  in  a  lathe  out  of  it;  but, 
as  the  composition  is  never  regular,  ves- 
sels made  by  mixture  are  always  better. 
Though  silica  is  infusible,  it  cannot, 
generally,  be  used  without  being  ground, 
and  as  it  has  no  binding  property  like 
alumina,  a  small  portion  of  binding  ma- 
terial must  be  added  to  it  to  make  it 


nold  together.  For  the  Dinas  brick, 
which  is  the  best  substance  to  resist 
heat  alone,  this  binding  material  is  lime. 
The  brick  is  made  of  quartzose  sand- 
stone, which  is  first  heated  in  a  furnace, 
and  thrown  into  water,  to  break  it  up, 
and  is  then  ground.    It  is  composed  of — 


Si02     98.31  to  96.78 

A1203      .72  to 

1.39 

Fe203      18  to 

.48 

CaO           22  to 

.14 

Na,KO      14  to 

.20 

HO            35  to 

.50 

The  amount  of  lime  required  to  bind 
it  together  is  1%  per  cent.  The  joints 
between  the  bricks  are  filled  with  the 
same  material.  At  a  temperature  of 
2,200°  C,  about  4,280°  Fahr.,  these  bricks 
will  last  four  weeks  in  the  roof  of  an  or- 
dinary furnace,  and  in  that  time  will  be 
reduced — by  abrasion  of  the  flame,  and 
dust,  and  slightly  from  chipping — from 
nine  to  two  inches.  The  bricks  conduct 
the  heat  so  badly,  that  at  this  tempera- 
ture, which  is  a  bright  white  heat  on  the 
inside  of  the  furnace,  it  is  only  just  warm 
on  the  outside.  Ordinarily,  the  bricks 
seem  to  be  fluxed  away  by  the  dust, 
which  circulates  with  the  gases.  In  the 
Siemens  furnace,  where  there  is  no  dust, 
they  give  out  from  weakness.  They 
cannot  be  applied  to  any  part  of  the  fur- 
nace where  there  is  any  wear.  Their 
principal  cause  of  deterioration  seems  to 
be,  the  lowering  of  temperature  due  to 
stoppages  on  Sunday,  when  the  bricks 
flake,  either  as  the  furnace  cools,  or 
when  it  is  again  heated.  It  was  at  first 
supposed  that  these  bricks  could  only  be 
made  from  the  Dinas  stone,  but  it  is  now 
known  that  they  may  be  made  from  any 
pure  silicious  rock  which  has  been  ground 
and  mixed  with  the  proper  quantity  of 
lime. 

In  ganisters,  used  for  the  Bessemer 
converters,  the  binding  material  is  alu- 
mina, chemically  combined  with  silica, 
in  the  shape  of  clay.  It  is  generally 
used  unburned,  and  it  is  very  important 
that  the  mixture  should  be  so  made,  that 
it  will  expand  a  little,  but  not  shrink  at 
all.  For  this  purpose,  quartz,  as  pure  as 
it  can  be  had,  is  mixed  with  aluminous 
ciay.^ 

Silica  is  generally  a  very  cheap  ma- 
terial, and  preferable  to  any  other  sub- 
stance, if  it  is  used  only  to  resist  heat, 
but  cannot  be  used  if  any  considerable 
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quantity  of  scoria  are  formed.  In  such 
cases  bauxite,  or  other  aluminous  ma- 
terial, will  be  found  to  be  preferable. 

Lime,  or  lime  rocks,  cannot  generally 
be  used  in  commercial  operations,  be- 
cause the  carbonate,  the  only  form  in 
which  we  have  it,  becomes  caustic  under 
heat,  and  this,  when  left  to  itself,  ab- 
sorbs water  and  falls  to  powder.  It  can 
be  used  when  an  operation  is  continuous, 
but  in  no  other  case.  In  Styria  the 
hearths  and  sides  of  blast  furnaces  are 
sometimes  made  of  it,  but  they  are 
generally  quickly  abraded,  and  make 
but  short  campaigns.  Lime  is  infusible; 
bricks  of  it  are  used  for  the  fusion  of 
platinum.  It  is,  however,  very  easily 
acted  upon  by  silica,  but  when  this  is 
absent,  it  is  one  of  the  most  refractory 
substances  known. 

Magnesia,  made  from  the  carbonite  by 
driving  off  the  carbonic  acid,  is  very  re- 
fractory, if  pure.  It  is  made  into  any 
shape  that  is  required,  and  is  one  of  the 
most  refractory  of  substances.  It  was 
formerly  very  difficult  to  get  the  carbon- 
ate of  magnesia,  but  large  quantities  of 
it  have  been  found  on  the  Island  of 
Eubea,  so  that  it  can  now  be  had  for  $15 
to  $25  the  ton,  instead  of  $60  to  $70  as 
formerly.  It  can  be  calcined  at  a  less 
cost  than  ordinary  lime,  losing  half  of 
its  weight,  so  that  if  calcined  before  it  is 
transported  the  cost  may  be  still  further 
reduced.  It  contains  a  little  lime,  sili- 
cates of  iron,  and  some  serpentine  and 
silica.  After  calcination,  the  serpentine 
and  silica  can  be  separated,  as  it  is  easily 
crushed,  but  the  most  of  the  work  can 
be  done  by  hand  picking  beforehand. 
Before  moulding,  it  must  be  submitted 
to  about  the  temperature  it  is  to  under- 
go in  the  furnace,  otherwise  it  would 
contract.  It  is  then  mixed  with  a  cer- 
tain portion  of  less  calcined  material, 
which  is  one-sixth  for  steel  fusion;  and 
ten  to  fifteen  per  cent,  water  by  weight, 
and  pressed  in  iron  moulds.  If  for  any 
reason — either  because  there  was  too 
much  or  too  little  water,  or  because  the 
material  was  not  properly  mixed,  or  con- 
tains silica — the  crucible  is  not  strong 
enough,  it  has  only  to  be  dipped  in 
water,  which  has  been  saturated  with 
boracic  acid,  and  then  heated. 

Bauxite  is  one  of  the  natural  sub- 
stances which  has  been  recently  applied 
as  a  refractory  material.     It  is  a  com- 


pound of  silica,  alumina,  and  water. 
Like  all  aluminous  substances,  it  has  the 
advantage  of  tending  to  form  aluminates 
which  are  less  fusible  than  silicates,  and 
are  generally  completely  infusible  at 
commercial  temperatures.  It  does  not 
have  a  very  constant  composition,  as 
silica  is  sometimes  not  even  present  at 
all.  As  is  shown  by  Berthier's  analysis 
given  below  : 

School  of 
Berthier.     Deville.      Mines. 

A1203 52.0  58.1  60.00 

Fe203 27.6  3.0  0.80 

Si02 21.7  23.00 

HO..., 20.4  14.0  15.00 

Ti02 3.2  

100.0         100.0  98.80 

Almost  all  the  aluminates  of  iron  are 
infusible.  Siemens  has  taken  advantage 
of  this,  to  make  bauxite  bricks,  which 
have  the  composition:  alumina  fifty  per 
cent.;  sesquioxide  of  iron,  thirty-five  per 
cent.;  silica,  three  to  five  per  cent. 
They  last  five  or  six  times  as  long,  as  the 
best  Stourbridge  bricks.  Nothing  has 
yet  been  found  which  resists  the  corro- 
sive action  of  basic  slags  so  well. 

The  materials  of  which  fire  bricks  are 
generally  made,  however,  are  fire  clays, 
which  are  hydrated  silicates  of  alumina, 
containing  from  fifty  to  sixty-five  per 
cent  of  silica,  thirty  to  seventy-five  per 
cent,  of  alumina,  and  eleven  to  fifteen 
per  cent,  of  water.  The  relation  between 
the  silica  and  alumina  is  exceeedingly 
variable,  owing  to  the  fact  that  a  part  of 
the  silica,  which  is  not  always  the  same, 
is  combined  and  a  part  uncombined. 
The  quantity  of  water  is  also  variable, 
as  part  of  it  is  hydroscopic  and  can  be 
drawn  off  without  injury  to  the  clay. 
The  plasticity  generally  depends  on  the 
water  of  combination,  which,  when 
driven  off  at  a  red  heat,  cannot  be  made 
to  combine  again,  so  that  this  property 
is  then  entirely  lost.  It  contains,  be- 
side, a  small  quantity  of  other  elements, 
such  as  potash,  soda,  lime,  magnesia,  and 
iron,  and  is  generally  less  refractory,  as 
it  contains  more  of  them.  When  it  con- 
tains from  six  to  ten  per  cent,  it  will 
generally  melt.  When  the  clay  is  silici- 
ous,  three  to  four  per  cent,  of  other  sub- 
stances make  it  fusible.  When  it  is  alu- 
minous, six  to  seven  per  cent,  of  oxide 
of  iron  does  not  make  it  lose  its  refrac- 
tory qualities,  owing  to  the  very  refrac- 
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tory  nature  of  most  aluminates.  When, 
therefore,  the  corrosive  effects  of  basic 
slags  are  to  be  feared,  aluminous  clays 
must  be  used.  t 

Almost  all  clays  contain  organic  mat- 
ter; if  it  is  present  alone  it  makes  the 
clay  more  refractory,  since  the  presence 
of  even  a  small  amount  of  carbon  tends 
to  increase  its  resistance  to  heat,  as  seen 
in  graphite  crucibles.  Pure  material, 
composed  exclusively  of  silica  and  alu- 
mina, would  be  completely  infusible. 
Such  material  is,  however,  exceedingly 
rare.  The  property  of  infusibility  is  al- 
ways more  or  less  compromised,  by  the 
presence  of  foreign  substances,  which 
tend  to  damage  it  or  take  it  away  alto- 
gether. The  clay,  which  according  to 
Brognaird  is  the  most  refractory  when 
deprived  of  its  hygrometric  water,  has 
the  composition  :  silica,  57.42;  alumina, 
42.58. 

While  the  refractory  nature  of  clay  is 
due,  to  a  very  great  extent,  to  its  chemi- 
cal composition,  it  is  not  due  to  it  alone. 
There  are,  probably,  no  two  beds  of  clay 
in  the  world,  or  distant  parts  of  the  same 
bed,  that  have  exactly  the  same  compo- 
sition, and  yet  they  may  be  very  nearly 
of  the  same  quality.  The  power  to  re- 
sist heat  is,  undoubtedly,  owing  in  part 
to  the  molecular  condition  of  the  parti- 
cles, a  subject  which  has  been  but  little 
studied,  and  is  but  little  understood. 
Many  clays,  which  would  be  rejected 
from  chemical  analysis  alone,  are  some- 
times found  in  practice  to  be  excellent 
refractory  materials.  It  has  been  found 
that  the  refractory  nature  of  the  clay  de- 
pends also  to  a  great  extent  on  the  me- 
chanical arrangement  of  the  particles, 
for  of  two  materials  having  exactly  the 
same  chemical  composition,  one  being 
coarse,  and  the  other  in  a  fine  powder, 
the  coarse  may  be  practically  infusible, 
while  the  fine  may  be  more  or  less  easily 
fusible.  The  more  porous  the  same  sub- 
stance is,  the  more  infusible  it  will  be. 
It  may  be  said  in  general  terms  that  the 
value  of  a  given  refractory  clay  will  be 
inversely  as  its  coarseness  and  as  the 
amount  of  iron  contained.  When  the 
amount  of  iron  reaches  five  per  cent., 
the  material  becomes  worthless.  This  is 
true,  however,  only  in  general,  for  Petti- 
gand  cites  an  excellent  clay  from  Spain, 
in  which  there  is  twenty-five  per  cent. 


of  iron.     This  is,  however,  an  exception, 
and  will  be  referred  to  again. 

In  order  to  be  useful,  clays  should  be, 
or  should  be  made  to  be,  more  or  less 
plastic,  as  this  property  is  necessary  to 
their  being  moulded  into  the  shapes  re- 
quired. This  plasticity  is  owing — first, 
to  the  fineness  of  the  particles,  to  the 
presence  of  alumina,  and  to  the  water  of 
combination.  It  is  diminished  by  the 
presence  of  iron,  lime,  and  magnesia. 
The  refractory  nature  of  the  clays,  then, 
is  due  to  the  presence  of  alumina,  and  to 
the  absence  of  potash,  soda,  lime,  mag- 
nesia and  iron.  The  characteristics  of 
all  fine  clays  may  be  said* to  be  that  they 
do  not  effervesce  with  acids,  that  they 
make  a  paste  with  water,  which  is  ab- 
sorbed so  rapidly  as  to  make  a  slight 
noise.  This  paste  can  be  drawn  out 
without  breaking,  and  is  very  plastic. 
Dry,  they  are  solid,  and  break  into  scales 
when  struck.  They  have  a  soapy  feel, 
are  scratched  or  polished  by  the  nail; 
can  be  cut  into  long  ribbons  with  a  knife, 
and  appear  somewhat  like  horn.  When 
fresh  from  the  quarry  they  have  a  more 
or  less  fetid  odor,  owing  to  the  presence 
of  some  decomposed  organic  substances. 
In  composition  they  contain,  as  we  have 
seen,  either  silica  or  alumina  in  excess. 
Silica  in  excess  makes  them  rough,  and 
takes  away  most  of  their  plasticity  and 
tenacity.  Alumina  makes  them  very 
plastic;  magnesia  makes  them  very  unc- 
tuous, and  almost  soapy,  but  does  not 
make  them  fusible;  lime  makes  them  dry 
and  fusible;  iron  and  other  substances 
change  the  color,  an/I,  beyond  certain 
very  restricted  limits  makes  them  fusi- 
ble. The  gray  and  brown  colors,  up  to 
black,  are  owing  to  a  small  percentage 
of  bituminous  material.  White  clays 
are  generally  considered  the  best,  but 
there  is  no  certainty  about  it,  as  they 
often  crack,  or  even  melt.  It  is  general- 
ly an  excellent  sign  when  they  leave  un- 
broken lines  when  scratched  by  the  nail. 
It  is,  however,  never  safe  to  judge  by 
the  eye  or  touch,  as  some  of  their  chief 
characteristics  apply  equally  well  to  ma- 
terials not  in  the  least  refractory,  and 
even  those  that  are  peculiar  to  them  may 
be  taken  away  by  improperly  drying 
them,  by  carelessness  in  storing  or  hand- 
ling them,  or  by  allowing  them  to  be- 
come mixed  with  other  substances.  A 
preliminary  analysis  gives  only  a  general 
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idea  of  their  nature,  but  it  is  not  always 
a  safe  guide  to  the  manufacturer,  who 
needs  first  an  analysis  and  then  an  assay, 
for  some  of  the  most  inferior  clays,  if  we 
should  judge  by  their  analysis,  give  ex- 
cellent results  when  used  as  mixtures. 
Analysis  is  necessary  both  before  and 
after  the  assay,  but  there  is  a  molecular 
force  which  seems  to  have  more  to  do 
with  the  value  of  the  material  than  the 
ehemical  composition.  The  greater  this 
force  is,  the  less  likely  the  heat  is  to 
overcome  it,  either  to  cause  disintegra- 
tion or  chemical  union.  If  possible  to 
do  so,  all  clays  should  undergo  some 
process  of  preparation,  with  a  view  of 
purifying  them. 

Every  person  using  clays  should  en- 
deavor to  get  a  certain  knowledge  of 
their  properties  by  assay.  There  have 
been  a  number  of  these  assays  published. 
The  two  simplest  and  best  are,  the  one 
proposed  by  Bischoff,  and  the  foil  assay. 

Bischoff's  assay  is  based  on  the  com- 
parison of  every  clay  with  one  from 
Garnkirk,  in  Scotland,  which  is  taken  as 
a  type.  For  this  purpose,  the  clay  to  be 
examined  is  mixed  with  one,  two,  three 
to  ten  parts  of  quartz.  It  is  then  raised 
to  a  known  temperature  and  compared. 
If  the  clay,  with  three  parts  silica,  acts 
like  the  Scotch  clay  with  one,  it  is  called 
three,  and  so  on.  The  best  and  simplest 
assay  seems  to  be  one  made  by  the  blow- 
pipe, which  consists  in  mixing  a  small 
quantity  of  clay  with  water,  and  then 
spreading  it  out  carefully  on  a  piece  of 
platinum  foil  in  a  very  thin  sheet,  which 
when  completely  dried  is  submitted  to 
the  flame  and  compared  with  clay  of 
known  fusibility  prepared  in  the  same 
way.  Very  few  clays  jean  be  used  as 
found.  They  must  be,  as  it  were,  sus- 
pended in  some  infusible  material,  which 
will  prevent,  as  far  as  possible,  the  me- 
chanical effects  of  the  heat,  and  allow, 
at  the  same  time,  of  a  certain  amount  of 
expansion  and  contraction,  while  pre- 
venting both  in  too  great  a  degree. 
These  materials  are  generally  called 
"  lean,"  that  is,  they  do  not  make  a  paste 
with  water  and  require  spme  binding 
material  to  keep  them  together.  They 
are  usually  quartz  sand  or  pulverized 
quartz,  burnt  clay,  old  bricks,  serpen- 
tines, talc,  graphite  in  powder,  and  not 
infrequently  small  coke,  when  the  ash  is 
not   to   be   feared,    and   when   graphite 


either  cannot  be  had,  or  cannot  be  used 
on  account  of  its  high  price.  Some  few 
clays  from  Spain  contain  this  material, 
which  comes  from  the  decomposition  of 
talc  shale  in  which  they  have  been  sus- 
pended by  nature,  but  this  is  a  rare  ex- 
ception. The  mixture  must  generally 
be  made  artificially.  Of  all  these  sub- 
stances quartz  sand  is  the  cheapest,  but 
it  has  been  found  by  experience  that 
round  grains  of  sand  are  less  liable  to 
become  thoroughly  incorporated  with 
the  binding  material  than  the  angular 
pieces  of  crushed  quartz,  so  that  when  a 
very  refractory  material  is  required 
crushed  quartz  is  always  used.  As  the 
clay  contracts,  and  quartz  expands,  a 
mixture  may  be  made  which  will  not 
change  its  form;  but  in  a  given  case 
this  may  not  be  the  best  mixture  for  a 
special  use.  If  the  material  has  only  to 
resist  great  heat,  an  excess  of  quartz  is 
preferable;  but  if  it  must  also  resist  the 
corrosive  action  of  basic  slags,  clays 
burnt  at  a  high  heat,  graphite  or  coke 
can  be  used.  When  the  mixture  is  made 
in  the  place  where  it  is  to  be  used,  with- 
out previous  burning,  it  is  generally 
made  of  one-fifth  plastic  clay  and  four- 
fifths  burned  clay  or  quartz,  or  one-fourth 
lean  clay  and  three-fourths  burnt  clay  or 
quartz.  This  is  clone  to  avoid  contrac- 
tion. It  is  a  most  economical  construc- 
tion, even  in  blast  furnaces,  and  is 
coming  more  and  more  into  use. 

The  clay,  when  mined,  is  left  exposed 
to  the  air  under  sheds,  and  is  cleaned 
and  carefully  dried,  and  is  afterwards 
mixed  with  the  substances  with  which  it 
is  to  be  incorporated,  which  are  classified 
by  numbers,  varying  according  to  the 
size  of  the  sieve  holes  through  which 
they  will  pass.  The  quantity  and  quali- 
ty of  the  mixture  will  determine  the  re- 
fractory nature  of  the  material  to  be  pro- 
duced. A  friable  paste,  with  large 
grains,  and  quite  porous,  resists  a  great 
heat.  One  with  fine  grains,  close  and 
compact,  splits  at  a  high  heat,  especially 
if  it  is  not  homogeneous.  The  manner 
in  which  the  mixture  is  made  also  in- 
fluences the  quality  of  the  brick  quite  as 
much  as  the  material.  In  some  works  in 
Belgium,  after  taking  all  the  ordinary 
precautions  to  make  the  mixture  perfect, 
it  is  submitted  to  a  succession  of  shocks 
continued  for  some  time,  until  it  is  found 
by  experiment  that  the  materials  are  per- 
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fectly  mixed.  It  has  been  found  by 
long  experience  that  the  bricks  so  made 
kept  their  form  perfectly,  while  others 
made  of  exactly  the  same  mixture  in  the 
ordinary  way  contract.  The  quantity 
and  size  of  the  mixture  depend  upon  the 
size  of  the  article  to  be  manufactured. 
When  coarse  grains  are  used,  greater 
thickness  must  be  given  to  the  sides  of 
the  articles  if  they  are  hollow,  and  they 
must  be  made  larger  if  they  are  solid, 
thus  giving  a  mechanical  cohesion  where 
a  chemical  one  is  wanting.  The  usual 
quantities  of  the  mixture  are  two-fifths 
to  two-thirds  of  the  substances  added  to 
two-fifths  to  one-third  of  the  clay,  these 
quantities  being  determined  by  volume 
and  not  by  weight.  When  coke  dust  is 
used  it  does  not  seem  to  have  any  de- 
cided effect  beyond  one-tenth.  The 
action  of  coke  or  graphite  is  to  decom- 
pose the  metallic  oxides  as  they  form, 
and  thus  prevent  their  union  with  the 
material  of  the  crucible.  Coke  may  be 
profitably  used  in  the  place  of  graphite 
when  the  ash  is  in  small  quantity,  free 
from  iron  and  highly  aluminous.  Be- 
yond two  to  three  per  cent,  graphite  can- 
not be  profitably  used,  as  it  weakens  the 
article  and  renders  it  liable  to  break. 
The  mixture  which  gives  the  very  best 
results  for  small  objects  is,  however, 
worthless  for  large.  It  will  generally 
be  found  that  the  pieces  which  crack  up 
and  down  in  drying  have  had  too  much 
material  mixed  with  the  clay,  and  those 
which  crack  laterally  have  had  too  much 
clay. 

The  very  greatest  importance  is  at- 
tached in  some  industries  to  not  having 
a  mixture  made  by  a  machine.  In  most 
places  even  to  this  day  the  inhuman 
method  of  heel  treading  is  used,  because 
either  from  the  fact  that  more  care  is 
exercised,  or  because  smaller  quantities 
are  mixed  at  once  better  results  are  ob- 
tained. The  more  the  operations  of 
mixing  are  repeated,  the  better  the  ma- 
terial, and  it  is  undoubtedly  true  that 
with  mechanical  means  such  a  homogene- 
ous paste  is  not  produced  as  can  be  made 
by  human  labor,  because  the  whole  ob- 
ject of  the  machine  is  to  operate  on  large 
quantities  at  a  time. 

The  paste  made,  and  the  article  com- 
pleted, it  must  be  dried  or  "tempered." 
This  is  commenced  in  the  open  air,  and 
if   possible    out   of    the    draft.     If    the 


draft  cannot  be  excluded,  the  place  where 
the  drying  takes  place  is  slightly  heated, 
commencing  at  a  temperature  from  60° 
to  70°  Fahr.,  and  keeping  it  up  from 
twenty-five  to  thirty  days,  then  increas- 
ing it  from  80°  to  100°,  leaving  the  arti- 
cle as  long  as  possible,  and  so  on,  an  ac- 
tive ventilation,  but  the  same  tempera- 
ture, being  kept  up.  The  article  should 
remain  in  a  temperature  of  from  150°  to 
180°  for  at  least  six  weeks.  Bricks  do 
not  generally  require  so  much  care;  but 
crucibles  and  retorts  do.  Long  experi- 
ence has  proved  that  there  is  a  great 
economy  in  conducting  this  process  of 
tempering  as  slowly  as  possible,  and 
that  it  influences  materially  the  refrac- 
tory nature  of  the  article.  It  is  found 
by  actual  experiment  in  crucible  works, 
that  those  crucibles  made  from  the  same 
mixture,  tempered  during  six  to  eight 
months,  last  more  than  three  times  as 
long  as  those  which  had  been  tempered 
only  two  ;  so  that  in  general  the  older 
the  article  before  being  burned  the  bet- 
ter. This  desiccation,  while  perhaps  it 
is  the  most  important  part  of  this  manu- 
facture, is  undoubtedly  the  one  most 
neglected.  A  poor  article  well  tempered 
is  often  better  than  the  best  which  has 
been  hastily  dried.  By  working  rapidly, 
andffilling  up  cracks  as  they  form  in  a 
too  rapidly  heated  drying  house,  with  a 
very  liquid  material,  in  order  to  secure 
complete  penetration,  both  time  and 
money  are  lost.  The  material  never 
lasts  nearly  so  long  as  when  slowly 
dried.  In  the  works  at  Andenne,  in 
Belgium,  large  pieces,  like  glass  house 
pots,  are  kept  six  months  in  the  drying 
house  before  they  are  burned,  and  during 
this  time  the  greatest  care  is  taken  to 
prevent  drafts,  and  in  allowing  any  air 
colder  than  the  drying  room  to  strike 
them.  Leaving  the  door  of  the  drying 
furnace  open  has  been  known  to  crack 
the  pieces,  which  had  been  up  to  this 
point  most  carefully  prepared  and  tem- 
pered. 

In  reviewing  the  effects  which  the 
different  elements  which  constitute  re- 
fractory materials  have,  we  find  that 
the  same  element  often  produces  exactly 
contrary  effects,  according  to  the  pro- 
portion in  which  it  is  present,  and  that 
there  is  nothing  anomalous  in  those 
effects  being  so  produced.  Silica  causes 
expansion  when  highly  heated,  so  that 
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the  moulds  in  which  the  bricks  are  made 
must  be  smaller  than  the  brick  is  to  be. 
Every  mixture  has  its  own  peculiar  rate 
of  expansion  and  contraction.  This  ex- 
pansion not  only  takes  place  when  the 
bricks  are  made,  but  if  when  used  they 
are  submitted  to  a  higher  degree  of  heat, 
they  expand  still  further,  and  contract 
again  on  cooling  to  such  an  extent,  that 
at  Dowlais  the  tie  rods  of  the  steel  fur- 
nace are  slackened  when  the  furnace  is 
getting  into  heat,  and  are  tightened 
again  as  it  cools.  At  Crewe,  this  is 
made  self-acting  by  means  of  springs. 
At  Creusot  the  furnace  casing  is  made 
so  strong  as  to  resist  the  pressure,  so 
that  the  center  of  the  roof  arch  must 
rise  and  fall,  to  allow  for  the  expansion 
and  contraction.  When  neutral  brick 
must  be  had  for  any  reason,  it  is  mixed 
with  just  enough  clay  and  burned  brick 
to  make  it  keep  its  form,  and  such  a 
brick  is  generally  less  fusible,  as  it  con- 
tains less  silica. 

Alumina  alone,  or  with  silica  in  the 
proportion  of  thirty  to  thirty-eight  per 
cent.,  is  very  refractory;  but  three  per 
cent,  of  it  in  a  silica  brick  makes  it  fusi- 
ble. In  clay,  or  pure,  it  tends  to  con- 
tract, and  this  tendency  is  greater  as  the 
alumina  is  in  greater  quantity,  and  the 
heat  of  manufacture  has  been  low,  but 
when  it  has  been  very  highly  heated  at 
first  it  afterwards  undergoes  but  little 
change.  Though  both  silica  and  alu- 
mina affect  each  other  so  unfavorably, 
Bischoff  found  that  four  of  alumina  to 
one  of  silica  or  two  to  one,  or  one  to  one, 
only  sintered  before  the  oxyhydrogen 
blowpipe,  making  masses  with  a  granu- 
lar fracture.  One  of  alumina  to  two  of 
silica  was  fusible  like  porcelain,  but  still 
somewhat  granular.  One  of  alumina  to 
four  of  silica,  and  one  or  alumina  to  six 
of  silica  melted  like  a  thick  enamel, 
which  shows  that  the  acid  silicates  of 
alumina  are  much  more  fusible  than  the 
basic.  He  also  found,  that  a  mechanical 
mixture  of  alumina  and  silica  was  less 
fusible  than  the  same  amount  in  a  natural 
combination,  and  that  in  general  silicates 
already  formed  are  more  fusible  than  a 
mixture  of  their  constituents.  The 
general  property  of  alumina,  when  mixed 
with  other  substances,  is  to  bind  them 
together.  When  combined  with  iron  or 
other  bases  alone  it  makes  infusible  alu- 
minates;  but  if  silica  is  present,  it  fuses 


more  or  less  easily.  It  is  generally  con- 
ceded that  the  proportion  of  alumina  in 
a  brick  should  be  between  ten,  twenty 
and  seventy-five  per  cent. 

The  alkalies  in  small  quantity  make  a 
brick  fusible.  There  is  a  great  difference 
of  opinion  among  those  who  have  studied 
this  subject  with  regard  to  the  quantity. 
Mr.  Snelus  states  positively  that  one  per 
cent,  of  alkalies  in  an  otherwise  good 
material  makes  it  too  fusible  to  with- 
stand high  temperatures.  Mr.  Riley 
states,  with  equal  positiveness,  that  he 
has  found  brick  containing  2.73  per  cent, 
of  potash  to  resist  the  greatest  heat  of  a 
Siemens-Martin  furnace.  It  is  probable 
that  both  are  right,  and  that  in  the 
special  cases  alluded  to,  the  peculiarities 
were  owing  to  the  association  of  ele- 
ments. In  any  case,  a  material  with  a 
very  small  percentage  of  alkalies  cannot 
be  used. 

Lime  alone  is  completely  infusible;  but 
in  very  small  quantities  in  a  clay,  it 
makes  a  brick  fusible  at  high  tempera- 
tures. One  per  cent,  of  it  with  silica 
makes  the  most  infusible  brick  knowm. 
Magnesia  in  small  quantities  makes  the 
clay  fusible.  In  very  large  quantities  it 
is  very  refractory.  "Alone,  it  is  entirely 
infusible. 

Oxide  of  iron  in  the  absence  of  alka- 
lies, may  be  present  in  small  quantities 
without  seriously  affecting  a  clay,  unless 
it  is  to  be  used  for  melting  steel.  If  al- 
kalies are  present,  any  proportion  of  iron 
would  make  such  a  clay  worthless.  If 
no  silica  at  all  is  present,  five  or  six  per 
cent,  may  not  damage  it.  In  a  silica 
brick  two  to  three  per  cent,  of  iron  makes 
the  brick  worthless.  If  the  iron  was  al- 
ways certain  to  remain  in  the  state  of  a 
sesquioxide,  its  compounds  would  be 
much  more  infusible,  and  a  large  percent- 
age would  do  no  injury;  but  some  of  the 
sesquioxide  is  certain  to  become  reduced 
to- protoxide  in  the  presence  of  reducing 
gases,  and  the  result  is  a  very  fusible 
compound  in  the  presence  of  silica. 

There  is  a  still  more  deleterious  and 
dangerous  effect  of  iron  in  fire-brick,  be- 
cause its  effects  are  produced,  not  at  a 
high  heat,  but  at  a  comparatively  low 
temperature.  It  is  well  known,  since 
the  researches  of  Bell  and  others,  that 
when  a  brick,  containing  iron,  is  exposed 
even  at  a  low  temperature  to  gases  con- 
taining  carbon,   that  part   of   this  car- 
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bon  is  deposited  near  the  iron;  this  has 
often  not  only  caused  the  brick  to  lose 
its  cohesion,  but  may  even  burst  it,  so 
as  to  throw  down  the  iron  walls  of  fur- 
naces, and  the  linings  of  flues.  •  The 
presence  of  iron  is,  therefore,  doubly  to 
be  dreaded,  as  its  presence  is  quite  as 
deleterious  at  low  temperatures  as  at 
high. 

As  much  as  one  per  cent,  of  titanium 
has  been  found  in  some  clays.  Little  is 
known  about  it ;  but  it  appears  to  act 
like  silica. 

Bischoff  found  that  twenty  per  cent, 
of  magnesia,  twenty-eight  of  lime,  47.1 
of  potash,  or  forty  per  cent,  of  iron,  had 
exactly  the  same  effect  in  making  the 
clays  fusible,  and  that  when  four  and 
two  of  the  different  bases  were  used,  the 
relation  was  striking,  and  in  about  the 
same  order.  The  quantity  of  other  sub- 
stances necessary  to  make  a  compound 
fusible,  depends  upon  the  quantity  of 
silica  present — the  more  the  silica  the 
less  the  quantity.  It  will  thus  be  seen 
that  while  the  predominance  of  any  one 
element  will  materially  affect  the  nature 
of  the  materials,  it  is  more  the  way  in 
which  the  different  ingredients  are  group- 
ed together  than  their  individual  per- 
centage, which  affects  the  nature  of  the 
brick,  and  frequently,  above  ail  these, 
the  mechanical  and  molecular  arrange- 
ment of  the  particles  which  determines 
its  commercial  value. 

The  essential  qualities  of  a  good  brick 
may  be  stated  as  follows:  first,  uniformi- 
ty :  second,  regularity  of  shape,  and  the 
power  to  retain  it  under  all  circum- 
stances, which  involves  perfect  unity  of 
composition ;  third,  strength  to  resist  the 
different  pressures  required  under  dif- 
ferent circumstances  ;  and,  fourth,  its 
cheap  price.  No  material  yet  manu- 
factured fulfills  all  these  conditions;  but 
there  seems  to  be  no  reason  why,  with 
the  proper  investigation,  a  material 
should  not  be  made  which  will  fulfill 
most  of  them.  The  metallurgical  world 
is  nearly  agreed  that  the  refractory  ma- 
terial of  the  future  must  be  made  arti- 
ficially, and  that  it  is  hopeless  to  look 
for  it  among  natural  products.  No  brick 
can  come  up  to  the  modern  standard  of 
in  fusibility,  which  contains  five  per  cent, 
of  iron,  or  three  per  cent,  of  combined 
alkalies  or  alkaline  earths,  yet  the  most 
infusible  brick  that  is  known,  which,  in 


the  roof  of  a  Siemens-Martin  furnace 
will  resist  during  250  charges,  and  then 
wear  out  by  abrasion,  when  required  to 
come  in  contact  with  metals,  oxides,  and 
alkalies  in  a  spiegel  "cupola,  will  hardly 
stand  twenty-five  heats,  while  an  iron 
pipe  coil,  which  is  easily  destroyed  by 
heat,  will  last  almost  indefinitely  in  the 
same  cupola,  provided  only  a  sufficient 
stream  of  water  is  run  through  it.  Dif- 
ferent furnaces,  and  different  parts  of 
the  same  furnace  should,  therefore,  be 
treated  differently,  instead  of  being 
treated  by  the  same  Procrustean  methods, 
as  is  frequently  the  case.  If  silica  makes 
the  best  roof,  it  makes  the  worst  hearth. 
Alumina,  when  present  in  very  large 
quantities,  even  in  the  presence  of,  a 
small  amount  of  silica,  makes  compounds 
which  are  almost  infusible,  so  that  it 
should  be  used  for  the  fire  bridges  and 
hearths,  and  not  put  into  the  roof,  where 
its  tendency  to  contract  would  endanger 
the  structure  of  the  furnace. 

Far  too  little  attention  has  been  given 
to  the  abrasive  and  corrosive  power  of 
coal  dust  and  ashes  carried  by  the  draft, 
in  gradually  cutting  and  fluxing  away  the 
parts  of  the  furnace  exposed  to  its  action, 
and  many  qualities  of  brick  which  are  in- 
fusible in  the  assay,  owe  their  small 
power  of  resistance  to  its  effect.  A 
brick  to  be  used  where  is  to  be  exposed 
to  such  action,  should  always  be  tested 
by  placing  it  for  a  considerable  time  on 
the  bridge  of  the  furnace  where  it  is  to 
be  used,  for  the  destructive  effects  of 
this  almost  unobserved  agency  seems  to 
be  greater  than  those  of  long  continued 
heat. 

A  good  brick  should  not  only  resist 
high  temperatures,  but  sudden  changes 
of  temperature,  without  alteration  of  any 
kind,  such  as  crushing,  splitting,  etc., 
and  at  a  high  temperature  should  under- 
go the  least  possible  change  of  form.  In 
general,  it  may  be  said,  that  bricks  which 
have  undergone  a  very  high  temperature 
in  the  manufacture  are  less  likely  to  con- 
tract afterwards.  Shrinkage  is  generally 
due  to  insufficient  burning,  or  to  a  too 
small  proportion  of  old  material  in  the 
mixture,  and  generally  occurs  in  alumin- 
ous bricks.  Its  chief  evil  is  in  allowing 
the  flame  to  penetrate  the  open  joints 
and  give  the  dust  an  opportunity  to  cut 
between  the  bricks,  for  any  cause  which 
produces  eddies  in  the  flames,  such  as 
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hollows  or  projecting  surfaces,  is  certain 
to  effect  the  destruction  of  that  part  of 
the  furnace.  Silicious  bricks  have,  on 
the  contrary,  a  tendency  to  expand  un- 
der the  influence  of  intense  heat.  This 
is  true  to  such  an  extent  that  in  the  steel 
furnace  where  they  are  used  provision 
must  be  made  for  slackening  the  tie  rods 
when  the  fire  is  being  raised,  and  tight- 
ening them  when  it  is  being  cooled. 

The  crushing  weight  of  an  ordinary 
fire-brick,  cold,  is  from  600  to  1,000 
pounds,  but  some  of  the  best  have  been 
known  to  resist  as  high  as  3,000  pounds 
to  the  square  inch.  To  insure  the  safety 
of  the  structure  and  the  success  of  the 
process,  it  should  not  only  retain  its 
power  of  resistance,  but  should  not  un- 
dergo any  change  of  form  nor  sor'ten 
materially  under  long  continued  heat, 
and  at  the  highest  possible  temperature 
should  support  more  than  double  the 
strain  required  .without  attention.  In 
the  walls  of  the  fire-place  those  bricks 
will  be  best  which  are  dense,  and  con- 
tain an  excess  of  silica.  In  the  hearth 
they  should  contain  an  excess  of  alumina. 
In  the  arch  they  should  be  nearly  pure 
silica,  alumina,  or  magnesia.  Bricks  in 
a  roof  give  out  from  shrinkage,  cracking, 
or  splintering.  Splintering  takes  place 
when  silicate  bricks  are  made  of  impure 
mixtures,  usually  from  too  much  fine 
material  and  from  imperfect  burning. 
Bricks  which  are  liable  to  splinter  are 
generally  cross  grained  and  dense,  with 
a  smooth  conchoidal  fracture  when  made 
from  improper  mixtures,  and  when  from 
bad  burning  they  generally  ring  like  a 
cracked  vessel.  All  good  bricks  wear  off 
evenly. 

No  matter  how  good  a  material  may 
'be,  if  its  price  is  so  high  as  to  prevent 
healthful  competition,  it  might  as  well 
not  exist.  Hence  any  effort  to  furnish  a 
good  material  should  have  for  its  aim  to 
produce  it  at  the  least  possible  cost. 

In  discussing  a  refractory  material  in 
a  given  locality,  there  is  to  be  taken  in- 
to account — first,  the  clay  and  other 
materials  to  be  had;  second,  the  ore  or 
metal  to  be  treated;  third,  the  fuel  to  be 
used;  and  fourth,  the  foreign  substances 
in  the  gangue  of  the  ore  or  metal. 
Whether  to  use  one  clay,  or  a  mixture  of 
calcined  or  raw  clay,  must  be  determined 
by  direct  experiment,  and  then  the  size 
of  the  grains  of  the  mixture  for  the  given 


use,  must  be  determined,  for  each  sub- 
stance is  more  or  less  refractory,  'accord- 
ing as  it  is  coarse  or  fine.  Thus  in  Bel- 
gium, a  porous  material  with  a  large 
grain  is  used  for  blast  furnace  brick,  but 
a  fine  material  with  a  close  grain  for 
coke  furnaces,  the  chemical  composition 
being  the  same  in  both  cases.  It  must 
then  be  ascertained  whether  the  mixture 
contracts  or  expands,  for  there  are  clays 
that  contract  and  expand  between  one- 
thirty-second  and  one-eighth.  The  way 
in  which  the  material  tempers  must  then 
be  carefully  studied.  It  is  not  sufficient 
to  have  a  good  material,  for  almost  as 
much  depends  on  its  manipulation  as  on 
the  material  itself.  To  temper  properly, 
the  clay  and  the  manufactured  article 
should  both  be  dried  gradually  and  uni- 
formly. It  must  be  fired  evenly,  and  the 
temperature  slowly  raised  to  the  proper 
point.  If  it  is  to  be  used  in  the  run 
state  as  ganisters,  it  must  be  equally 
moist  throughout,  so  as  to  dry  uniformly, 
and  not  so  wet  as  to  cause  it  to  crack  in 
drying,  or  so  dry  as  to  prevent  its  bind- 
ing. The  brick,  or  other  material,  once 
made,  should  be  kept  from  dampness, 
as  it  is  porous,  and  likely  to  absorb 
moisture;  they  should  be  heated  before 
being  used  in  the  furnace,  and  put  in  as 
hot  as  it  is  possible  to  handle  them.  If 
the  furnace  is  in  blast,  this  requires  a 
special  furnace,  and  a  high  heat.  If  it 
is  to  be  put  in  blast  at  once,  especially 
with  silica  bricks,  the  temperature  should 
be  as  high  as  the  hand  can  bear.  If  the 
furnace  is  to  be  a  long  time  standing, 
this  precaution  is  not  necessary,  but  in 
the  last  two  cases  the  furnace  must  be 
dried  very  carefully  and  slowly.  No 
brick  which  has  been  dressed  should 
ever  have  the  dressed  face  exposed  to 
the  flame.  Without  the  observation  of 
these  precautions,  a  really  good  brick 
may  have  a  very  bad  result.  It  is  too 
much  the  habit  of  this  age  to  be  in  a 
hurry  to  get  results,  and  this  has  led 
some  blast  furnace  managers  to  boast, 
that  steam  was  issuing  from  the  top  of 
their  furnace,  while  cast  iron  was  being 
tapped  from  the  bottom;  but  under  such 
management  we  never  hear  of  long  cam- 
paigns; but  very  frequently  hear  of  dis- 
asters. 

It  is  thus  seen  that  a  brick  which  is 
good  for  the  cupola  would  be  worthless 
for  the  reverberatory  furnace ;  that  which 
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answers  well  for  iron,  would  generally 
be  worthless  for  zinc,  and  a  crucible 
which  is  excellent  for  steel  cannot  be 
used  for  brass.  It  is  the  way  to  realize 
progress  to  keep  analyzing  natural  sub- 
stances until  we  find  the  right  one,  or 
make  repeated  trials  and  depend  upon 
them  alone.  All  investigations  go  to 
show  that  we  should  look  for  artificial, 
and  not  for  natural  compounds;  and 
that  when  we  have  made  a  mixture 
which  has  stood  well,  we  are  then  to 
analyze  and  examine  it  in  order  to  repro- 
duce it.  Failure  in  this,  as  in  many 
other  cases,  is  very  often  owing  to  wrong 
application  of  good  materials,  rather  than 
fault  in  the  materials  themselves. 

It  is  evident  that  no  real  progress  can 
ever  be  made  by  any  haphazard  investi- 
gation. Chemical  examination  is,  to  a 
certain  extent,  a  guide;  but  taken  alone, 
it  does  not  lead  to  any  certain  conclu- 
sion, for  materials  which  on  mere  chemi- 
cal analysis  have  been  theoretically  de- 


clared worthless,  have,  in  actual  practice, 
on  account  of  some  physical  peculiarity 
which  escaped  observation,  been  shown 
to  be  of  great  value.  Besides,  a  sub- 
stance of  no  value  alone  may,  in  a  mix- 
ture, be  an  almost  indispensable  article. 
To  the  analysis  must  be  added  the  as- 


say; 


and    when   these   have    both  been 


carefully  made,  the  commercial  trial. 
After  this  has  been  done,  there  should 
be  a  complete  chemical,  microscopical, 
and  physical  examination  of  the  sub- 
stance, to  determine  what  physical  or 
mechanical  changes  have  taken  place,  or 
whether  it  has,  or  has  not,  undergone 
deterioration.  Only  the  general  outline 
of  such  an  investigation  could  be  traced 
beforehand,  and  probably  no  one  com- 
pany would  be  justified  in  bearing  the 
whole  expense  of  it,  but  there  is  no 
doubt  that  if  wisely  planned  and  carried 
out,  it  would  save  millions  of  dollars 
every  year  to  the  iron  and  steel  indus- 
tries alone. 


MEDIAEVAL  AND  MODERN  CRAFTS  AND  CRAFTSMEN. 


From  "  The  Builder." 


Teade  marks  by  many  have  been  con- 
sidered quite  modern  adoptions  by 
makers  and  manufacturers,  but  identi- 
fication of  work  by  certain  open  or 
occult  symbols  is  as  old  as  history  itself. 
The  early  Masonic  craft  had  their  own 
peculiar  marks,  and  several  of  the  trade 
guilds  of  the  Middle  Ages  enforced  a 
certain  distinguishing  mark  being  cut, 
stamped,  or  engraved  by  workmen  of 
their  crafts  on  the  work  they  executed 
or  offered  for  sale.  Many  instances 
occur  in  the  civic  records  of  London. 
In  one  relative  to  the  "  timiours"  or 
turners,  21  Edward  III,  1347,  we  have 
certain  makers  of  wooden  measures  for 
wine,  ale,  <fcc,  coming  before  the  mayor 
and  aldermen  to  account  for  "manifold 
falsities  and  deceits."  On  this  occasion 
it  was  enacted,  after  some  injunctions 
were  given  to  the  makers  of  these  meas- 
ures, that  "in  future  not  to  make  any 
such  kind  of  measure  of  any  other  wood 
than  dried,  and  that  the  measure  when 
so  made  by  them  must  agree  with  the 


standard  of  the  alderman  in  whose 
ward  each  measure  shall  be  used,  and 
by  the  same  standard  be  examined; 
and  that  each  of  these  makers  should 
have  a  mark  of  his  own,  and  should 
place  such  mark  upon  his  measure,  or 
the  bottom  thereof  without,  when  by  the 
standard  they  should  have  been  examin- 
ed; that  so,  when  any  measure  made  by 
one  of  the  makers  aforesaid  shall  in  any* 
tavern  or  brew-house  be  found  to  be 
false  or  defective,  these,  as  well  as  the 
person  by  whom  such  measure  shall  have 
been  made,  or  he  who  shall  have  sold  by 
such  measure,  shall  incur  the  punish- 
ment at  the  discretion  of  the  mayor  and 
aldermen  for  the  same."  This  was  a 
wholesome  enactment,  and  it  would  be 
well  in  these  days  if  the  manufacturer 
and  user  of  light  weights  and  measures, 
and  the  importer,  wholesale  merchant, 
and  retail  dealer  of  adulterated  foods 
and  drinks  were  severally  held  amenable. 
Among  the  old  Mediaeval  crafts  are 
found  also  more  than  one  instance  of  an 
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enactment  prohibiting  one  maker  from 
using  the  marks  of  another  on  pain  of 
certain  penalties.  In  the  articles  of  the 
"Heaumers"  (makers  of  helmets),  in  the 
same  year  as  that  of  the  preceding  trade 
enactments,  we  have  it  laid  down  "  That 
each  one  of  the  makers  aforesaid  shall 
have  his  own  sign  and  mark,  and  that 
no  one  of  them  shall  counterfeit  the  sign 
or  mark  of  another,  on  pain  of  losing  his 
freedom  until  he  shall  have  bought  the 
•same  back  again,  and  made  satisfaction 
to  him  whose  sign  he  shall  have  so  coun- 
terfeited; and,  further,  he  shall  pay  the 
Chamber  40s."  This  was  something 
tantamount  to  damages  in  our  courts  of 
to-day  for  infringing  certain  patent^. 
There  was  no  patent-office  in  1347,  but 
there  was  protection  for  trade-marks 
notwithstanding.  How  slow,  after  all, 
have  we  moved  in  this  country  in  the 
registration  of  trade-marks  !  It  appears 
by  the  articles  of  the  "  Heaumers  "  that 
there  was  scamping  in  their  trade  as 
well  as  others,  for  it  is  stated  before  the 
mayor  and  aldermen,  in  the  articles  of 
the  said  trade  as  accepted  at  the  suit 
and  request  of  the  men  of  the  trade, 
that, — "  Forasmuch  as  heretofore  some 
persons  coming  in  who  are  strangers, 
have  intermeddled,  and  still  do  inter- 
meddle, in  the  making  of  helmetry, 
whereas  they  do  not  know  their  trade, 
by  reason  whereof  many  great  men  and 
others  of  the  realm  have  been  slain 
through  their  fault,  to  the  great  scandal 
of  the  said  trade;  it  is  ordained  that  no 
person  shall  from  henceforth  intermeddle 
or  work  at  helmetry,  if  he  be  not  proved 
to  be  a  good,  proper,  and  sufficient 
workman,  by  the  wardens  of  the  said 
trade,  on  pain  of  forfeiture  to  the  use  of 
the  Chamber." 

These^  were  the  clays  of  bows  and 
arrows,  pikes,  lances,  swords,  and  skull- 
crushers,  when  helmets  .for  the  head 
needed  to  be  strong,  and  armor  for  the 
body  almost  impenetrable.  Doubtless, 
the  "  scamps "  of  the  trade  made  hel- 
mets that  were  easily  pierced  or  battered 
in,  and  hence  the  great  men  of  the  realm 
and  others  spoken  of  were  often  slain. 
Some  good  regulations  are  included  in 
the  articles  of  the  "Heaumers"  similar 
to  those  already  given  in  other  trades. 
In  the  articles  of  the  hatters  in  the  same 
reign  (1347)  there  are  also  several  com- 
mendable   regulations    enacted   for   the 


good  of  the  trade.  We  learn  that  bad 
hats  were  made,  and  mostly  through  al- 
lpwing  work  to  be  done  in  the  trade  by 
night,  and  it  was  ordained  that  no  one 
in  future  should  do  work  "  but  only  in 
the  clear  daylight."  Wardens  were  ap- 
pointed to  make  searches  after  hats  that 
were  "defective  and  not  befitting,  and 
in  deceit  of  the  common  people.  "  We 
learn  from  the  "  articles  "  of  the  trade 
that  "divers  manners  of  hats,"  by  for- 
eign folks  of  divers  counties  (outside 
London)  were  brought  into  the  city  and 
hawked  about  the  streets  in  these  early 
times,  and  by  the  articles  of  the  trade 
strange  persons  (those  who  were  not 
resident  freemen  or  free  of  the  trade) 
bringing  hats  into  the  city  for  sale  were 
forbidden  to  sell  them  by  retail  and  only 
by  the  gross,  and  then  only  to  freemen 
of  the  city,  on  the  pain  of  losing  the 
same.  The  other  rules  and  regulations 
of  the  trade  were  similar  to  some  already 
described.  In  the  ordinances  of  the 
Pewterers,  22  Edward  III,  1348,  there 
are  certain  special  points  set  out  respect- 
ing good  work  and  materials,  and  from 
the  requirements  and  acquirements 
needed  it  may  be  seen  that  the  pewter- 
ers went  in  for  a  degree  of  technical 
education  as  absolutely  indispensable  to 
the  proper  practice  of  their  handicraft. 
The  ordinances  of  the  trade  start  in  the 
first  place  in  this  manner  : — "  Seeing 
that  the  trade  of  pewtering  is  founded 
upon  certain  matters  and  "metals,  such 
as  copper,  tin,  and  lead,  in  due  propor- 
tions of  which  three  metals  they  make 
vessels,  that  is  to  say  pots,  salt-cellars, 
esquelles  [deep  plates,  or  porringers], 
platters,  and  other  things  by  good  folks 
bespoken,  which  works  demand  certain 
mixtures  and  certain  alloys,  according  to 
the  manner  of  the  vessel  so  bespoken, 
the  which  things  cannot  be  made  with- 
out good  knowledge  of  a  pewterer,  well 
taught  and  well  informed  in  the  trade; 
seeing  that  many  persons  not  knowing 
the  right  alloys,  nor  yet  the  mixtures  or 
the  right  rules  of  the  trade,  do  work 
and  make  vessels  and  other  things  not 
in  due  manner,  to  the  damage  of  the 
people  and  to  the  scandal  of  the  trade  : 
the  good  folks  of  the  trade  do  pray 
therefore  that  it  may  be  ordained  that 
three  or  four  of  the  most  lawful  and 
most  skillful  in  the  trade  may  be  chosen 
to  oversee  the  alloys  and  the  workman- 
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ship  aforesaid,  and  that,  by  their  ex- 
amination and  assay,  amendment  may 
speedily  be  made  where  default  has  been 
committed."  Certain  vessels  of  pewter 
and  tin  are  described,  and  the  propor- 
tion of  alloy  to  be  used  in  their  manu- 
facture. It  may  be  interesting  to  state 
now  that  in  1348  the  proportions  of  the 
alloy  were  to  1  cwt.  of  tin  22  lb.  of  lead, 
and  articles  so  made  were  called  "  vessels 
of  pewter." 

The  ordinances  of  the  pewterers  were 
very  strict.  Every  one  was  to  be  ac- 
countable for  his  workmanship  in  the 
trade,  and  that  it  was  of  the  proper  ma- 
terials. Journeymen  or  apprentices  in- 
juring their  masters,  or  privily  in  the 
way  of  larceny,  were  punished  for  the 
first  and  second  offences;  and,  if  offend- 
ing the  third  time,  were  ousted  from  the 
trade.  ISTo  one  was  to  be  "  so  daring  " 
as  to  work  by  night  at  the  trade  upon 
articles  of  pewter,  "seeing  that  they 
have  regard  among  themselves  to  the 
fact  that  the  sight  is  not  so  profitable 
by  night,  or  so  certain  as  by  day — to  the 
profit,  that  is,   of  the  community." 

The  ordinances  of  the  pewterers,  like 
some  other  trades  mentioned,  forbid  the 
enticing  away  of  workmen  from  one 
master  for  another.  Journeymen,  serv- 
ing-men, and  apprentices,  were  obliged 
to  fulfill  their  covenants,  and  the  assent 
of  the  master  was  needed  before  a  jour- 
neyman, bound  by  any  agreement,  could 
transfer  his  services  to  another  master. 
How  unlike  1348  in  the  trade  is  1876. 
In  the  ordinances  of  the  Glovers,  same 
reign (134 9)  similar  rules  were  laid  down 
respecting  day-work  and  night-work, 
apprentices  and  journeymen,  good  ma- 
terials, bad  workmanship,  and  the  de- 
frauding of  masters,  as  in  the  former 
trade.  We  learn  that  it  was  a  common 
practice  for  persons,  not  of  the  trade,  to 
entice  the  servants  of  folks  in  the  trade 
and  to  set  them  to  work  in  secret  in  their 
houses,  "and  make  gloves  of  rotten  and 
bad  leather,  and  do  sell  them  wholesale 
to  strange  dealers  coming  into  the  city, 
in  deceit  of  the  people,  and  to  the  great 
scandal  of  the  good  folks  of  said  trade." 
Fines  and  other  punishments  followed 
such  and  like  infringements  when  the 
evil-doers  were  unearthed. 

In  the  ordinance  of  the  Shearmen 
(shearers  of  the  nap  of  cloth),  same  reign 
(1350),  nearly  identical  rules  were  laid 


down  for  observance  as  in  the  two  pre- 
ceding trades.  There  is  one  point,  how- 
ever, worthy  of  notice  in  respect  to  the 
shearmen,  which  is  stated  thus  :  — 
"  Whereas  heretofore,  if  there  was  any 
dispute  between  a  master  in  the  said 
trade  and  his  man  (varlett),  such  man 
has  been  wont  to  go  to  all  the  men 
within  the  city,  of  the  same  trade,  and 
then,  by  covin  and  conspiracy  between 
them  made,  they  would  order  that  no 
one  among  them  should  work  or  serve 
his  own  master  until  the  said  master  and 
his  servant,  or  man,  had  come  to  an 
agreement,  by  reason  whereof  the  mas- 
ters of  the  said  trade  have  been  in  great 
trouble,  and  the  people  left  unserved." 
It  was  ordered  in  future  such  disputes 
should  be  settled  by  the  wardens  of  the 
trade,  and  workmen  not  submitting  to 
be  tried  before  such  were  to  be  arrested 
by  a  sergeant  of  the  Chambers  at  the 
suit  of  the  wardens,  and  brought  before 
the  mayor  and  aldermen.  Punishment 
followed  at  their  discretion.  The 
"covin  and  conspiracy"  among  the 
shearmen  and  other  trades  was  nothing 
less  than  a  "strike,"  and  previously  to 
1350,  and  down  to  our  own  time,  history 
has  been  continually  repeating  itself. 
In  the  same  year  we  find  a  petition  pre- 
sented by  the  master  shearmen  of  the 
trade  respecting  the  scale  of  wages. 
They  allude  to  the  former  ordinances, 
and  say  they  are  well  contented  there- 
with, "Save  only  that  they  desire  that 
they  may  have  their  servants  and  jour- 
neymen at  the  same  wages  that  they 
used  to  have;  for  in  old  times  they  were 
wont  to  have  a  man  to  work  between 
the  Feast  of  Christmas  and  Easter,  at 
3d.  per  day  and  his  table,  and  between 
Easter  and  St.  John  at  4d.  per  day  and 
his  table,  and  from  St.  John  to  the 
Feast  of  St.  Bartholomew  at  3d.  and  his 
table,  and  from  the  Feast  of  St.  Bar- 
tholomew to  Christmas,  in  the  case  of  a 
good  workman,  at  4d.  and  his  table, 
for  day  and  night.  And  now  the  said 
men  will  not  work  otherwise  than  by  the 
cloth  (piece-work  or  a  certain  price  for 
a  certain  piece  of  cloth),  and  they  do 
greatly  hurry  over  the  same,  but  they 
do  great  damage  to  the  folks  to  whom 
such  cloths  belong,  by  reason  whereof 
the  masters  in  the  said  trade  have  great 
blame  and  abuse,  and  take  less  than  they 
were  wont  to  do.     The  masters  in  the 
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said  trade  do  therefore  beg  of  you  that 
it  will  please  you  [the  mayor,  sheriffs, 
and  aldermen]  to  order  that  the  said 
men  may  be  chastised,  and  commanded, 
under  a  certain  penalty,  to  work  accord- 
ing to  the  ancient  usage,  as  before 
stated,  as  a  matter  of  good  feeling 
[charitee]  and  for  the  profit  of  the 
people." 

Here  we  have  an  early  instance  of  the 
piece-work  system  being  adopted  by  the 
workmen  and  opposed  by  the  masters, 
no  doubt  for  reasons  well  known  to 
themselves.  The  case  of  a  "good  work- 
man at  4d.,"  points  to  a  system  of  classi- 
fication. 

It  is  plain,  however,  that  "  scamping  " 
was  carried  on,  and  that  much  bad  work 
was  the  consequence.  It  is  not  stated 
that  the  prayer  of  the  master  shearmen 
was  granted.  The  ordinances  previous- 
ly passed  in  respect  to  the  trade  con- 
tinued in  force;  they  were  confirmed  by 
the  Chamber,  and  subsequently  by  com- 
mand of  the  king.  Piece-work,  it  ap- 
pears, was  agreed  upon,  or  a  certain 
price  for  a  certain'  piece  of  work,  by 
these  ordinances,  which  were  cried  at 
the  time  through  the  city. 

In  the  same  year,  24  Edward  III, 
1350,  owing  to  constant  disputes,  uby 
reason  of  masons,  carpenters,  plasterers, 
tilers,  and  all  manner  of  laborers  who 
take  immeasurably  more  than  they  have 
been  wont  to  take,"  a  number  of  regu- 
lations"and  prices  in  the  city  were  drawn 
up.  These  regulations  included  numer- 
ous trades,  and  settled  the  rate  of  wages 
and  the  prices  of  materials,  work,  goods, 
victuals,  wares,  articles  produced  or  on 
sale.  Weights  and  measures  were  also 
taken  cognizance  of,  and  any  infringe- 
ment of  these  regulations  were  met  by 
certain  fines,  and  in  some  cases  imprison- 
ment and  forswearing  the  city  for  ever. 
It  would  appear  that  in  1350,  when  the 
Corporation  moved  in  the  matter  of 
these  "  Regulations,"  trade  malpractices 
were  rife,  and  were  going  on  for  a  long 
time  unchecked,  and  that  the  public 
were  the  principal  sufferers.  The  work- 
men of  the  building  crafts  seemed  to  be 
in  advance  of  their  fellows,  and  were  not 
disinclined  to  ask,  take,  or  insist  upon 
more  wages  than  what  they  were  wont 
to  take  years  before.  It  was  a  common 
failing,  however,    and  other  crafts  fol- 


lowed suit,  if  they  did  not,  indeed,  show 
the  example   themselves. 

In  the  articles  of  the  Furbishers,  1350, 
good  workmanship  and  good  materials 
were  enjoined,  and  scamping  punished. 
Xo  one  of  the  trade  was  to  make  in  his 
house,  or  allow  to  be  made,  "pommels 
or  hilts  of  swords  if  they  be  not  of  good 
pattern  and  steel,  and  the  scabbards 
must  be  made  of  good  calf  leather." 
False  work  brought  punishment  to  the 
found-out  offender.  Broken  swords 
were  not  allowed  to  be  repaired  or  made 
up  again,  to  the  deceiving  of  the  people, 
nor  new  work  executed  for  "  any  great 
lord  or  other  person"  if  the  workman 
was  not  perfect  at  his  craft.  Perils,  we 
are  told,  "may  befal  the  lords  of  the 
land  and  others  among  the  people 
through  false  workmanship,  to  the  great 
scandal  of  the  folks  of  the  trade." 
Doubtless  then,  as  now,  many  mishaps 
occurred  through  scamped  work. 
Doughty  and  valiant  knights  depended 
on  the  temper  of  their  broad  or  narrow 
gauge  swords,  and  lost  their  temper  ort 
their  lives  through  such  dependence. 
In  the  27th  Edward  III,  1353,  a  royal 
mandate  was  issued  to  enforce  the  return 
of  several  skilled  workmen  and  laborers 
who  left  the  king's  works  at  the  Palace 
of  Westminster.  All  persons  were  for- 
bidden to  employ  these  hands,  and  re- 
ceivers of  them  not  yielding  them  up 
were  to  be  sent  to  the  Tower  of  London. 
This  was  a  royal  "  strike  "  with  no  "  lock- 
out," but  a  lock-up  for  those  who  dis- 
obeyed his  Majesty's  orders. 

In  the  ordinance  of  the  Braelers,  i.e. 
the  makers  of  braels  or  braces  (1355),  we 
find  the  friendly  society  principle  recog- 
nised somewhat  like  that  mentioned  in 
connection  with  the  White  Taw  vers 
(1346).  "If  any  serving-man  of  the 
said  trade  who  has  behaved  himself  well 
and  loyally  towards  his  masters  whom 
he  has  served  shall  fall  sick,  or  be  un- 
able to  help  or  maintain  himself,  he  shall 
be  found  by  the  good  folks  of  the  said 
trade  until  he  shall  have  recovered  and 
be  able  to  help  and  maintain  himself." 
Journeymen  in  this  trade  were  ex*pe«ted 
to  be  skilled  in  their  art,  and  if  any  one 
was  found  of  the  calling  working  who 
did  not  know  his  trade,  he  was  to  be 
ousted  therefrom,  unless  he  elected  to 
be  apprenticed  to  learn  his  trade. 
Working  by  night  was  forbidden,  on  the 
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pain  of  cumulative  penalties  for  each 
offence.  At  this  trade,  too,  no  one  was 
to  be  so  daring  as  to  set  any  woman  to 
work  at  his  trade  other  than  his  wedded 
wife  or  his  daughter.  We  see  by  this 
that  marriage  was  no  bar  in  the  four- 
teenth century  to  the  wives  of  mechanics 
or  other  tradesmen  working.  The  wives 
of  working  men  and  master-workmen 
were  then  help-mates  as  well  as  help- 
eats.  tNo  work  was  to  be  done  on  Satur- 
day by  the  Braelers,  or  on  the  eve  of  a 
double  feast  "after  None  rung  in  the 
parish  in  which  he  is  residing."  Other 
regulations  in  the  trade  were  similar  to 
some  already  described.  In  the  "Regu- 
lations" for  the  trade  of  masons,  30  Ed- 
ward III,  1356,  we  find  disputes  crop- 
ping up  almost  identical  with  the  ones 
that  exist  at  the  present  day  in  the  trade, 
and  which  caused  more  than  one  "  strike  " 
in  our  memory.  The  masons  who  were 
hewers  could  not  agree  with  the  light 
masons  and  setters.  One  infringed  on 
the  other's  prerogative  or  alleged  pre- 
scriptive rights,  and  hence  there  was  a 
settlement  necessary  to  be  arrived  at  be- 
fore a  meeting  of  the  mayor  and  alder- 
men, &g.  At  this  meeting  certain  rules 
or  articles  were  ordained  for  the  better 
conduct  of  the  trade,  and  among  others 
"  that  no  one  shall  take  work  in  gross  if 
he  be  not  of  ability  in  a  proper  manner 
to  complete  such  work."  Work  in  the 
gross  meant  wholesale  or  by  the  job, 
lump  or  contract.  Whether  looked  upon 
in  the  light  of  a  large  or  a  small  contract 
this  work,  by  the  gross  was,  after  all, 
little  short  of  piecework,  or  an  estimated 
or  agreed  upon  price  for  a  certain  amount 
of  work.  A  builder's  contract  in  the 
present  day  is  worked  in  the  gross.  His 
contract  includes  piecework,  or  pieces 
of  work  of  many  trades,  but  while  he  is 
glad  to  do  this  piecework  at  a  lump 
price  his  workmen  resent  doing  it  save 
at  so  much  per  day  or  hour.  Apart, 
however,  from  the  burning  questions  on 
the  workmen's  side,  and  the  equal  dissat- 
isfaction in  cases  on  that  of  the  employer, 
the  "tender"  subject  is  becoming  a  bug- 
bear#to#  the  unprotected  public  and  the 
architect's  clients.  It  is  becoming  clear- 
er and  clearer  every  day  that  many  con- 
tractors of  work  in  the  gross  do  not 
carefully  or  conscientiously  estimate. 
They  rather  glance  at  the  specifications 
and  drawings  and  by  roughly  comparing 


one  job  with  another  previously  executed 
by  themselves  or  their  brethren,  they 
dash  down  a  price  or  prices,  hit  or  miss. 
If  they  do  not  estimate  by  the  rule-qf- 
thumb  system,  wherefore  have  we  the 
highest  tender  double  the  lowest  in  jobs 
ranging  from  a  few  hundreds  to  several 
thousands?  It  would  appear  by  these 
'*  Regulations  "  connected  with  the  mason 
craft  in  1356,  that  piecework  was  ac- 
knowledged as  practiced  in  the  trade, 
and  classification  also,  for  these  "  Regu- 
lations "  say  "  that  the  said  masters  so 
chosen  shall  oversee  that  all  those  who 
work  by  the  day  shall  take  for  their  hire 
according  as  they  are  skilled  and  may 
deserve  for  their  work,  and  not  out- 
rageously." There  were  other  good 
rules  for  the  guidance  of  the  trade  and 
for  the  due  execution  of  work  under- 
taken, and  those  who  refused  to  be  ruled 
or  directed  for  the  good  of  the  trade 
were  "chastised  by  imprisonment  and 
other  punishment,  that  so  other  rebels 
may  take  example  by  them  to  be  -ruled 
by  the  good  folks  of  their  trade." 

We  have  not  exhausted  our  subject, 
for  in  connection  with  other  of  the  build- 
ing trades  untouched  and  outside  them, 
there  are  points  deeply  suggestive  and 
worthy  of  reproduction  and  particular- 
ization.  Between  the  trade  guilds  of 
500  years  ago  and  upwards  and  the  trade 
unions  of  to-day,  though  there  is  much 
difference,  yet  a  great  deal  of  the  spirit, 
the  practices,  and  malpractices  in  the 
former  survive  in  the  latter.  Trades  are 
not  now  as  exclusive  and  hedged-round 
as  were  the  crafts  of  old;  still  there  is 
a  spirit  of  exclusiveness  rampant  in  the 
unions. 


A  number  of  engineers  and  architects, 
interested  in  the  construction  of  railway 
stations,  met  together  at  the  Padding- 
ton  Station,  recently,  to  view  and  exam- 
ine the  ridge  and  furrow-glass  roofs  put 
up  for  the  Great  Western  Railway  Com- 
pany, on  Mr.  Rendle's  new  system. 
They  are  very  light  and  elegant  in  ap- 
pearance, and  contrast  very  favorably 
with  the  old  roofs.  The  system  has 
been  so  successful  that  the  patentee  has 
received  instructions  from  the  company 
to  cover  the  stations  at  Cardiff,  Swansea, 
Plymouth,  Neath,  Bath,  Landau,  and 
several  other  stations. 
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LEVEES  AS  A  SYSTEM  FOR  RECLAIMING  LOWLANDS. 

By  GEOEGE  W.  R.  BAYLEY,  C.  E. 
Transactions  of  the  American  Society  of  Civil  Engineers. 


Levees,  or  embankments,  or  dikes  as 
adjuncts  to  systems  of  reclamation, 
drainage  and  irrigation,  have  been  in  use 
since  the  very  earliest  times. 

The  Egyptians,  Assyrians,  Babyloni- 
ans, Romans,  Hindoos,  Chinese,  and 
other  nations,  built  dikes  and  dams  for 
reclamation,  and  leveed  canals  for  drain- 
age, irrigation,  and  navigation.  It  has 
been  said  that  "  irrigation  was  the  first 
application  of  science  to  agriculture," 
but,  it  would  seem  that  reclamation 
must  have  preceded  irrigation  and  drain- 
age. It  is  said  that  the  ancients  "  ex- 
celled in  the  management  of  dikes  and 
dams,"  and  therefore  they  must  have 
known  the  value  of  the  fertile  soil  pecu- 
liar to  alluvial  plains,  and  its  luxuriant 
productiveness  when  reclaimed,  drained, 
and  irrigated  where  necessary. 

The  remains  of  ancient  works,  built 
for  purposes  of  reclamation  and  irriga- 
tion, and  their  vast  extent  in  some  coun- 
tries, excite  our  wonder.  With  compul- 
sory labor,  under  despotic  governments, 
it  was  practicable  to  do  then  what 
would  not  be  undertaken  now.  Herod- 
otus says  that  Menes,  the  first  known 
king  of  Egypt,  about  2700  B.  C,  "  found- 
ed the  city  of  Memphis,  after  he  had  di- 
verted the  course  of  the  river  Nile,  by 
raising  a  dike,"  probably  to  close  an  old 
channel,  and  it  seems  to  be  well  estab- 
lished that  levees,  to  confine  the  waters 
of  the  Nile  and  regulate  irrigation,  were 
in  use  at  least  so  far  back  as  the  reign  of 
Menes.  During  each  successive  dynasty 
afterwards  the  system  was  elaborated 
and  perfected.  It  is  probable  that  for 
many  centuries  before  the  age  of  Menes 
— or  the  earliest  historical  epoch — the 
work  of  reclaiming  and  cultivating  the 
Nile  valley  lands  had  been  progressing, 
and  that  it  increased  with  the  population 
and  as  the  necessities  of  the  people  re- 
quired more  land  for  cultivation. 

The  famous  lake  Moeris,  and  the  great 
canal  known  as  the  Bahr  Yoosuf,  or 
river  of  Joseph,  and  other  works,  in- 
cluding most  of  the  raised  mounds  upon 
which  cities  and  villages  were  built, 
were  constructed  when   Egypt  had  be- 


come an  empire.  Sesostris,  it  is  said, 
dug  canals  all  over  the  delta  of  the  Nile. 
Lake  Moeris  and  the  Bahr  Yoosuf,  (the 
latter,  which  extended  for  about  "350 
miles  parallel  with  the  Nile,  was,  proba- 
bly, for  the  most  part,  at  least,  a  former 
channel  of  the  Nile,)  were  used  for  navi- 
gation as  well  as  for  regulating  and  pro- 
longing the  irrigation  of  the  adjacent 
districts,  by  retaining  water  after  the 
subsidence  of  the  annual  river  floods. 

For  a  distance  of  500  miles  above 
Cairo,  the  Nile  valley  averages  ten  miles 
in  width,  and  is  divided  into  a  series  of 
basins  by  means  of  levees,  along  the 
river  front  as  well  as  away  from  it. 
Near  Cairo  the  river  levees  are  from 
twelve  to  fifteen  feet  in  height;  twelve 
feet  ,in  width  at  top,  and  but  slightly 
elevated  above  the  high-water  line.  The 
water  to  moisten  and  enrich  the  soil  is 
not  permitted  to  flow  unregulated  over 
the  river  banks,  but  conveyed  by  canals 
and  sluices  to  where  it  is  wanted;  it  is 
there  retained  within  leveed  areas,  so 
long  as  wanted,  by  closing  the  outlets. 
Egypt  being  a  rainless  country — or 
nearly  so,  except  near  the  sea-coast — 
without  forests,  irrigation  and  the  fertili- 
zation of  the  soil  by  the  mud-bearing 
waters  of  the  Nile,  is  an  indispensable 
necessity.  With  regular  irrigation,  in- 
dependent of  the  flood  season,  three 
crops  annually  may  be  cultivated.  Im- 
proved pumping  machinery  is  now  much 
used  in  Egypt  for  this  purpose.  Much 
more  dependence  is  placed  in  methods 
of '  obtaining  water  now  than  formerly, 
and  less  in  the  canals  and  reservoirs, 
which  are  neglected  and  suffered  to  go 
out  of  repair. 

It  is  probable  that  the  system  of  levee- 
ing had  its  origin  in  Egypt.  The  Assyr- 
ians and  Babylonians,  in  the  valley  of 
the  Euphrates  and  Tigris  also  adopted  a 
system  of  reclamation  and  irrigation  by 
means  of  levees  and  canals,  and  of  leveed 
areas  or  basins,  and  reservoirs  to  enable 
them  to  cultivate  their  river  alluvial 
lowlands.  The  teeming  population  of 
Nineveh  and  Babylon,  in  ancient  times, 
required  all  that   these   fertile   alluvial 
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plains,  under  the  most  elaborate  system 
of  agriculture,  could  be  made  to  produce. 
In  that  dry  climate,  this  could  only  be 
accomplished  under  a  system  of  leveeing 
and  irrigation. 

The  valley  of  the  Euphrates,  like  that 
of  the  Nile,  had  been  subject  to  annual 
inundation,  but  Queen  Semiramis,  it  is 
said,  "prevented  the  overflow  by  the 
erection  of  stupendous  mounds  or  dams 
along  the  banks  of  the  Euphrates,  and 
henceforth  the  land  was  irrigated  by 
hand  and  by  engines.  The  entire  terri- 
tory was  intersected,  like  Egypt,  by  nu- 
merous canals,  the  largest  of  which  could 
be  navigated  by  ships,  and  stretched 
from  the  Euphrates  to  the  Tigris." 

It  is  related  that  Queen  Nitocris  caused 
to  be  excavated,  above  Babylon,  an  im- 
mense reservoir,  and  that  she  turned  the 
Euphrates  into  it,  temporarily,  in  order 
that  piers  of  stone,  for  a  bridge  to  con- 
nect the  two  portions  of  the  city  of 
Babylon — built  on  each  side  of  the  river 
— might  be  constructed  in  the  river 
when  so  drained.  Along  both  sides  of 
the  river,  where  it  flowed  througji  the 
city,  walls  of  baked  brick,  provided  with 
brazen  gates  opposite  the  streets,  and 
connected  with  the  great  outer  walls, 
served  as  levees,  and  the  banks  of  the 
river  were  lined  with  burned  brick. 

Cyrus  took  Babylon  by  diverting  the 
Euphrates  into  the  great  Nitocris  reser- 
voir, at  night,  thereby  enabling  his 
army  to  march  along  the  river  bed,  from 
above  and  below,  to  and  through  the 
street  river  gates  into  the  city;  the  river 
gates  having  been  left  open  during  a 
great  feast  and  carousal  made  by  Bel- 
shazzar,  the  king.    • 

In  China  the  immense  and  crowded 
population,  of  necessity  is  compelled  'to 
cultivate  every  available  square  foot  of 
ground,  and  to  make  the  best  possible 
use  of  every  means  of  increasing  its  pro- 
duction. Rice  is  the  great  staple  crop 
of  large  portions  of  China,  and  this 
grain  requires  for  its  cultivation  leveed 
areas  and  irrigation.  The  vast  alluvial 
plains  of  the  Yang-tze-Kiang,  or  Blue 
River,  and  of  the  Hoang-ho,  or  Yellow 
River,  are  leveled,  irrigated  and  culti- 
vated. M.  Hue  says  :  "The  mainten- 
ance of  the  dikes  on  Yellow  Eiver  is  in- 
trusted to  a  special  board,  which  forms 
in  the  provinces  of   Tchi,    Chan-toung, 


and  Honan,  a  body  independent  of  the 
provincial  administration." 

In  Hindustan,  owing  to  the  suddenness 
and  short  continuance  of  the  monsoon 
rains,  and  the  long  continued  droughts, 
it  has  always  been  necessary  to  resort  to 
irrigation  by  means  of  dikes,  dams, 
canals  and  reservoirs,  for  the  cultivation 
of  the  vast  sterile  upland  tracks  of 
country  in  Northern,  Middle,  and  South- 
ern India,  which  were  barren  only  for 
want  of  irrigation. 

Speaking  of  the  "  tank  irrigation " 
system  of  Madras,  Mr.  Smith  says  : 
"  The  extent  to  which  it  has  been  carried 
throughout  all  the  irrigated  region  of 
Madras  Presidency  is  truly  extraordi- 
nary. An  imperfect  record  of  the  num- 
ber of  tanks  in  fourteen  districts  shows 
them  to  amount  to  no  less  than  43,000 
in  repair,  and  10,000  out  of  repair,  or 
53,000  in  all. 

It  would  be  a  moderate  estimate  of 
the  length  for  each,  to  fix  it  at  half  a  mile, 
and  the  number  of  masonry  works,  in 
sluices  of  irrigation,  waste-weirs,  etc.,  at 
six  as  an  average.  These  data,  only  as- 
sumed to  give  some  definite  idea  of  the 
extent  of  |the  system,  would  give  close 
upon  30,000  miles  of  embankments,  suffi- 
cient 'to  put  a  girdle  around  the  globe  ' 
not  less  than  six  feet  thick,  and  300,000 
separate  masonry  works.  The  whole  of 
this  gigantic  machinery  of  irrigation  is 
of  purely  native  origin.  Valleys  are 
taken  possession  of,  and  the  natural 
drainage  lines  flowing  through  them  are 
checked  by  embankments  sufficiently 
long  to  close  the  gorges,  and  sufficiently 
high  to  retain  a  volume  of  water  propor- 
tioned to  the  areas  of  irrigation  situated 
below  them.  Descending  steppes  of 
land  are  occupied  by  a  succession  of 
reservoirs,  the  higher  feeding  the  lower 
from  its  surplus  supply,  and  the  whole 
forming  one  connected  scheme  of  irriga- 
tion. Dry,  basin-shaped  hollows  have 
banks  carried  round  their  ridges,  and 
supplies  were  introduced  from  adjoining 
rivers  by  means  of  special  canals;  or  long 
slopes,  where  the  fall  is  considerable, 
have  portions  embanked  more  or  less 
regularly  on  three  sides." 

Among  the  most  ancient  of  these  tank 
reservoirs  he  mentions  the  "Poniary,  in 
Trichinopoly,  with  its  embankment  of 
thirty  miles  in  length,  and  probable  area 
of  sixty  to  eighty  square  miles,  now  lost 
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to  the  community,  and  the  Veeramun 
tank,  with  its  twelve  miles  of  embank- 
ments, and  thirty-five  square  miles  in 
area,  happily  still  in  full  operation."  He 
considers  the  Chumbrumbankum  tank  as 
"  one  of  the  finest  in  Madras  Presidency." 
Its  area  is  nine  and  a  half  square  miles; 
its  volume  may  be  estimated  at  3,000,- 
000,000  cubic  feet  of  water.  It  main- 
tains a  sheet  of  rice  cultivation  nearly 
10,000  acres  in  extent. 

Mr.  Hewson  says  that  one  of  these 
tanks,  constructed  in  the  island  of  Cey- 
lon, was  formed  "of  huge  blocks  of 
stone,  strongly  cemented  together  and 
covered  with  turf,  a  solid  barrier  fifteen 
miles  in  length,  100  feet  wide  at  base, 
sloping  to  a  top  width  of  forty  feet, 
across  the  lower  end  of  a  spacious  val- 
1  ey." 

According  to  Mr.  Smith,  the  Mogul 
Emperor,  Feroze  Toghlak,  in  the  four- 
teenth century,-  built  "  fifty  dams  across 
the  river  to  promote  irrigation,  thirty 
reservoirs  for  irrigation,  150  bridges,  100 
public  baths,"  etc.,  and  the  first  canal  of 
which  there  is  any  record  in  north-west- 
ern India. 

The  British  Government,  since  its 
conquest  of  Hindustan,  has  enlarged  and 
improved  the  systems  of  irrigation  by 
means  of  tanks  and  canals  throughout 
all  India.  The  Great  Ganges  canal, 
commenced  in  1848,  was  to  be  with  its 
branches,  900  miles  in  length,  and  capa- 
ble of  furnishing  irrigation  for  about 
4,500,000  acres  of  land. 

In  India  levees  or  embankments,  car- 
ried across  the  bed  of  a  river  or  a  valley, 
are  termed  "bunds." 

In  Italy,  the  system  of  leveeing  or  em- 
banking rivers,  and  of  reclaiming  lands 
for  cultivation,  has  been  in  successful 
operation  for  many  centuries.  The 
Adige,  the  Tiber,  the  Arno,  the  Reno, 
and  the  Po — particularly  the  latter — are 
well-known  examples.  Paul  Frisi,  in 
the  preface  to  his  work  on  "  Rivers  and 
Torrents,"  printed  at  Florence  in  1770, 
claimed  that  "hydraulic  architecture 
arose,  advanced  and  almost  attained  per- 
fection in  Italy,  where  they  have  written 
on  every  point  connected  with  the  theory 
of  torrents  and  rivers,  the  conducting 
and  distribution  of  clear  and  turbid 
waters,  the  slopes,  the  directions,  and 
the  variations  of  channels,  and,  in  a 
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word,  on  the  whole  range  of  hydromety 
and  hydraulics.". 

We  obtain  from  Frisi's  work  ve-y  in- 
teresting information  respecting  the  ob- 
served effects  of  leveeing  the  Italian 
rivers,  some  of  which,  though  undoubt- 
edly reliable,  correct,  and  applicable  to 
all  sedimentary  rivers  is  not  yet  known 
or  appreciated  by  many  modern  engi- 
neers. The  Italian  engineer  demonstrated 
that  torrents,  which  carry  down  stones 
and  gravel,  can  not  be  successfully  cir- 
cumscribed by  or  between  levees  or 
dikes,  for  their  beds  will  rise  and  con- 
tinue to  rise,  by  the  accumulation  of 
stones  and  gravel  in  them ;  that  the 
lower  portions  of  rivers  carrying  and 
flowing  through  sand  and  earth  only, 
which  make  and  shape  their  own  beds 
and  banks,  can  be  leveed  safely,  without 
elevations  of  their  beds  or  surface  as  the 
result  of  the  increased  quantity  of  water 
confined  by  levees  to  the  channel;  that 
"  derivations  "  or  outlets  are  useful  for 
the  purpose  of  permanently,  lowering 
the  flood  line  in  such  portions  of  a  river, 
and  that  a  division  of  the  waters  of  such 
a  river  into  more  than  one  channel  re- 
sults in  an  elevation  of  the  beds  and 
high-water  lines  of  the  divided  chan- 
nels. 

Frisi  says:  "  The  Po,  which,  formerly 
divided  into  several  branches  between 
Placentia  and  Parma,  had  converted  a 
considerable  part  of  Lombardy  into  a 
marsh,  has  been  circumscribed  by  dikes 
and  confined  within  a  single  channel  of 
a  suitable  depth,"  without  any  increased 
elevation  of  surface ;  "  whereas  the 
Great  Rhine,  divided  and  subdivided  as 
it  is  in  Holland,  has  considerably  elevat- 
ed the  bottom  of  its  bed  ;  and,  whilst  it 
renders  the  situation  of  the  adjoining 
lands  daily  worse  and  worse,  is  threaten- 
ing them  incessantly  with  utter  destruc- 
tion. 

"  The  first  division  of  the  waters  of 
the  Rhine  was  begun  under  the  Roman 
generals  Drusus  and  Corbulo ;  it  was 
afterwards  continued  in  later  ages  by  a 
great  number  of  subdivisions.  This  great 
multiplicity  of  channels,  though  produc- 
tive of  very  great  advantages  to  the, 
navigation  and  commerce  of  Holland, 
draws  after  it  very  fatal  consequences. 
The  waters,  divided  into  so  many 
branches,  lose  their  rapidity  and  strength 
which  are  required  to  sustain  and  push 
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forward  those  heterogeneous  substances 
wnich  they  transport.  The  constant 
rising  of  the  bottom  renders  the  draining 
of  the  waters  from  the  fields  more  diffi- 
cult, increases  the  expense  of  the  neces- 
sary embankments,  and  always  augments 
the  damages  which  these  extensive  low- 
lands suffer  when  the  dikes  break.  To 
secure  that  part  of  Holland  which  lies 
between  Rotterdam,  Utrecht,  Amster- 
dam, and  the  ocean,  it  was  proposed,  in 
1754,  to  form  in  the  Leek,  which  is  an- 
other branch  of  the  Rhine,  a  cut  with 
sixteen  sluices,  by  which  a  part  of  the 
water  should  be  discharged  into  the 
Mernva,  which  is  the  junction  of  the 
Meuse  with  the  Wahal."  The  engineer 
Gennette,  says  Frisi,  opposed  the  propo- 
sition to  make  an  outlet,  claiming  "that 
the  proposed  alteration  would  avail 
nothing  towards  the  diminution  of  the 
height  of  the  floods,"  and  advised,  "  in 
lieu  of  it,  to  remit  all  the  waters  of  the 
Great  Rhine  in  the  ancient  branch  of  the 
Issel,  and  in  this  manner  to  conduct 
them  by  the  shortest  road  to  the  sea." 
He  maintained  that  "  by  the  union  of 
all  the  waters  their  rapidity  would  be 
increased,  whilst  the  amplitude — width 
— of  the  sections  would  continue  the 
same  ;  and  that,  in  consequence,  the 
waters  would  have  more  strength  to 
deepen  their  bed  and  to  prevent  those 
deposits  that  are  successively  made  in  it. 
He  supports  his  opinion  by  the  directly 
contrary  effect  produced  from  the  actual 
divisions  of  the  Rhine;  and  he  adds  that 
this  river,  before  it  is  divided  in  Holland, 
receives  at  Mentz  the  Mayn,  whose  flow 
is  nearly  as  great,  without  its  being  pos 
sible  to  observe  any  perceptible  differ- 
ence in  the  dimensions — width — of  its 
bed.  The  Samoggia  and  the  Lavino,  in 
Italy,  running  near  each  other,  and 
having  almost  the  same  course,  their 
floods  always  come  down  at  the  same 
time.  Thus,  although  the  quantity  of 
water  is  increased  nearly  one-third  in  the 
Samoggia,  after  the  injunction  of  the 
Lavino,  as  has  been  already  said,  and  al- 
though the  slope  of  the  bottom  is  con- 
siderably diminished  in  the  Samoggia, 
nevertheless  the  height  is  less,  and  the 
whole  section  very  little  larger  than  be- 
fore. The  operations  carried  on  in  the 
Gaina  were  not  less  exact;  yet,  although 
it  increases  by  nearly  half  the  body  of 
water  in  the  Quaderna,  it  sensibly  aug- 


ments neither  its  height  nor  magnitude 
— width  of  its  sections.  We  have,  be- 
sides, several  other  examples  of  running 
streams  considerably  ^augmented,  in 
quantity  of  water,  without  any  visible 
increase  of  their  height  or  breadth. 

"  What  has  been  observed  in  the  con- 
junction of  rivers  is  also  seen  in  their 
derivation — reduction  of  quantity  by 
outlets — or  division,  wThere  it  often  hap- 
pens that  in  diverting  from  the  principal 
channel  a  considerable  body  of  water, 
that  which  is  left  behind  is  not  visibly 
diminished,  either  in  height  or  in  breadth, 
The  canal  made  by  order  of  the  Emperor 
Nerva,  to  draw  off  the  superfluous 
waters  of  the  Tiber,  at  the  time  of  its 
greatest  freshets,  did  not  contribute  in 
the  smallest  degree  to  prevent  the  inun- 
dations, as  Pliny  has  assured  us  in  his  let- 
ters. The  two  relieving  sluices  that 
Vincent  Viviani  caused  to  be  made  in 
the  Celone,  which  is  a  tributary  of  the 
Chiana,  have  caused  the  filling  up  and 
the  loss  of  the  principal  trunk."  Speak- 
ing of  the  Adige,  it  is  said  "  that  all  de- 
rivations— outlets — made  in  that  river 
have  only  produced  a  heightening  of  its 
bed,  and  thereby  rendered  its  floods  more 
dangerous" 

Other  quotations  of  the  same  purport 
might  be  added,  did  space  permit.  Frisi 
says  that  "  It  is  an  hydrostatical  paradox, 
commonly  taught  by  Italian  authors,  and 
uniformly  confirmed  by  experience,  that 
you  do  not  diminish  the  height  of  the 
waters  in  great  floods  by  lessening  the 
quantity  of  the  water."  His  meaning 
obviously  is  that  outlets — or  "  deriva- 
tions," as  he  terms  them — will  not  per- 
mantly  reduce  the  flood  line  of  a  sedi- 
ment-bearing or  turbid  river.  Gugliel- 
mini  announced  that  "the  greater  the 
quantity  of  water  that  a  river  carries, 
the  less  will  be  its  fall,"  or  surface  slope; 
and  he  adds,  that  "the  greater  the  force 
of  the  stream,  the  less  will  be  the  slope 
of  its  bed." 


We  understand  that  the  production 
of  steel  increased  in  France  last  year  to 
the  extent  of  21,000  tons,  as  compared 
with  1874.  This  increase  was,  however, 
more  feeble  than  in  any  preceding 
twelve  months,  and  it  was  attributed 
almost  exclusively  to  the  increased  use 
of  steel  rails. 
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RAILWAY  SPEEDS. 

From  "The  Engineer." 


A  somewhat  unfortunate  tendency 
has  always  been  manifested  by  a  few  of 
the  leaders  of  public  opinion  to  attribute 
railway  accidents  to  high  speeds. '  If  a 
collision  takes  place,  we  are  assured  by 
these  gentlemen  either  that  it  would  not 
have  taken  place  at  all  or  that  the  conse- 
quences would  have  been  insignificant 
had  the  speed  been  slower.  If  a  train 
runs  off  the  rails,  the  cause  of  the  derail- 
ment is  at  once  found  in  the  high  veloci- 
ty at  which  the  engine  was  moving  at 
the  time.  Railway  companies  are  told 
in  very  plain  terms  that  it  is  a  suicidal 
policy  to  drive  locomotives  at  speeds 
much  exceeding  thirty  miles  an  hour; 
and  we  are  gravely  informed  that  the 
risk  incurred  by  the  passenger  who 
travels  by  an  express  train  can  hardly 
be  exaggerated.  Hitherto  the  effect  of 
such  arguments  has  been  very  trifling. 
The  public  like  to  travel  at  high  speeds, 
and  they  patronize  companies  who  sup- 
ply what  they  wish  to  have.  But  there 
is  some  danger  that  a  warning  often  re- 
peated will  have  the  effect  of  creating  a 
groundless  alarm;  and  we  should  fail  to 
discharge  our  duty  if  we  did  not  point 
out  that  while  high  speeds  are  not  neces- 
sarily unsafe,  it  is  certain  that  slow  speeds 
will  not  prevent  accidents.  It  is  worth 
while  to  put  these  truths  clearly  before 
our  readers,  and  to  explain  why  they  are 
truths  and  not  empty  assertions;  but,  in 
the  first  place,  we  must  call  attention  to 
the  fact  that  any  considerable  and  ex- 
tended reduction  in  the  velocity  with 
which  railway  companies  conduct  their 
traffic  could  not  fail  to  act  prejudicially 
on  the  interests  of  the  community.  On 
our  great  main  lines  trains  are  now  run 
at  the  closest  possible  intervals,  consist- 
ent with  safety,  during  certain  hours  of 
the  day  and  night.  An  important  re- 
duction in  speed  must  of  necessity  be 
followed  on  such  lines  by  a  reduction  in 
the  number  of  trains.  Time  and  space 
intervals  are,  in  a  word,  so  intimately 
connected  with  each  other  that  it  is  im- 
possible to  sever  them.  Thus,  if  ten 
minutes  intervene  between  the  starting 
of  two  trains,  say  from  Euston,  both 
running  over  the   same  road   as  far  as 


Rugby,  it  is  obvious  that  if  they  both 
move  at  thirty  miles  an  hour  the  space 
interval  between  them  will  be  half  what 
it  would  be  if  both  ran  at  sixty  miles  an 
hour.  It  is  quite  true  that,  in  theory  at 
all  events,  the  space  between  two  fast 
trains  ought  to  be  greater  than  between 
two  slow  trains;  but  when  we  come  to 
deal  with  the  practical  working  of  rail- 
ways, it  will  be  found  that  the  faster 
trains  are  run  the  more  quickly  can  they 
be  started  in  succession  when  the  runs 
are  long.  The  result  is  that  the  higher 
the  speed  the  greater  is  the  capacity  of 
a  line,  because  the  shorter  is  the  time 
during  which  each  train  occupies  the 
road.  It  is  not  necessary,  we  think,  to 
explain  this  point  further.  It  will  suf- 
fice to  say,  as  a  matter  of  fact,  that  rail- 
way companies  are  able  to  get  much 
more  work  out  of  the  roads  at  high 
speeds  than  they  could  at  slow  speeds. 
Apart  from  all  such  considerations,  more- 
over, is  one  paramount  to  all  others. 
The  public  wish  to  travel  fast,  and  they 
patronize  the  lines  on' which  they  are 
conveyed  most  quickly.  A  general  re- 
duction, in  the  rate  at  which  trains  now 
travel  would  seriously  disorganize  trade 
arrangements.  It  would  infallibly  lead 
to  a  diminution  in  the  amount  of  accom- 
modation supplied  to  the  public,  and  it 
would  militate  against  the  despatch  of 
business.  It  is  possible  some  of  our 
readers  may  be  skeptical  on  such  sub- 
jects. We  would  ask  them  to  turn  to, 
we  will  not  say  their  own  continental  ex- 
perience, but  that  of  Germans,  French- 
men, Austrians,  Russians,  and  Italians, 
and  they  will  find  the  utmost  unanimity 
in  the  opinions  expressed.  They  will 
meet  but  one  reply — namely,  that  conti- 
nental railway  speeds  are,  as  a  rule, 
much  too  slow.  The  inconvenience  of 
slow  speeds  has  been  so  keenly  felt, 
again,  in  the  United  States,  that  most 
determined  efforts  are  being  made  on  all 
the  principal  lines  in  North  America  to 
obtain  more  rapid  transport.  Within 
the  last  few  years  "lightning  expresses" 
have  been  put  on  between  the  principal 
cities,  and  American  railway  traveling 
bids  fair  to   become   the  fastest  in  the 
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world.  If  the  opinion  of  the  great  mass 
of  business  men  is  worth  anything,  then 
high  railway  speeds  are  necessary,  and 
should  not  be  lightly  abandoned. 

Are  high  railway  speeds  unsafe  ?  On 
the  reply  which  can  be  given  to  this 
question  everything  depends  after  all. 
Our  answer,  and  that  of  every  engineer 
who  has  given  the  subject  due  consider- 
ation, must  be  that  fast  trains  are  quite 
as  safe  as  those  which  run  slowly,  pro- 
vided the  road  and  rolling  stock  are  fit 
for  high  velocities.  Of  course  if  a  road 
is  bad,  or  the  rolling  stock  imperfect,  a 
train  cannot  be  run  safely  at  a  high 
speed.  Our  contention  is,  however,  that 
no  difficulty  is  experienced  in  making 
roads,  engines,  and  carriages  which  are 
suitable  and  safe  for  any  velocity  up  to, 
say,  seventy  miles  an  hour.  There  are 
only  two  distinct  classes  of  accidents 
which  can  follow  as  a  consequence  of 
high  velocities.  The  one  is  the  break- 
down of  some  portion  of  the  rolling 
stock,  such  as  a  spring,  or  an  axle,  or  a 
tire  ;  the  other  is  the  running  of  the 
train  off  the  rails.  Now  a  reference  to 
Board  of  Trade  reports  shows  plainly 
enough  that  fast  trains  do  not  break 
down  more  frequently  than  slow  trains. 
Tires  burst  just  as  often  at  speeds  of 
thirty-five  or  forty  miles  an  hour  as  at 
higher  velocities.  The  axles  o£  goods 
trains  give  way  much  more  frequently 
than  those  of  any  other  trains,  and  they 
certainly  never  attain  exceptionally  high 
speeds.  In  a  word,  although  it  is  true 
that  fast  trains  do  break  down  now  and 
then,  it  is  impossible  to  prove  that  these 
casualties  are  a  natural  consequence  of 
the  speed  at  which  such  trains  are 
driven.  We  may  assume,  in  short,  that 
the  risk  incurred  in  running  an  express 
train  is  not  due  to  anything  inherent 
in  the  train.  The  real  source  of  danger 
lies  in  the  road,  and  it  is  indisputable 
that  it  is  extremely  dangerous  to  run  at 
high  velocities  over  bad  and  weak  roads, 
especially  with  engines  which  are  not 
well  balanced,  or  which  tend  to  oscillate 
or  "wander."  Turning  once  more  to 
Board  of  Trade  reports,  we  find  that  in 
almost  every  case  of  derailment  the 
cause  is  easily  to  be  found;  and  that  it 
lies  in  nine  cases  out  of  ten  in  some  de- 
fect in  the  permanent  way.  One  disas- 
trous accident  of  the  kind  ensued  from 
a  defect  in  the  points  at  an  important 


station.  Another  train  not  long  since 
ran  at  slow  speed  off  the  rails  at  a  dia- 
mond crossing.  A  little  careful  exam- 
ination showed  that  a  guard  rail  was  out 
of  place,  and  that  the  flange  of  the  lead- 
ing wheel  of  the  engine  consequently 
struck  the  point  of  the  crossing,  and 
mounting  it,  got  off  the  road.  We  could 
cite  such  instances  by  the  dozen,  but  we 
can  only  call  one  serious  case  of  derail- 
ment to  mind  where  the  cause  lay  wholly 
in  the  engine.  This  occurred  a  few 
years  since  on  the  Great  Eastern  Rail- 
way, and  was  due  to  the  breakage  of  a 
transverse  leading  spring.  We  have 
every  reason  to  believe  that  the  engines 
and  carriages  on  all  our  main  lines  may 
be  run  with  perfect  safety  at  maximum 
speeds  over  good  roads;  but  it  must  be 
admitted  that  the  engines  on  some  lines 
require  better  roads  than  those  on  other 
lines. 

Thus,  for  example,  while  we  are 
quite  willing  to  concede  that  Mr.  Pear- 
son's great  tank  engines  on  the  Bristol 
and  Exeter  line  could  be  run  with  per- 
fect safety  at  as  much  as  seventy  miles 
an  hour  on  a  perfect  track,  we  hold  at 
the  same  time  that  they  are  eminently 
unsuitable  for  a  bad  road;  and  that  they 
are  more  likely  to  run  off  such  a  road 
than  locomotives  of  a  different  construc- 
tion, and  with  a  less  load  than  eighteen 
tons  on  a  single  pair  of  driving  wheels 
would  be.  If  it  can  be  shown  that  the 
great  mass  of  accidents  results  from  the 
imperfect  condition  of  the  permanent 
way,  it  is  absurd  to  argue  that  slow 
speeds  should  be  adopted  to  secure  safe- 
ty. The  true  remedy  lies  in  the  improve- 
ment of  the  road,  and  not  in  the  adop- 
tion of  minimum  velocities. 

We  have  said  that  a  reduction  of 
speed  would  not  prevent  derailment,  and 
we  repeat  the  statement.  The  first  and 
direct  result  of  a  general  reduction  in 
speed  would  be  a  diminution  in  the  sum 
expended  in  the  maintenance  of  perma- 
nent way.  The  worst  roads  in  the  world 
are  those  in  which  the  speed  is  least,  and 
off  such  roads  trains  are  constantly  run- 
ning. When  railway  companies  run 
fast  trains  they  are  compelled  to  main- 
tain a  high  standard  of  efficiency  both 
in  their  roads  and  in  the  rolling  stock. 
If  we  remove  the  stimulus,  we  shall 
have  less  exertion,  the  character  of  our 
lines  will  fall  off,  the  efficiency  of  all  the 
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departments  will  be  diminished,  and  we 
shall  have  extra  risk  instead  of  addition- 
al security.  We  see  with  regret  that 
the  Great  Western  Railway  Company 
have  resolved  to  run  the  "Flying  Dutch- 
man "  at  but  forty  miles  an  hour  over 
the  worst  parts  of  the  Bristol  and  Exe- 
ter road.  Our  readers  may  rest  assured 
that  if  a  line  is  not  fit  to  carry  a  heavy 
engine  at  sixty  miles  an  hour,  it  cannot 
be  traversed  by  the  same  engine  with 
safety  at  forty  miles  an  hour.  The  true 
policy  of  the  company  should  be  to  ren- 
der their  road  as  good  as  it  can  be  made. 
It   is  a  serious  confession  of    weakness 


to  seek  a  nominal  safety  in  a  reduction 
of  speed.  The  daily  records  of  our 
great 'lines  prove  that  maximum  veloci- 
ties can  be  maintained  over  a  good  road 
with  perfect  safety,  and  that  on  a  bad 
road  danger  is  continually  incurred. 
The  duty  of  those  who  would  influence 
public  opinion  lies  not  in  recommending 
the  acceptance  of  low  speeds  and  their 
inevitable  consequences — bad  roads — but 
in  urging  railway  companies  to  permit 
those  who  serve  them  to  maintain  roads, 
engines  and  carriages  in  that  high  state 
of  efficiency  which  is  so  clear  to  the 
hearts  of  English  railway  engineers. 


AIR  AND  VENTILATION 

From  "The  Building  News." 


So  many  theories  have  been  put  for- 
ward of  late  years  upon  the  subject  of 
ventilation  that  architects  may  be  ex- 
cused for  not  having  propounded  a 
method  that  shall  be  universally  applica- 
ble to  all  buildings.  The  plenum  and 
vacuum  ideas  have  been  ridden  to  death 
by  different  authorities  on  the  subject : 
costly  schemes  and  systems  have  been 
introduced  into  our  large  buildings  with 
a  degree  of  success  scarcely  proportion- 
ate to  the  outlay.  The  mechanical  de- 
vices which  have  been  proposed  have 
generally  been  prompted  by  interested 
motives,  or  have  been  the  nostrums  of 
advertising  manufacturers,  and  to  such 
an  extent  has  this  been  carried,  that 
architects  have  a  fair  ground  to  inquire 
upon  what  principle  they  are  required  to 
give  adhesion  to  this  or  that  mode. 
The  simplest  methods  are  the  best,  and 
if  by  any  arrangement  of  apertures  we 
can  produce  the  necessary  change  or 
current  of  air — that  displacement  neces- 
sary for  health — we  may  consider  the 
problem  solved.  But  the  amount  of  air 
required  for  respiration  has  been  so 
variously  estimated,  that  it  has  been  next 
to  impossible  to  lay  down  any  rule. 
Thus  one  authority  tells  us  that  fresh  air 
must  be  admitted  at  the  rate  of  about  4 
cubic  feet  per  minute  for  each  individual 
in  the  apartment.  Another  writer  puts 
the  quantity  at  2.39  cubic  feet.  But  in 
many  of  these  calculations  the  quantity 


of  air  required  for  the  combustion  of  the 
fire-grate  and  gas  burners  is  not  taken 
into   consideration. 

A  little  brochure,  entitled  "  Fresh  Air 
in  the  House,"  by  Mr.  Curtis,  puts  the 
matter  in  a  nutshell,  enters  concisely 
into  the  first  important  question  of  sup- 
ply, and  gives  us  some  useful  information. 
In  estimating  the  constant  quantity  of 
air  required,  the  measurement  of  the 
volume  of  air  used  in  the  vital  function 
of  respiration  is  necessary.  The  spi- 
rometer measures  accurately  the  three 
volumes  of  air  displaced  in  breathing, 
or  the  most  complete  voluntary  expira- 
tion following  the  most  complete  inspira- 
tion or  vital  capacity.  The  vital  capaci- 
ty volume  is  modified  by  height,  attitude, 
weight,  age,  and  disease.  Dr.  Hutchin- 
son says,  regarding  the  measure  of  vol- 
ume as  affected  by  height  : — "  The  vital 
capacity  is  the  same  in  all  men  of  the 
same  stature,  qui?e  irrespective  of  the 
size  of  chest."  The  volume  differs  ac- 
cording to  the  height  in  an  arithmetical 
ratio.  "Thus  a  man  five  feet  eight 
inches  can  breath  230  cubic  inches  of  air 
(at  60°  Fahr.)  at  one  expiration,  and  a 
man  an  inch  taller  238  cubic  inches  by  a 
similar  effort,"  whereas  a  man  an  inch 
shorter  can  only  breath  222  inches,  being 
eight  inches  less.  The  following  law  is 
deduced  from  these  facts  : — "That  in  the 
erect  position,  for  every  inch  of  stature 
from  five   to   six   feet,  eight  additional 
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cubic  inches  of  air  at  60c  Fahr.  are  given 
out  in  one  volume  by  the  deepest  expira- 
tion immediately  following  the  deepest 
inspiration."  This  rule  was  the  result  of 
upwards  of  4,000  experiments  upon  men 
of  all  heights  and  classes.  The  experi- 
ence points  to  a  minimum  limit  of  six- 
teen per  cent  below  the  mean  for  health. 
The  mean  number  of  respirations  per 
minute  in  the  case  of  1,407  healthy  males 
was  found  to  be  eighteen,  and  the  pulsa- 
tions seventy-eight.  Then,  if  we  take 
230  cubic  inches  for  the  quantity  of  air 
necessary  to  a  man  of  medium  height  for 
each  breath,  and  multiply  this  by  the 
number  of  respirations  per  minute,  we 
shall  get  something  like  the  quantity 
required,  and  which  will  give  us  2.39 
cubic  feet  as  the  fullest  measure.  Tak- 
ing an  ordinary  sitting-room  fireplace 
holding  seven  pounds  of  coal,  and  requir- 
ing 4.032  cubic  feet  of  air  to  consume  it 
—  supposing  the  combustion  to  take  two 
hours— we  get  a  rate  of  consumption  of 
33.6  cubic  feet  per  minute,  or  a  consump- 
tion equal  to  eleven  persons.  Mr. 
Curtis,  the  author  of  the  treatise  above 
named,  sums  up  the  amount  of  air  re- 
quired per  minute  in  an  ordinary  sitting- 
room,  with  fire  and  gas,  and  occupied  by 
three  persons,  as  follows  : 

3  persons  require  9  cubic  feet. 

1  fire  "      33.6 

3  gas  burners     54.0        " 

Total.  ....96. 6  cubic  feet. 

The  door  is  allowed  to  supply  a  quantity 
equal  to  two  windows,  or  thirty- two  feet, 
which  leaves  sixty-four  feet  to  be  sup- 
plied, and  which  must,  under  ordinary 
circumstances,  rush  through  all  crevices 
and  openings  at  a  velocity  productive  of 
draughts  and  their  concomitant  evils. 
The  next  question  is  the  means  by  which 
this  quantity  of  air  can  be  supplied  at 
such  a  rate  as  to  avoid  draught.  As  air 
expands  by  heat  it  is  obvious  that  the 
greater  the  difference  between  the  ex- 
ternal and  internal  air  of  a  house  the 
greater  is  the  tendency  of  the  heated  air 
to  rise.  Air  traveling  at  the  rate  of 
eighty-eight  feet  per  minute  is  hardly 
perceptible,  and  if  the  openings  have  an 
area  of  108  square  inches,  the  quantity 
of  air  required  will  be  easily  admitted. 
The  author  says,  "To  permit  of  the 
passage  of  this  96.6  feet  into  the  atmos- 
phere, the  aperture  may  be  reduced  in 


the  proportion  of  one  to  three.  Taking 
away  windows  and  door  as  useless  for 
this  purpose,  tne  area  of  the  exit  or 
exhaust- pipe  will  be  ninety-six  square 
inches.  This  close  calculation  should  be 
modified  in  practice.  The  openings  for 
the  admission  of  air  should  have  at  least 
an  area  of  144  square  inches,  or  one 
square  foot,  while,  for  the  eduction 
pipe,  the  area  should  not  be  less  than 
ninety-six  square  inches  for  each  2,000 
feet  of  space  in  a  room  of  this  size." 
Thus,  a  proportion  of  three  to  two  is 
established;  in  fact,  we  have  a  supply  of 
air  on  the  plenum  method  by  which  the 
fresh  'air  enters  the  room  under  pressure 
and  presses  out  the  vitiated  air.  Mr. 
Curtis  proposes  the  siphon  principle  as 
the  means  of  supply  and  egress;  or,  in 
other  words,  a  fiue  or  pipe  from  the  top 
of  building  to  the  basement,  in  the  piers 
of  the  front  and  back  walls,  and  other 
fines  to  operate  as  exhaust  or  eduction 
flues  in  the  chimney-stacks,  or  near  some 
heated  flue  opening  at  the  ceiling  levels 
of  rooms.  The  descending  pipe,  with 
openings  at  the  level  of  the  floors,  con- 
stitutes, with  the  extracting  or  exhaust 
pipe,  an  inverted  siphon,  for  the  air  of 
the  room  becomes  a  part  of  it.  The  air 
pours  down  one  leg  and  out  of  the 
shorter  one,  just  in  the  same  manner  as 
water  poured  down  the  longer  leg  of  an 
invented  syphon  will  flow  out  of  the 
other  leg.  The  eduction  or  exhaust 
pipe  is  really  the  shorter  leg,  down  which 
no  cold  air  can  flow,  because  the  air  in  it 
is  of  a  higher  temperature,  its  opening 
being  close  to  the  level  of  the  ceiling. 
Thus  we  have  a  constant  current  main- 
tained by  the  simple  hydrostatic  law  of 
one  column  of  fluid  acting  against  a 
lighter  column,  without  cost  of  mechani- 
cal contrivance  or  the  aid  of  steam  or 
heating  power.  The  plan  thus  proposed 
is  not  new;  it  has  been  know  for  cen- 
turies. We  know  of  double  flues  acting 
in  this  way  that  have  been  found  in  the 
refectories  of  monasteries;  in  fact  the 
principle  has  been  lately  adopted  in  the 
construction  of  various  kinds  of  artifi- 
cial apparatus  for  ventilation.  Such  are 
Chowne's  "air  siphon,"  which  is  an  in- 
verted siphon,  and  acts  on  a  similar 
principle  to  that  described  above;  and 
Watson's  "  double-current  ventilator," 
consisting  of  a  tube  or  trunk,  opening  at 
the   ceiling,    divided   by   a   diaphragm. 
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McKinnel's  invention,  consisting  of  two 
concentric  tubes,  the  inner  one,  being 
the  longest,  acts  in  the  same  way,  the 
longer  tube  being  the  exhaust  pipe,  and 
the  shorter  and  surrounding  tube  the 
inlet.  These  inventions  are  more  or  less 
effective  according  to  the  difference  of 
temperature  between  the  two  columns  of 
air.  It  has  been  found  that  sometimes 
both  these  tubes  act  as  exhausters,  but 
of  course  this  mainly  depends  on  the 
fact  that  a  large  influx  of  air  is  permit- 
ted below.  No  doubt  the  siphon  applied 
to  the  top  of  a  room  has  little  effect  in 
the  manner  intended  if  there  are  open- 
ings below,  and  its  action  can  only  be 
maintained  when  all  such  apertures  are 
closed.  It  is  then  only  the  principle 
comes  into  play,  and  it  is  then  only  that 
it  is  chiefly  required.  The  same  may  be 
said  of  the  flue  system  proposal.  If  the 
shorter  pipe  or  flue  leading  from  the  top 
of  the  room  is  not  sufficiently  warmed 
by  being  placed  near  a  flue,  so  as  to 
create  an  upward  tendency  in  its  column 
of  air,  a  state  of  equilibrium  will  ensue, 
or  a  reverse  action  will  be  set  up.  The 
longer  leg  or  pipe  may  possibly  become 
so  much  warmer  that,  instead  of  a  de- 
scending current  being  established,  an 
ascending  one  will  take  place,  and  the 
exhaust  pipe  will  supply.  It  is  very  sel- 
dom, however,  such  a  condition  of  things 
can  exist,  as  the  longer  tube  or  column 
of  air  being  always,  under  equal  temper- 
ature, heavier  than  the  shorter  one, 
motion  must  ensue.  Wherever  practica- 
ble, therefore,  it  is  desirable  to  place  the 
exhaust  pipe  by  the  side  of  a  flue  con- 
stantly or  generally  warm — as  the 
kitchen  flue — and  to  bring  the  supply 
pipes  down  the  outer  walls  or  piers  on 
the  coolest  side  of  the  house.    • 

It  is  desirable  also  that  the  supply 
channels  should  have  a  larger  area  than 
the  exhaust  pipe  or  outlets.  The  pro- 
portion we  have  mentioned  seems  a 
desirable  one.  Tredgold  recommends 
that  the  lower  openings  should  be  double 
the  area  of  the  upper  ones,  and  be  divid- 
ed to  break  the  current.  Unless  this 
precaution  is  taken  by  the  architect  in 
proportioning  his  apertures  the  current 
of  cold  air  will  not  be  so  efficient  in  dis- 
placing the  hotter  air.  Sometimes, 
indeed,  we  find  the  outlets  much  larger 
than  the  regulated  inlets.  The  conse- 
quence of  this  is  that  a  current  of  colder 


air  will  descend  through  the  outlet, 
which,  in  fact,  will  become  divided  by 
the  two  opposite  currents,  these  will 
intermingle  with  each  other.  It  is  upon 
this  fact  that  Watson's  double-current 
ventilator  was  invented.  It  may  be  as 
well  to  remind  some  of  our  readers*  that 
the  velocity  of  discharge  per  second 
through  tubes  of  this  kind  is  eight  times 

|  the  square  root  of  the  difference  in  height 

|  of  the  two  columns  of  air  in  decimals  of 

I  a  foot.  A  deduction  of  one-fourth  of 
this  for  friction  will  be  the  efflux. 

The  system  re-introduced  to  the  public 

|  through  Mr.  Curtis's  pamphlet  is  one 
that  we  can  confidently  recommend   to 

;  the  profession.  Into  the  details  of  the 
arrangement  we  have  not  space  to  enter 

!  here.  Wooden  or  metal  pipes  (the  lat- 
ter are  best)  may  be  used  for  the  supply 

j  tubes:  for  the  exhaust  pipes  iron  or  zinc 
pipes  should  be  used.     The  fresh  air  may 

;  be  introduced  at  the  skirtings  or  dado, 
or  just  above  the  heads  of  people  in 
assembly-rooms  through  perforated  pan- 

i  els,  while  the  open  or  perforated  cornice 

;  appears  to  us  to  be  the  most  desirable 
means  for  the  egress  of  the  gases.  Sun- 
lights are  useful  in  producing  an  upward 

1  current,  and  a  gas  jet  kept  burning  in  the 

;  eduction  flue  of  a  large  room  may  be 
judiciously  employed.  Two  methods 
should  always  be  before  us  in  ventila- 

!  tion,  either  of   which   we   can  adopt,  ac- 

!  cording  to  circumstances.  The  first  is 
that   of   extracting    or  drawing   off  the 

,  vitiated  air,  the  fresh  air  filling  the  vacu- 
um; and  the  second,  the  plenum  system, 

I  that  of  forcing  air  in,  the  vitiated  being 
driven    out.      But    for    either    of    these 

j  modes  we  must  provide  means.  To  de- 
pend on  windows  and  doors  may  do  very 

1  well  in  ordinary  houses,  not  too  crowd- 
ed, but  it  is  unscientific,  to  say  the  least; 

'  and  if  we  desire  to  make  our  buildings 
perfect  in  scientific  and  artistic  arrange- 
ments, we  must  take  some  pains  in  pro- 
portioning these  apertures  so  that  a  con- 
stant current  may  be  going  on  when  our 
buildings  are  densely  crowded  and  closed. 


The  aggregate  extent  of  railway  in 
!  operation  in  France  at  the  close  of  last 
!  year  was  12,376^  miles,  as  compared  with 
i  11,950  miles  at  the  close  of  1874.  It 
follows  that  the  extent  of  new  line  open- 
!  ed  in  France  in  1875  was  426  miles. 


424 


-VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


MINERAL  RESOURCES  OF  JAPAN. 


From  "Iron." 


The  Japanese  Commission  to  the  Cen- 
tennial Exhibition  has  lately  issued  a 
work  modestly  termed  an  official  cata- 
logue, but  which  is  really  very  much  more, 
since,  out  of  a  hundred  and  thirty  pages, 
thirty  only  are  given  to  the  list  of  arti- 
cles, and  the  remainder  are  devoted  to  a 
series  of  excellently  written  descriptions 
of  the  principal  resources  and  industries 
of  the  country.  From  this  catalogue 
we  make  the  following  extracts,  begin- 
ning with  the  subject  of 

Mining  and  Metallurgy. — Yery  little 
is  known  about  the  origin  of  mining  in 
Japan.  It  is,  however,  a  fact  that  sev- 
eral mines  were  being  worked  during  the 
latter  part  of  the  eighth  century,  and  the 
large  number  of  old  abandoned  adits, 
which  are  to  be  found  in  the  metalliferous 
districts,  leave  no  doubt  as  to  the  fact 
that  mining  was  in  a  flourishing  condi- 
tion centuries  ago. 

The  system  of  working  mines  has 
changed  but  little  since  olden  times,  and 
consists  simply  in  driving  one  or  several 
adits  from  places  where  a  vein  or  seam 
appears  on  the  slope  or  top  of  a  hill;  the 
vein  is  followed  as  far  as  possible,  and 
when  necessary,  lower  adits  are  driven, 
until  in  the  end  it  is  found  impossible 
any  longer  to  overpower  the  water  with 
the  very  imperfect  machinery  used  for 
pumping  and  draining.  Many  mines 
have  had  to  be  abandoned  after  a  longer 
or  shorter  period  of  prosperity,  solely  on 
this  account.  In  certain  instances  great 
efforts  have  been  made  to  avoid  this  mis- 
fortune, and  adits  have  been  driven  for 
the  purpose  of  draining  off  the  water. 
Thus  in  the  lead  mines  of  Hosokura,  in 
the  province  of  Rikusen,  a  draining  adit 
may  be  seen  of  8,370  feet  in  length; 
nevertheless  the  mine  has  been  almost 
entirely  abandoned,  and  the  actual  work- 
ing places  are  at  present  far  below  the 
level  of  the  water  adit  in  question.  In 
the  mines  of  Udoge,  where  the  rock  is 
very  soft,  a  water  adit  thirteen  feet  high 
and  ten  feet  wide  was  commenced  a  few 
years  ago.  Ever  since  the  earliest  times 
the  timbering  of  the  adits  has  been 
known  and  effected  with  all  the  neces- 


sary skill  ;  and  as  the  wood  is  both 
abundant  and  cheap  in  most  places,  it 
has  not  been  spared.  The  dimensions 
of  the  adits  vary  greatly;  in  some  mines 
they  are  so  narrow  that  it  is  almost  im- 
possible for  a  full-grown  person  to  pass 
through,  and  consequently  children  have 
to  effect  the  transport  of  the  mineral. 
The  latter  is  usually  packed  in  strong 
sacks,'  made  of  matting,  which  are  fast- 
ened to  the  child's  back  by  means  of  a 
rope.  In  many  places  the  passage  be- 
comes so  low  that  the  child  has  to  crawl 
along  on  all  fours,  dragging  the  sack  of 
mineral  behind  him.  The  ladders  used 
for  getting  from  one  adit  to  another  on 
a  different  level  are  simply  trunks  of 
trees  with  steps  cut  into  them. 

The  means  employed  by  the  miner  for 
attacking  the  rock  consists  merely  in  the 
use  of  hand  tools,  namely,  the  pick,  the 
gad,  the  hammer  and  chisel.  Gunpow- 
der has  only  been  brought  into  use  for 
blasting  purposes  in  latter  years,  and  its 
introduction  is  chiefly  due  to  foreigners. 
The  apparatus  used  for  removing  the 
water  is  composed  only  of  small  wooden 
hand-pumps,  buckets  and  occasionally  of 
a  kind  of  water-wheel  with  scooping 
paddles,  and  moved  by  treading;  the 
water  pipes  are  either  made  of  bamboo  or 
wood.  As  regards  the  ventilation  of 
mines,  it  is  often  realized  with  more  or 
less  of  perfection,  by  connecting  two 
adits  of  different  levels,  and  in  some 
cases  by  running  an  air  channel,  made 
of  wooden  planks,  throughout  the  whole 
length  of  the  adit,  so  as  to  allow  the 
air  to  circulate  through  the  adits  and 
this  channel.  In  the  lowest  adits,  how- 
ever, the  absence  of  sufficient  ventila- 
tion has  in  many  cases  caused  them  to 
be  abandoned  or  else  to  be  worked  on  a 
very  small  scale  only.  The  lighting  in 
the  mines  is  either  effected  by  torches 
of  dried  bamboo  or  oak  wood,  which 
latter  is  beaten  until  it  becomes  soft 
enough  to  burn  easily;  or  by  iron  lamps 
in  the  shape  of  saucers  with  a  double 
suspension.  Sometimes  the  lamp  con- 
sists merely  of  a  kind  of  murex  shell 
containing  vegetable  or  fish  oil.  The 
wick  is  made  of  the  pitch  of  soft  rush 
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{juncus  effusus),  which  is  also  used  for 
wax  candles  and  ordinary  lamps. 

The  annual  production  of  the  mines 
of  Japan,  in  gold,  silver,  copper,  iron, 
lead,  tin,  coal  and  coal  oil  was  valued  in 
1875  at  $3,687,275. 

Of  late  years  the  Government  has 
made  great  efforts  to  improve  the  Con- 
dition of  mining  and  metallurgy,  the 
principal  shortcomings  of  which  are  : — 
(1)  The  insufficiency  of  machinery  for 
pumping  out  the  water;  (2)  the  imper- 
fect system  of  attacking  the  rock  with 
only  hand  tools,  which,  together  with 
the  custom  of  leaving  the  mine  to  be 
worked  entirely  by  contracting  miners, 
without  any  system  and  under  no  control, 
has  not  only  the  effect  of  causing  a  great 
part  of  the  vein  to  be  left  untouched, 
but  also  in  many  cases  the  future  of  the 
mine  has  been  endangered  by  the  total 
absence  of  any  well  combined  plan;  (3) 
the  imperfection,  and,  consequently,  the 
expensiveness  of  the  processes  employed 
for  dressing,  preparing  and  smelting  the 
ores.  Some  mines,  however,  such  as 
the  Takashima  coal  mines,  near  Nagasaki, 
are  now  being  worked  according  to  the 
modern  system  and  are  provided  with 
the  necessary  steam  power.  The  work- 
ing of  several  other  mines  is  being  im- 
proved in  the  same  manner,  and  the 
new  works  are  already  in  course  of  erec- 
tion at  the  silver  and  copper  mines  at 
Ikuno,  Sado  and  Ugo.  The  Govern- 
ment mining  department  has  also  com- 
menced the  construction  of  several  high 
furnaces  for  the  smelting  of  iron  ores. 

It  will  be  observed  that  an  excellent 
field  is  here  open  for  improved  mining 
inventions  of  all  kinds. 

Minerals,  Ores,  &c. — The  veins  of  gold 
and  silver  ores  in  Japan  are  generally 
composed  of  quartz,  native  silver,  silver 
ore  (argentite  and  antimonial  silver), 
containing  more  or  less  gold  and  iron 
and  copper  pyrites,  occasionally  mingled 
with  blende  and  galena.  The  most  im- 
portant, and  almost  the  only  iron  ore 
worked  till  now  is  the  magnetite,  found 
either  in  the  shape  of  solid  masses  or  in 
that  of  sand.  In  general  the  magnetic 
ores  contain  from  sixty-two  to  sixty-five 
per  cent,  of  metal.  The  magnetic  sand 
and  the  solid  ore  are  the  only  materials 
used  for  smelting  iron  ;  however,  iron 
glance  and  brown  hematite,  with  fifty  - 
six  to  sixty  per  cent,  of  iron  ore,  are  also 


found  in  Japan.  Copper  ore  is  found  in 
many  places,  and  may  be  considered  as 
a  rich  ore,  since  it  contains  on  an  average 
from  ten  to  fifteen  per  cent,  of  metal. 
It  is  composed  mostly  of  copper  pyrites, 
together  with  more  or  less  iron  pyrites, 
and  is  found  chiefly  in  clay  slate.  The 
principal  mines  are  situated  in  the  north- 
ern part  of  the  island  of  Nippon,  but 
ores  are  also  found  in  more  southern 
provinces,  as,  for  instance,  in  Bichiu. 
Sometimes  the  ores  are  much  richer  than 
has  been  stated,  and  contain  twenty-five 
to  thirty-five  per  cent.,  even  up  to  fifty- 
five  per  cent,  of  copper.  The  lead  ores 
which  are  found  in  Japan  are  mostly 
galenas,  with  forty  to  eighty  per  cent, 
of  metal,  and  sometimes  a  small  quantity 
of  silver.  Tin  ore  is  found  in  Satsuma, 
Suwo,  and  Bingo.  In  latter  years,  at- 
tention has  been  drawn  to  other  miner- 
als, such  as  gray  antimony  and  bioxide 
of  manganese  ;  but  they  are,  as  yet, 
without  great  importance.  A  cobalt- 
iferons  mineral,  which  is  found  in  the 
shape  of  small  pebble  conglomerates  in 
the  bed  of  certain  rivulets,  has  been 
known  for  many  years.  After  the  rawT 
material  has  undergone  a  certain  process 
of  powdering,  washing,  and  calcining,  it 
is  used  for  blue  porcelain  paintings. 

Coal,  Asphalt,  Petroleum,. — The  most 
important  coalfields  are  those  in  the 
north-west  of  the  island  of  Kiushiu,  in 
the  district  of  Karatsu;  and  also  in  the 
island  of  Takashima,  near  Nagasaki. 
The  total  yield  of .  the  Karatsu  district 
may  be  estimated  at  eighty  to  ninety 
tons  daily,  which  is  sold  at  neighboring 
ports  at  §4  to  $5  per  ton.  The  working 
of  the  rich  seams  in  the  island  of  Taka- 
shima, about  eight  miles  west  of  Naga- 
saki, has  been  commenced  on  the  modern 
system,  with  improved  machinery.  This 
mine,  actually  the  property  of  a  Japan- 
ese company,  is  now  very  prosperous, 
and  produced  7S,000  tons  in  1874.  In 
the  island  of  Amakusa,  on  the  west  side 
of  Kiushiu,  a  sort  of  coal  is  found, 
which  is  very  much  like  anthracite.  As 
the  industry  of  the  country  is  being  de- 
veloped by  the  introduction  of  new 
methods  and  machinery,  so  will  the  de- 
mand for  mineral  combustibles  increase, 
and  mining  will  be  effected  on  a  much 
more  extensive  scale. 

Petroleum  is  found  in  the  districts  to 
the  north-west  of  Tokio,  as,  for  instance, 
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in  Yechigo,  Shinano,  Ugo,  &c.  In  the 
first  of  these  provinces  oil  was  discovered 
300  years  ago;  and  it  has  always  been 
counted  amoung  the  seven  wonders  of 
Yechigo  that  a  natural  combustible  gas 
issued  from  the  ground  in  certain  places, 
and  could  be  brought  through  bamboo 
pipes  into  the  interior  of  the  houses  and 
used  for  illuminating  purposes,  as  it  is 
now  used  for  heating  the  small  stills 
for  refining  the  crude  oil.*  Although  the 
presence  of  the  oil  has  been  known  for 
a  long  time,  the  people  of  the  country 
began  to  use  it  only  forty-six  years  ago. 
Since  then,  no  less  than  508  wells  have 
been  sunk. 

Building  Materials. — Although  build- 
ing stones  are  by  no  means  scarce,  yet 
they  have  been  seldom  used  for  houses, 
but  mostly  for  foundations,  temple  stairs, 
gateways,  sea  walls,  and  battlements, 
which  latter  are  sometimes  of  enormous 
extent :  as,  for  instance,  in  Tokio  and 
Osaka,  where  some  granite  stones  of 
thirty  feet  in  length  by  eighteen  feet  can 
be  seen.  The  battlements  and  walls  are 
generally  made  of  well-dressed  blocks 
of  irregular  shape,  built  up  without  the 
use  of  mortar.  The  chief  materials  used 
for  these  different  purposes  are  granite, 
trachyte  and  trachytetuff. 

All  kinds  of  colored  mixtures  of  sand, 
clay,  and  lime,  and  mineral  colors,  are 
prepared  for  plastering  the  inner  walls 
of  the  houses,  and  a  very  fine  black 
stucco  is  used  for  the  exterior  of  the 
fireproof  warehouses.  In  order  to  give 
the  plaster  more  solidity  and  coherence, 
paper  fibre  (prepared  by  boiling  old 
paper)  and  the  gluish  decoction  of  a 
fucus,  called  fu,  are  mingled  with  the 
powder. 


Clay,    ^Kaolin,    Silex,    &c. — Minerals 
used    for  pottery    of  all  kinds,  such  as 
clay,  kaolin,  silex,  &c,  are  very  abund- 
ant in  Japan,  and  are  spread  over  all  the 
country.     In   the    small  town  of  Arita, 
province  of  Hizen,  the  head  center  of  the 
porcelain  manufacture  of  Japan,  within 
a  very  limited  circuit,  not  half  a  mile  in 
diameter,  there  are  found  embedded  in 
the    rock    at    different    places,    all    the 
materials  necessary  for  the  "  biscuit,"  for 
the  coating  of  the  ware  before  glazing, 
for  the  glace,  for  the  craquele,  &c,  the 
best  being   of   such  good   quality    that, 
after  being  powdered  and  decanted,  it  is 
used   without    any    further   mixture  for 
the  finest  wear — the  so-called  egg-shell 
porcelain.   In  the  central  part  of  Niphon, 
where  granite  is  the  principal  constitu- 
ent of  the  mountains,  in  the  province  of 
Owari,    Yamashiro    and   the    island    of 
Awajishima,    opposite    Hiogo,    beds   of 
petuntse,  very  much  like  the  Bohemian 
material,  are  to  be  found.     When  used 
for  porcelain,  this  material  is  mixed  with 
silicious  felspathic  minerals  from  other 
places.     A  thorough  mineralogical  and 
chemical  examination  of  these  minerals 
has  not  yet  been  made,  but   would,  no 
doubt,   prove    to    be    of   great  interest. 
Graphite  has  been  discovered  in  Satsuma 
and  Rikuzen;  certain  very  pure  samples 
have  been  found  fit  for  such  purposes  as 
the  manufacture  of  pencils;  but  in  this 
case   it    would  have  to  be  washed  and 
ground  with  an  addition  of  clay.    Whet- 
stones, grindstones,  of  all  qualities,  are 
very  abundant,  and  are  in  the  hands  of 
every  artisan,  who,    on   account   of  the 
softness  of  his  cutting  tools,  is  frequent- 
ly obliged  to  have  recourse  to  the  whet- 
stone.     Garnets    are    used  for  grinding 
and  polishing  hard  materials. 


ON  THE  EFFECTS  OF  IRON  MASTS  ON  COMPASSES   PLACED 

NEAR  THEM. 

By  Staff-Commander  E.  W.  CREAK,  R.  N 
Proceedings  of  the  Royal  Society. 


The  question  of  the  position  of  the 
standard  compass  on  board  ship,  whether 
of  wood  or  iron,  is  one  of  the  greatest 
importance  with  respect  to  safe  naviga- 
tion. In  H.M.  ships  it  is  one  of  the 
principal  duties  of  the  Superintendent  of 


Compasses  to  secure  the  best  possible 
position  for  this  compass,  and  when  that 
position  has  been  determined,  to  ascer- 
tain the  horizontal  and  vertical  compo- 
nents of  the  total  magnetic  force  result- 
ing from  the  iron  used  in^  the  construe- 


EFFECTS   OF   IRON   MASTS    OlS"   COMPASSES. 


427 


tion  and  equipment  of  every  class  of 
vessel,  in  order  that  the  correctness  of 
this  choice  of  position  may  be  insured 
and  the  facts  recorded. 

With  proper  instruments  in  experi 
enced  hands  these  observations  can  be 
readily  made  ;  but  in  iron  ships  it  is  a 
somewhat  intricate  matter  to  eliminate 
the  part  which  the  hull  plays  in  produc- 
ing these  forces,  from  those  caused  by 
iron  used  in  equipment,  unless  observa- 
tions are  made  on  completion  of  the  hull 
and  afterwards  as  the  equipment  pro- 
gresses. In  wooden  ships,  however,  the 
case  is  different;  for  the  great  mass  of 
the  ship  being  of  wood  and  the  iron  in 
detached  masses,  the  latter  can  be  at- 
tacked in  detail,  and  the  disturbance 
they  cause  to  the  several  compasses 
nearly  observed. 

Carefullv  conducted  investigations 
made  in  different  ships  on  the  effects  of 
similar  bodies  of  iron  are  very  valuable 
to  those  directing  compass  arrangements, 
as  they  give  the  necessary  information 
as  to  how  near  those  bodies  may  be  ap- 
proached or  of  necessity  avoided. 

The  effects  of  introducing  iron  riders 
for  strengthening  wooden  ships  were  in 
a  measure  discussed  by  the  late  Captain 
E.  J.  Johnson  in  his  work  "On  the  Ne- 
cessity of  ascertaining  the  Deviation  of 
the  Compass,"  where  he  treats  of  the 
diagonal  iron  riders  of  the  Encounter  and 
Conflict,  but  afterwards  more  fully  in  the 
papers  which  the  present  Hydrographer, 
Captain  Evans,  F.R.S.,  has  written  and 
published  in  the  Philosophical  Transac- 
tions of  the  Royal  Society,  Journal  of 
the  United  Service  Institution,  and 
Transactions  of  the  Institute  of  Naval 
Architects.  In  these  papers  may  be 
traced  in  turn  the  effects  of  adding 
steam  engines  and  boilers,  iron  beams 
and  armor  plating  ;  but  until  lately  no 
good  opportunity  has  occurred  for  ac- 
curately defining  the  action  of  iron  masts 
in  producing  compass  disturbance  from 
observation.  The  case  referred  to  is 
that  of  H.M.S.  Undaunted  ;  and  when 
about  to  visit  that  ship  in  the  ordinary 
course  of  my  duties  in  the  Compass  De- 
partment, I  was  directed  by  the  Hydrog- 
rapher to  make  a  special  series  of  ob- 
servations of  the  horizontal  and  vertical 
forces  at  all  three  compasses,  as  the  low- 
er masts  and  bowsprit  were  of  iron. 

To  prepare  the  way  for  a  discussion  of 


the  results  of  these  observations,  it  ap- 
pears necessary  to  give  a  short  history 
of  the  two  principal  vessels  mentioned 
in  this  paper,  and  also  to  go  over  some 
already  well-trodden  ground,  whilst  tak-* 
ing  account  of  all  the  iron  and  the  ef- 
fects on  their  compasses,  until  the  ques- 
tion of  the  iron  masts  alone  remains  to 
be  settled. 

For  some  years  past  there  have  been 
lying  in  Sheerness  Harbor  two  wooden 
frigates  of  exactly  the  same  build,  ton- 
nage and  horse-power,  namely,  the  Un- 
daunted and  Neiocastle — the  only  import- 
ant difference  between  them  being  that 
the  Undaunted  has  iron  masts',  the  New- 
castle wooden.  The  diagonal  iron  riders 
which  form  the  principal  portion  of  the 
iron  used  in  construction  of  their  hulls 
are  about  six  inches  in  breadth,  three- 
fourths  of  an  inch  thick,  and  placed  five 
feet  apart  at  an  angle  of  forty-five  degrees 
with  the  decks,  they  extend  from  about 
five  feet  from  the  keelson  on  both  sides 
of  the  ship  up  to  the  top  sides — the  after 
riders  inclined  towards  the  bow,  the 
foremost  towards  the  stern,  the  two 
sets  meeting  and  overlapping  amidships. 
These  riders,  therefore,  being  separated, 
are  independent  magnets,  except  at  the 
point  of  meeting  just  mentioned. 

The  Neiocastle  was  built  at  Deptford, 
head  S.  73°  W.  (magnetic),  and  is  a  ves- 
sel of  3,035  tons  and  600  horse-power. 
The  Undaunted  was  built  at  Chatham, 
head  S.  43°  E.  (magnetic),  and  is  a  ves- 
sel of  3,039  tons  and  600  horse-power. 
Assuming  the  dip  at  the  time  of  build- 
ing to  be  68°,  the  after  riders  of  both 
ships  (near  which  the  ^ompasses  are 
placed)  were  not  far  removed  from  the 
direction  of  the  Earth's  Total  Force, 
and  would  therefore  become  strongly 
magnetized,  especially  those  in  the  Un- 
daunted. 

A  glance  at  the  coefficient  C  of  the 
standard  compasses,  given  in  the  Table, 
shows  at  once  which  ship  was  built  in 
the  easterly  and  which  in  the  westerly 
direction  ;  and,  further,  it  is  highly 
probable  that  in  the  Newcastle  the  coeffi- 
cient B  would  have  been  more  nearly  in 
accordance  with  the  results  of  direction 
of  the  ship  in  building,  but  for  the  mass- 
es of  iron  introduced  in  equipment,  such 
as  engines  and  boilers,  armament,  great 
funnel,  &c.  In  fact,  as  the  compass  is 
only  sixty -two  feet  from  the  stern,  there 


428 


VAN  NOSTRAND'S   ENGINEERING   MAGAZINE. 


is  a  large  excess  of  iron  before  that  posi- 
tion compared  with  that  abaft.  We  may 
reasonably  assume  the  same  of  the  B  in 
the  Undaunted  before  her  iron  masts 
were  stepped. 

It  is  now  time  to  say  something 
about  these  iron  masts.  The  bowsprit 
and  foremast  are  so  far  removed  from 
the  compasses  that  their  effect  may  be 
regarded  as  zero.  The  mainmast  also 
being  at  a  distance  of  sixty-two  feet 
from  the  standard  compass,  its  red  and 
blue  poles  must  neutralize  one  another. 
At  the  steering-compasses  a  slight  re- 
pulsion towards  the  stern  may  exist, 
but  sufficiently  small  to  be  neglected. 

When,  however,  we  consider  the  po- 
sition, of  the  mizzenmast,  at  a  distance 
of  only  eight  feet  six  inches  from  all 
compasses,  we  shall  find  that  it  has 
produced  deviations  of  very  decided 
amount  and  marked  character;  and 
therefore  our  attention  may  be  confined 
to  that  mast  alone. 

This  mizzenmast,  which  is  eighty-two 
feet  in  length  and  twenty-four  inches  in 
diameter,  was  built  at. Chatham  of  the 
"best-best"  iron,  half  an  inch  thick,  the 
plates  overlapping  making  it  one  inch 
thick  at  its  thickest  parts,  and  for  the 
purposes  of  this  discussion  may  be  con- 
sidered a  hollow  cylinder.  The  effects 
of  iron  in  that  form  have  been  already 
treated  on  mathematically  by  the  late 
Mr.  Archibald  Smith,  FJR.  S.,  in  the 
Phil.  Trans.  Roy.  Soc. 

Whilst  building,  the  mast  lay  in  a 
horizontal  position,  the  direction  N.  43° 
W.  and  S.  43°  E.,  heel  towards  the 
northward,  which  was  a  favorable  po- 
sition for  that  end  of  the  mast  to  receive 
a  permanent  quantity  of  red  mag- 
netism as  the  riveting  was  proceed- 
ing. When  the  mast  was  stepped  in  its 
nearly  vertical  position  and  subjected  to 
the  tremor  caused  by  the  rapid  revolu- 
tions of  the  screw  and  engines,  red  mag- 
netism would  become  more  and  more 
developed.  To  test  to  what  extent  this 
was  accomplished  the  following  experi- 
ments were  made. 

At  fifteen  feet  from  the  heel  on  the 
upper  deck,  and  at  twelve  inches  from 
the  mast,  a  small  compass  was  carried 
round,  the  blue  pole  of  which  pointed 
invariably  to  the  mast.  On  the  poop,  at 
22j  feet  from  the  heel  and  twelve  inches 
from  the  mast,  the  blue  pole  of  the  com- 


pass was  attracted  three  points.  At  9| 
feet  above  the  poop,  and  approaching  the 
center  of  the  mast,  there  was  no  attrac- 
tion ;  but  the  neutral  zone  was  very 
limited  in  extent,  as  the  blue  magnetism 
began  to  make  itself  felt  a  few  inches 
further  up.  This  description  of  the 
mizzenmast  shows  that  at  eight  feet  six 
inches  from  all  compasses  there  exists  a 
vertical,  hollow,  cylindrical  magnet,  the 
effects  of  which  are  clearly  demonstrated 
by  the  following  coefficients  (see  table 
on  following  page). 

According  to  the  custom  of  Her 
Majesty's  navy  the  ships  were  swung 
when  ready  for  sea,  to  ascertain  the  de- 
viations of  the  standard  and  steering- 
compasses.  The  vertical  force,  however, 
on  board  the  Newcastle  was  not  observed, 
as  in  wooden  ships  experience  has  shown 
it  to  be  so  little  disturbed.  To  remedy 
this  deficiency  I  must  now  invite  atten- 
tion to  another  wooden  frigate,  H.  M.  S. 
Challenger.  When  the  Challenger  was 
about  to  start  on  her  present  voyage 
from  Sheerness,  an  extended  series  of 
observations  for  the  horizontal  and  ver- 
tical forces  on  board  was  made,  in  order 
to  prepare  for  the  correction  of  the  mag- 
netic observations  now  being  carried  out 
in  her  at  sea. 

This  vessel  was  built  at  Woolwich, 
head  S.  16°  W.,  and  fitted  out  at  Sheer- 
ness; and  the  coefficients  obtained  in  her 
at  two  positions  have  been  introduced  to 
confirm  and  supplement  those  of  the 
Newcastle,  especially  as  she  is  of  the 
same  construction,  although  smaller,  and 
has  wooden  masts.  i 

The  notation  and  methods  of  compu- 
tation of  these  coefficients  are  those 
given  in  the  Admiralty  Manual  of  the 
Deviations  of  the  Compass. 

The  standard  compasses  are  all  within 
three  inches  of  twelve  feet  six  inches 
above  the  upper  deck,  the  steering- com- 
passes three  feet  nine  inches  above  that 
deck,  and  six  feet  apart. 

An  examination  of  the  values  given  in 
the  Table  shows  that  about  8°  have 
been  added  to  the  B  of  the  Undaunted 's 
standard,  but  the  C  remains  practically 
unaltered.  This  is  evidently  the  effect 
of  the  red  pole  of  the  mast  repelling  the 
red  pole  of  the  compass  towards  the 
bow,  and  thus  conspiring  with  the  other 
iron  of  the  ship  to  produce  a  large  -f  B. 
Both  the  mast  and  compass  being  in  the 
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same  fore-and-aft  line,  the  C  cannot  be 
altered,  and  depends  for  its  amount  and 
sign  on  the  diagonal  riders  before  re- 
ferred to.  There  is  nothing  unusual  in 
the  values  of  A,  D,  E,  except  that  the 
Undaunted? s  D  ranks  among  the  largest 
observed  in  wooden  vessels. 

The  A  (or  the  ratio  of  the  mean  hori- 
zontal force  on  board  to  that  on  shore, 
Earth  =  1.0)  is  at  all  the  compasses  a 
fraction  above  unity.  This  probably 
proceeds  from  the  fact,  already  record- 
ed, that  the  iron  in  these  ships  is  in  de- 
tached masses  instead  of  its  direction 
passing  continuously  through  the  com- 
passes like  iron  beams,  which  invariably 
reduce  A  below  unity. 

The  jj.  (or  the  ratio  of  the  mean  verti- 
cal force  on  board  to  that  on  shore, 
Earth  =  1.0)  in  the  Challenger  shows  how 
the  red  poles  of  the  diagonal  riders  act 
in  producing  an  upward  force;  but  had 
the  riders  been  joined  at  the  keelson,  it 
is  almost  certain  that  the  jx  would  have 
been  nearer  unity  at  the  expense  of  A —  t 
a  more  desirable  result,  for  this  reason  : 
experience  has  shown  that  A  may  be  re- 
duced moderately  below  unity  with  no 
appreciable  effect  on  the  working  of  the 
compasses,  whereas  //,  upon  which  the 
heeling-error  so  much  depends,  should  in 
wooden  ships  be  as  near  unity  as  possi- 
ble, heeling-error  being  troublesome  to 
all  navigators,  and  an  insidious  source  of 
danger  to  the  inexperienced. 

In  the  Undaunted  the  /a  at  all  com- 
passes is  evidently  much  reduced  by  the 
vertical  component  of  the  force  produced 
by  the  red  pole  of  the  iron  mast,  which 
pole  is  very  strong  at  a  distance  of  six- 
teen feet,  and  at  an  angle  of  35°  from 
the  vertical  line  passing  through  the 
standard  compass. 

The  coefficient  x,  or  heeling-error 
which  in  these  ships  is  to  leeward,  and 
practically  dependent  alone  upon  the 
value  of  /u  (A  being  so  near  unity  and  D 
so  small),  of  course  becomes  greater  in 
the  Undaunted  than  in  the  two  other 
ships. 

So  far  all  the  coefficients  at  the  stand- 
ard compasses,  and  A,  //,  and  x  at  aU 
compasses,  have  been  examined;  there 
remain  therefore  the  A,  B,  C,  D,  E  of 
the  steering-compasses  to  be  considered. 
For  this  purpose  there  is  sufficient  evi- 
dence in  the  two  sister  ships,  which  are 
strictly  comparable. 
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The  compasses  are  necessarily  placed 
out  of  the  central  line  of  the  ships,  and 
diagonally  to  the  mast  under  discussion; 
therefore,  as  shown  by  the  figures  in  the 
Table,  a  transverse  component  is  intro- 
duced. In  effect  the  iron  mast  has  in- 
creased the  B  of  the  Undaunted' 's  steer- 
ing-compasses by  about  16°.  To  the 
+  C  of  her  starboard  steering-compass 
about  11°  have  been  added,  and  at  the 
port  steering  a  large  —  C  of  13^°  shows 
the  transverse  component  of  the  mast's 
force  more  strongly  than  at  the  star- 
board; but  the  2£°  in  excess  are  proba- 
bly due  to  some  other  cause  not  account- 
ed for  by  the  observations  made. 

The  A  for  these  compasses  is  large  in 
both  ships;  this  does  not,  however,  ap- 
pear to  proceed  from  magnetic  causes, 
but  rather  from  mechanical  error  in 
placing  the  binnacles.  D  and  E  show 
the  results  usual  in  wooden  ships,  except 
the  D  in  the  Undaunted,  which  is  slight- 
ly increased. 

Having  thus,  I  think,  denned  the  effects 
of  the  iron  mizzenmast  of  the  Undaunt- 
ed on  her  compasses,  it  remains  now  to 
show  what  was  the  most  desirable  way 
of  meeting  them,  and  what  was  actually 
done  in  that  direction. 

The  most  certain  cure  of  the  evil 
would  have  been  to  remove  all  the  com- 
passes further  away  from  the  mast,  as 
far  as  magnetic  reasons  are  concerned; 
but  this  w^ould  have  entailed  serious  al- 
terations in  the  arrangements  of  the 
ship  which  the  occasion  by  no  means 
warranted. 

The  standard  compass  might  have 
been  raised  to  a  level  with  the  neutral 
zone  of  the  mast,  but  thisat  the  expense 
of  increasing  vibration  in  the  card  from 
greater  length  of  pedestal. 

The  steering-compasses  being  in  the 
most  suitable  position  for  the  use  of  the 


helmsman,  and  there  being  the  standard 
compass  as  a  means  of  comparison  and 
obtaining  the  correct  course,  no  change 
of  position  was  necessary.  The  three 
compasses  were  therefore  corrected  by 
magnets,  the  semicircular  deviation 
being  reduced  to  the  same  amount  as  in 
the  Newcastle.  It  was  not  thought  de- 
sirable to  correct  the  whole  of  the  semi- 
circular deviation,  as  the  mast,  wThen  the 
ship  should  make  large  changes  of  lati- 
tude, would  probably  add  to  the  chang- 
ing part  of  that  deviation  observed  in 
this  class  of  ships. 

CONCLUSIONS. 

The  effects  of  iron  masts  are  these  : 

1.  They  produce  semicircular  devia- 
tion, and  the  objectionable  addition  to 
that  deviation  known  as  heeling-error. 

2.  That  these  effects  need  not  always 
be  avoided,  as  in  certain  cases  they  may 
be  made  useful  in  experienced  hands; 
for  example,  the  principal  mast  in  this 
discussion,  might,  in  an  iron  ship  built 
head  north,  be  used  to  correct  the  —  B 
of  the  standard  compass,  and  oppose  the 
downward  pull  of  the  ship's  vertical 
force. 

3.  That  the  quadrantal  deviation  is 
slightly  increased,  and  the  mean  direc- 
tive force  remains  undisturbed. 

4.  Lastly,  it  is  suggested  that,  as  the 
magnetic  condition  of  a  mast  may  be 
easily  ascertained  by  carrying  a  com- 
pass round  it  at  stated  distances  and 
parts,  the  mast  may  be  utilized  or  avoid- 
ed as  convenient.  A  similar  examina- 
tion of  the  mast  in  different  latitudes 
would  enable  an  observer  to  eliminate 
the  effects  of  transient  induced  mag- 
netism from  the  subpermanent.  The 
amount  of  deviation  proceeding  from 
these  causes  is  known  for  several  classes 
of  ships;  but  what  part  iron  masts  sup- 
ply is  yet  a  subject  for  inqniry. 
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From  "  The  Building  News.' 


A  translation  of  a  report  presented 
by  a  Commission  appointed  by  the  Minis- 
ter of  Public  Works,  to  investigate  the 
causes  of  the  pollution  of  the  Seine  in 
the  neighborhood  of  Paris,  has  been  pub- 
lished by  Mr.  Robert  Manning,  M.  Inst. 


C.E.  It  deals  with  the  sources  of  the 
pollution  of  that  river,  and  proposes 
measures  for  its  remedy.  As  its  pro- 
posals are  of  special  interest  to  the  sani- 
tary authorities  of  all  large  towns,  we 
may  here  give  a  resume  of  them.     The 
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Commission  appointed  in  1874,  was  com- 
posed of  members  of  the  Department  of 
Public  Works,  and  the  Prefects  of  the 
Seine  and  the  Police,  and  its  report 
recounts  the  various  measures  that  have 
been  undertaken  since  1869,  the  con- 
ferences held  between  the  municipal 
authorities  of  Paris  and  the  engineers  of 
the  navigation.  The  results  of  these  con- 
ferences were  submitted  to  the  Council 
General  des  Ponts  et  Chaussees,  and  the 
opinion  of  the  Council  was  adopted. 
The  general  conclusion  pointed  to  the 
dredging  of  the  river  at  certain  .points 
where  the  discharges  of  two  intersecting 
sewers  occurred  at  Clichy  and  St.  Denis, 
and  the  development  of  experiments  at 
Gennevilliers,  for  the  purification  of  the 
sewage  by  irrigation.  The  report  of  the 
Commission  first  treats  of  the  examina- 
tion of  the  pollution  of  the  Seine,  near 
Paris,  and  the  causes;  and  secondly,  of 
the  measures  proposed  for  the  purifica- 
tion. The  outward  appearances  pre- 
sented between  Clichy  and  Rueil  were  of 
the  most  alarming  kind.  Below  the 
bridge  of  Asnieres,  at  the  great  inter- 
cepting sewer  of  Clichy,  the  river  was  a 
blackish  current,  exhibiting  all  the  traces 
of  foul  contamination.  This  discharge 
from  the  sewer  extends  across  the  river 
in  a  parabolic  curve.  Organic  debris  of 
all  sorts  were  seen  floating,  and  this  filth 
accumulated  along  the  banks;  shoals  of 
organic  matter  were  formed,  some  por- 
tion of  which  subsiding  in  the  bed  of  the 
river,  and  fermenting,  gave  out  at  cer- 
tain periods  of  the  year  large  bubbles  of 
gas,  which  burst  at  the  surface  of  the 
river.  From  the  isles  of  Clichy  to  that 
of  St.  Denis,  this  polluted  stream  of  foam 
and  scum  dominates,  destroying  vegeta- 
tion and  too  poisonous  for  fish.  .  Manu- 
facturing refuse  increases  the  pollution. 
At  St.  Denis,  below  the  Suspension 
Bridge,  another  interception  sewer  dis- 
charges its  fetid  contents,  rendering  the 
river  black  and  viscid.  Below  Marley 
the  two  branches  of  the  river  unite,  the 
water  is  less  polluted,  and  at  Meulan  all 
visible  signs  of  pollution  disappear. 
Chemical  examination  confirm  these 
superficial  appearances.  Organic  nitro- 
gen reaches  its  maximum  at  the  Clichy 
sewer,  while  below  St.  Ouen  there  is  a 
sensible  diminution.  Thus  between 
Clichy  and  St.  Denis  the  polluted  branch 
of  the  river  is  quite   unfit  for  domestic 


use,  the  fermentable  elements  are  great, 
and  the  dissolved  oxygen  is  almost  nil. 
At  Meulan  organic  nitrogen  is  greatly 
decreased.  The  causes  of  the  pollution 
are  next  discussed.  The  ou-tlets  of 
Clichy  and  St.  Denis  discharge  into  the 
Seine  a  daily  quantity  of  260,000  cubic 
meters,  or  about  three  cubic  meters  per 
second,  and  about  771  kilometers  (nearly 
five  miles)  of  sewers  are  at  present 
formed.  The  velocity  of  the  river  near 
Paris  is  very  low — hence  the  sewage  is 
thrown  into  a  pool  of  stagnant  water 
favoring  decomposition.  The  second 
part  of  the  report  is  devoted  to  the 
remedies  proposed.  Dredging  of  the 
solid  detritus  is  insisted  upon  as  one 
measure.  It  appears  that  150,000  tons 
of  solid  matter  is  discharged  during  the 
year,  and  this  subsiding  creates  shoals 
and  banks  of  fermenting  matter.  Puri- 
fication by  chemical  processes  is  con- 
sidered insufficient  and  costly,  especially 
the  sulphate  of  alumina  process,  which 
only  effects  a  mechanical  clarification, 
two-thirds  of  the  nitrogen  remaining  in 
the  effluent  water.  Dr.  Frankland's 
analysis  of  different  re-agents  tried 
shows  that  they  only  extract  from  the 
sewage  water  thirty-seven  per  cent,  of 
the  organic  nitrogen,  and  the  process 
above  named  leaves  an  enormous  deposit 
behind  in  the  basin.  These  facts  have 
led  the  Commission  to  look  upon  chemi- 
cal purification  as  abortive,  and  past  ex- 
perience shows  the  expense  to  be  not  less 
than  one  franc  for  every  100  cubic  meters 
treated.  Under  such  circumstances 
purification  by  the  combined  action  of 
the  soil  and  vegetation  is  proposed  as  the 
only  solution.  For  this  purpose  the  per- 
meable soil  of  Gennevilliers  was  selected 
for  irrigation,  and  the  work  was  com- 
menced in  June,  1869.  The  sewage  is 
raised  by  centrifugal  pumps  without 
valves  (the  engines  being  150  horse- 
power) to  a  height  of  about  eleven 
meters,  into  cast-iron  pipes,  which  reach 
the  plain  of  Gennevilliers.  A  conduit  of 
masonry  on  side  of  departmental  sewer, 
1.60  meters  high  by  0.90  wide  at  com- 
mencement, is  built  between  the  gate  of 
La  Chapelle  and  the  bridge  of  St.  Ouen, 
and  the  inclination  is  sufficient  to  convey 
by  gravity  alone  all  the  sewage  from 
this  side  of  Paris.  The  St.  Ouen  conduit 
can  discharge  the  same  quantity,  or 
44,000  cubic  meters,  per  day.     The  sew- 
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age  water  from  both  sources  unite  on  the 
embankment  of  Asnieres  and  Genne- 
villiers, and  the  distribution  is  affected 
by  furrows  and  ridges.  The  plain  of 
Gennevilliers  is  an  immense  filter  of 
alluvium,  varying  from  seven  to  ten 
meters  in  depth;  below  this  the  infiltrat- 
ed waters  lie,  forming  a  vast  sheet,  which 
has  been  found  perfectly  free  from  de- 
posit of  organic  matter.  The  experi- 
ments are  conclusive,  and  show  that 
luxuriant  vegetation  is  produced  by  the 
irrigation,  and  that  the  waters  which 
return  to  the  rivers  are  harmless.  It  has 
been  shown  that  the  matter  in  suspen- 
sion is  retained  by  the  upper  bed,  and 
the  organic  azotic  matter  is  absorbed  by 
vegetation  or  oxydised  by  the  subsoil, 
which  retains  its  porous  property.  The 
Commission  state  that  the  whole  sewage 
of  Paris  or  100  million  cubic  meters  per 
annum  can  be  disposed  of  on  2,000  hec- 
tares (about  5,000  acres)  in  the  peninsula 
of  Gennevilliers.  An  irrigation  canal, 
extending  to  the  Forest  of  St.  Germain, 
is  also  proposed  to  take  half  the  sewage, 
and  next  year  it  is  thought  the  Seine 
will  be  largely  purified. 

A  description  of  works  in  progress  at 
Berlin  for  the  sewerage  of  that  city,  and 
for  the  application  of  the  sewage  to 
irrigation,  shows  a  miserable  state  of 
sanitary  science  a  few  years  ago  in 
Germany.  Speaking  of  the  two  capitals, 
Vienna  and  Berlin,  the  former  has  just 
completed  a  water  supply  from  the 
springs  of  Semmring  at  a  considerable 
elevation  above  the  city,  by  which  the 
unwholesome  wells  are  discarded,  and 
Berlin  has  at  last  undertaken  the  far 
more  urgent  requirement  of  drainage, 
which  she  desires  shall  place  her  on  a 
level  with  London  and  Paris.  The  city 
is  comparatively  modern,  owing  its  pros- 
perity to  Frederick  I.  Before  the  re- 
vocation of  the  Edict  of  ISTantes  the  pop- 
ulation was  only  20,000;  now  it  is  about 
a  million.  It  is  built  on  a  sandy  plain 
on  the  banks  of  the  Spree,  and  has  a 
total  area  of  6,250  hectares.  The  old 
town  is  on  the  right  bank,  and  is  com- 
posed of  factories  and  stores;  the  new 
town,  on  the  left  bank,  with  its  central 
boulevard  of  lime  and  chesnut  trees,  is 
characterised  by  more  of  the  luxurious 
architecture  of  Paris,  in  which,  however, 
a  strong  touch  of  Greek  purism  is  evi- 
dent.    Like  Paris  and  London,  however, 


the  city  has  been   sanitarily  neglected, 
and  is  only  now  awakening  to  a  sense  of 
its  position.     Its    streets,  badly  paved, 
are   rendered   more    dangerous   by   the 
open  trenches  which  act  as  sewers,  and 
discharge  into  the    nearest    arm  of  the 
Spree  the    house    drainage.     These  are 
crossed  by  stone  flags  or  planks.     Rain 
water   from   the    roofs   and   the   house 
water  from   the    kitchens    flow    on    the 
surface,    and    the    latrines    empty   into 
covered  cesspools.     Such  a  state  of  things 
existed  when  M.  Hobrecht  undertook  the 
sanitafy  reconstruction    of  the   capital. 
The  principles  adopted  by  him  and  his 
brother,  the  chief  burgomaster,  were  cir- 
culation and  the  restitution  of  the  sew- 
age  to   the   soil,   besides   an  unlimited 
supply   of   pure   water   under  pressure. 
Let  us  see  what  rules  have  been  adopted 
for   dwellings.     A    police   ordinance  of 
1874  requires  that   where  a  main  sewer 
exist  every  proprietor   is  compelled   to 
connect  his  house  with  it  by  a  drain  0.16 
meters  in  diameter  (about  five  inches). 
This   drain   serves   for  rain,    household 
water,  and  water  closets,  but  solid  debris 
or  refuse,  cinders,  &c,  are  forbidden  to 
enter.     The  cesspits  are  abandoned  for 
water-closets,  and   there  are  no  longer 
open  trenches  in  the  streets,  but  these 
have  curbed  footways,  with  curved  sur- 
faces for  the   roadway,    and   with  rect- 
angular stone  water  tables.     A  plan  of 
the  drainage  of    each   property  is   sub- 
mitted according  to  another  rule.     As  a 
measure    of   precaution    the   rain-water 
pipes  are  terminated  by  a  syphon  appar- 
atus  which     retains    any    solid   matter 
coming  from  the  roof.     The  kitchen  sink 
has   a  grating,   and  the  house-drain   is 
protected  against  the  return  of  foul  air 
from  the  sewer  by  a  syphon  and  clack- 
valve,  or  flap,  with  a  manhole  for  inspec- 
tion.    A  water-rate  is  imposed  by  an- 
other order,  and  the  city  has  purchased' 
the  works   of  an    English  company  for 
the  supply  of  water  from  the  sands  of 
the  Spree.     The  cost  is  divided  thus:  — 
The  works  within  the  house  are  executed 
by  owner,  those  in  the  street  by  the  pub- 
lic authority.     The  decree  gives  a  judi- 
cious power  also    to   the  authorities  to 
construct  the  siphon,  the  valve,  and  the 
manhole,  thus  to   ensure  a  proper  junc- 
tion of  drain  with  sewer;  and  power  is 
given  to  enter  a  house  to  see  if  the  con- 
ditions have  been  complied  with;  a  breach 
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of  which  is  punishable  by  fine  and  im- 
prisonment. Ea,ch  house  pays  a  certain 
proportion  of  the  expenditure,  including 
maintenance  and  interest  on  capital,  ac- 
cording to  a  fixed  scale.  Ventilation  of 
the  houses  is  also  undertaken,  but  water- 
supply  and  drainage  are  obligatory.  As 
regards  the  streets  the  sewers  are  in  the 
line  of  the  open  trenches,  double  and 
parallel  lines  corresponding  with  the 
footways  being  constructed,  and  these 
discharge  into  others  running  across  at 
the  intersections,  which,  in  turn,  dis- 
charge into  the  main  sewers.  There  are 
thus  three  systems :  the  smallest  are 
pipes,  .22  meter  in  diameter,  in  double 
lines  through  the  streets;  the  next,  or 
branch  drains,  are  stoneware  pipes,  .45 
meter  in  diameter,  or  egg  shaped  brick 
sewers  regulated  at  the  two-thirds; 
and,  lastly,  the  main  intercepting  sew- 
ers of  brick,  about  1.33  to  two  meters. 
Grated  gullies  or  sumps  are  used  for  the 


streets,  and  manholes  are  placed  at  the 
junctions  of  the  street  in  the  lines  of 
main  and  secondary  sewers.  Manholes, 
with  perforated  plates  for  ventilation, 
are  also  used.  From  the  flatness  of  the 
city  the  sewerage  is  divided  into  districts, 
each  having  its  own  pumping  engines. 
One  of  360-horse  power  is  in  operation 
for  Friederickstadt.  The  sewerage  is 
received  into  a  circular  well  twelve 
meters  in  diameter,  divided  by  a  strainer 
to  prevent  solids  passing  into  the  con- 
duits. The  sewerage  is  then  discharged 
on  an  estate  of  824  hectares,  which  is  to 
be  cultivated  with  vegetables,  root-crops, 

This  land  is  at  Marie nf elder,  and  is 
thirty  meters  above  the  pumping  level. 
Like  measures  are  being  carried  out  on 
the  left  bank  of  the  river,  and  another 
estate  of  equal  area  obtained  for  irriga- 
tion. The  cost  of  the  works  are  esti- 
mated at  40,000,000  of  francs. 
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It  is  a  well-known  fact  to  all  Bessemer 
steel  manufacturers  using  a  blooming 
mill,  that  ingots  show  large  cracks  in 
the  first  few  passes  of  the  rolls,  which, 
in  the  following  ones,  do  not  always  roll 
up  satisfactorily. 

This  deficiency  in  the  quality  of  the 
product  is  generally  called  "redshort- 
ness,"  though,  in  the  writer's  opinion, 
mostly  unjustly  so.  Different  explana- 
tions for  the  said  peculiarity  are  given 
by  the  leading  authorities,  every  work 
selecting  one  element  as  a  special  scape- 
goat for  the  inferior  quality  of  the  ingot. 
The  sulphur  is  generally  first  charged  as 
being  the  principal  cause  of  all  mischief 
in  this  direction;  then,  after  ascertaining 
that  sulphur  is  not  higher  than  the  aver- 
age, and  sometimes  lower  in  the  very 
worst  heats,  silicon  has  to  bear  its  share 
of  abuse.  How  and  why  silicon  should 
effect  the  working  qualities  of  the  metal, 
the  writer  could  never  precisely  learn, 
but  is  convinced  that  the  doctrine  of  its 
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pernicious  influence  is  an  established  one 
with  many. 

In  cases  where  silicon  failed  to  explain 
everything,  resort  was  taken,  to  calcium, 
aluminum,  and  some  other  known  or  un- 
known elements,  without  settling  the 
difficulty;  and  lastly,  when  the  skill  of 
the  chemist  became  exhausted,  "practi- 
cal men  "  came  to  the  same  conclusion, 
which  many  leading  blast  furnace  man- 
agers had  arrived  at  before,  that  analyt- 
ical chemistry  was  good  for  nothing, 
but  to  disagreeably  hamper  the  flight  of 
their  imagination.  The  trouble  did  not 
rest,  however,  entirely  with  the  chemist, 
but  with  those  who  rather  too  hastily 
jumped  at  conclusions  derived  from  his 
results. 

Before  making  a  few  remarks  on  this 
subject,  I  would  like  to  state  that  I  do 
not  propose  to  discuss  anything  about 
redshortness,  legitimately  so  termed,  but 
about  the  conditions  necessary  to  allow 
the  Bessemer  ingots  to  stand  the  strain 
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of  the  two  first  grooves  in  the  bloom- 
ing mill,  the  absence  of  which  quality 
the  writer  may  term  "want  of  body," 
no  other  appellation  being  known  to 
him. 

Every  steel  manufacturer  knows  that 
steel,  rolling  very  badly  in  blooming, 
may  be  hammered  to  perfection,  and, 
therefore,  the  mechanical  test  cannot  be 
consistently  taken  as  a  criterion  for  its 
rolling  qualities.  Real  redshortness, 
however,  will  show  sooner  or  later  in  the 
material,  no  matter  how  worked.  The 
conditions  favorable  to  prevent  this 
"  want  of  body,"  are  apparently  due  to 
the  right  proportion  of  carbon,  silicon, 
and  phosphorus  to  manganese,  other  con- 
ditions being  equal;  and  the  necessity  of 
keeping  this  proportion  within  the  proper 
limits,  seems  to  increase  with  the  in- 
creased size  of  ingots.  From  many 
analyses  made,  both  of  good  and  bad 
steel,  I  came  to  the  invariable  conclu- 
sion, that  with  steel  having  little  phos- 
phorus, in  order  to  give  certain  satisfac- 

„  .             Mn. 
tion,  the  co-emcient  ~ r-^-  was  larger 

than  0.8  ;  and,  with  such  as  worked 
doubtfully  or  badly,  it  was  smaller  than 
this  fraction,  meaning,  by  the  symbols, 
the  respective  percentages  of  the  ele- 
ments, carbon,  silicon,  and  manganese, 
as  estimated  by  the  analyses  of  the  steel. 

This  assumption  may  seem  arbitrary, 
and  the  too  small  quantity  of  manganese 
in  the  product  might  be  considered  only 
indicative,  that  in  the  reaction  there  was 
not  a  sufficient  surplus  of  manganese 
present  to  furnish  a  momentum  for  the 
more  complete  deoxydation  of  the  Bes- 
semer blow-holes;  but,  on  the  contrary, 
the  writer  claims  that  a  certain  surplus 
of  manganese  must  be  present  as  a  con- 
stitutional element  of  metal  intended 
for  blooming.  This  latter  assertion  may 
easily  be  reconciled  with  the  many  ob- 
servations of  those  who  feared  the  bad 
influence  of  silicon  in  the  quality.  Those 
heats  that  contained  silicon  to  a  consid- 
erable degree,  were  generally  blown 
rather  short,  and  consequently  contained 
not  only  silicon,  but  proportionately 
more  carbon  than  they  should  have  ac- 
cording to  this  co-efficient,  especially  if 
at  the  same  time  the  spiegel  had  lost  an 
unusual  amount  of  manganese  in  melt- 
ing. 


Hot  heats,  that  are  liable  to  be  blown 
too  short,  come  mostly  in  this  category, 
and  this  led  to  the  opinion  that  the 
highly  silicious  irons  were  more  likely  to 
produce  this  want  of  body — a  deficiency 
which  may  be  easily  remedied  by  blow- 
ing sufficiently,  that  is,  removing  both 
silicon  and  carbon  as  much  as  possible, 
before  recarburization.  This  explains 
why  steel  from  hot  heats  almost  invaria- 
bly rolls  badly  when  blown  too  short, 
but  I  have  seen  a' most  excellent  quality 
of  steel  from  heats  excessively  hot. 

A  theory  about  the  beneficial  influence 
of  the  manganese  in  preventing  the 
"  want  of  body  "  may  not  be  necessary, 
as  the  remarks  in  this  paper  are  entirely 
empirical.  But,  I  am  inclined  to  assurne 
that  manganese  combines  with  carbon 
and  silicon  in  certain  proportions  in  lieu 
of  iron,  thereby  changing  the  constitu- 
tion of  the  metal,  although  such  a  state- 
ment may  seem  very  heterodox  in  view 
of  the  preponderant  quantity  of  iron 
present. 

The  second  and  more  important  part 
of  these  considerations,  is  the  influence 
of  phosphorus  on  the  want  of  body.  It 
is  a  well-known  fact,  that  phosphorus 
does  not  increase  the  redshortness  of 
steel  or  wrought  iron,  and  that,  on  the 
the  contrary,  many  metallurgists  claim 
that  the  bad  effects  of  sulphur  are  coun- 
teracted or  modified  by  the  presence  of 
phosphorus.  But  the  writer  is  clearly 
convinced,  that  this  dictum  cannot  be 
applied  to  Bessemer  metal  rolled  in  a 
blooming  mill. 

Some  time  ago,  Bessemer  steel  came 
under  the  writer's  observation,  of  which 
the  analyses  showed  the  following  com- 
position : 

Carbon 0.28  0.29  0.30 

Manganese...  0.907  0.837  6.925 

Phosphorus..  0.524  0.498  0.513 

Sulphur.....  0.088  0.086  0.084 

I  only  give  the  analyses  of  three  heats, 
as  sufficient  to  represent  the  composition 
of  others,  whose  working  qualities  were 
the  same.  This  metal  showed  less  sul- 
phur than  the  average  then  manufac- 
tured; the  quantity  of  manganese  was 
more  than  sufficient  to  neutralize  both 
carbon  and  silicon,  and  still  the  ingots 
crumbled  up  under  the  rolls,  and  most 
of  them  had  to  be  taken  from  the  tables 
in  many  pieces  after  a  few  passes.  Both 
low  and  high  heats  were  tried,  but  either 
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way  it  was  impossible  to  roll  the  ingots 
without  disintegrating  them.  This  steel 
showed  only  a  very  slight  reaction,  if 
any,  in  the  vessel  on  recarburization; 
and  looked,  when  poured  into  the  moulds, 
exactly  like  un-recarburized,  or  rather, 
un-manganized  metal.  The  only  explana- 
tion for  this  strange  behavior,  might  be 
that  the  Spiegel  used  on  this  occasion, 
contained  little  or  no  manganese.  That 
this  was  not  the  case  both  the  analyses 
of  the  spiegel,  containing  about  eleven 
per  cent.,  and  of  the  steel,  subsequently 
showed. 

The  percentage  of  phosphorus  in  this 
instance  was  excessive,  but  afterwards  I 
was  fortunate  enough  to  observe  a  simi- 
lar bad  run  of  steel  with  phosphorus  as 
low  as  0.20  per  cent.  Now  phosphorus 
by  itself  does  not  impart  such  peculiari- 
ties to  iron  as  those  described  above,  and 
the  only  way  to  escape  from  this  dilem- 
ma was  to  take  for  granted  a  large  af- 
finity of  phosphorus  and  manganese  at 
the  temperature  of  the  molten  metal, 
both  combining  to  some  kind  of  phos- 
phide of  manganese  in  the  act  of  recar- 
burization; so  that  manganese  instead 
of  combining  with  the  oxygens  of  the 
bath,  combines  with  the  phosphorus 
present,  partly  or  entirely,  and  so  be- 
comes rather  paralyzed  in  its  proper 
sphere.  The  fact  of  the  manganese  per- 
centage being  unusually  high  rather 
strengthens  this  opinion,  inasmuch  as  the 
manganese,  by  simply  combining  with 
phosphorus,  will  not  show  any  decrease 
of  quantity  otherwise  produced  by  the 
oxydation  of  this  metal.  An  explana- 
tion like  the  one  given  may  be  contrary 
to  the  traditional  notions  concerning  the 
affinity  of  elements,  but  it  must  be 
doubted  whether  the  affinities  have-  been 
much  studied  in  temperatures  and  under 
conditions  such  as  those  we  are  con- 
cerned in  at  present.  Is  it  not  just  as 
unlikely  that  gas  bubbles  should  be  re- 
tained in  a  molten  metal  where  such  a 
high  temperature  ought  to  give  them  a 
somewhat  considerable  expansion  ?  And 
still  they  stick  to  the  great  discomfiture 
of  Bessemer  men.  It  seems  to  be  much 
less  of  an  improbability  that  manganese 
should  combine  with  phosphorus  in  pref- 
erence to  oxygen,  which  fact,  if  it  be 
one,  may  become  just  as  disagreeable  to 
the  manufacturer. 

I  purposely  refrain  from  giving  any 


formulae  of  polycarburets  and  polyphos- 
phides,  which,  hypothetical  as  they  al- 
ways must  be,  would  have  to  be  made 
probable  by  synthetic  experiments  out- 
side of  the  compass  of  this  paper. 
Smaller  quantities  of  phosphorus  of 
course  could  not  paralyze  the  deoxydiz- 
ing  influence  of  manganese,  but  will  do 
so  to  a  certain  degree  as  observed  by 
me. 

In  order  to  overcome  the  bad  influence 
of  phosphorus  in  the  rolling  of  Besse- 
mer ingots,  I  would  suggest  that  the 
percentage  of  manganese  in  the  steel 
should  be  four  times  as  large  as  that  of 
phosphorus,  in  addition  to  the  manga- 
nese quantity  required  for  the  neutraliz- 
ation of  carbon  and  silicon,  according  to 
the  co-efficient  given  above.  The  pro- 
portions given  by  me  may  need  modifi- 
cation, but  they  certainly  do  not  yield  a 
larger  percentage  of  manganese  than  re- 
quired, if  the  manufacturer  desires  to  be 
safe.  This  would  not  exclude  the  possi- 
bility that  some  steel  with  smaller  per- 
centages of  manganese  may  roll  tolera- 
bly well.  I  need  hardly  say  that  steel 
made  from  manganiferous  irons  by  blow- 
ing short  and  without  recarburization 
does  not  come  under  these  considera- 
tions. 

As  an  illustration  of  my  theory  I  must 
add  a  few  remarks  about  the  irregular 
working  of  different  heats  made  from 
the  same  irons  and  blown  with  the  same 
care.  It  must  have  puzzled  every  manu- 
facturer to  find  that  a  very  bad  blow  is 
sometimes  made  between  two  excellent 
ones.  This  led  the  writer  first  to  the 
opinion  that  not  the  absolute  quantities 
of  one  or  more  elements  in  the  iron,  but 
rather  some  relative  proportions  of  ele- 
ments, changeable  in  conversion,  influ- 
ence the  working  of  the  metal. 

There  are  two  kinds  of  bad  heats 
which  prominently  present  themselves  in 
this  connection.  In  the  first  place  the 
bad  rolling  heat  does  not  show  any  ab- 
normal carbon  percentage,  it  being  the 
average,  and  still  the  ingots  break  badly 
at  the  rolls.  In  that  case  the  manganese 
percentage  is  low,  which  is  easily  ac- 
counted for  by  an  excessive  loss  of  man- 
ganese in  melting  the  spiegel. 

The  second  kind  shows  a  percentage 
of  carbon  much  lower  than  the  average, 
which  is  explained  by  the  fact  that  the 
heat  in  question  did  not  get  the  requisite 
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amount  of  spiegel  by  carelessness  or 
otherwise.  Now  as  the  carbon  in  this 
case  varies  with  the  manganese  percent- 
age, the  latter  must  be  high  enough  to 
neutralize  the  carbon,  but  in  most  cases 
it  is  not  high  enough  to  counteract  phos- 
phorus. The  steel,  with  some  mixtures, 
will  roll  to  perfection  with  low  carbons. 
What  mixtures  will  do  it  ?  Those  low 
in  phosphorus. 

The  moral  from  this  is  easily  drawn. 
If  you  cannot  reduce  your  phosphorus, 
take  care  to  keep  your  manganese  as 
high  as  possible. 

Before  attempting  to  utilize,  for  Bes- 
semer works,  irons  with  a  higher  per- 
centage of  phosphorus  than  has  hitherto 
been  allowed,  it  would  be  well  to  in- 
vestigate whether  the  quantity  of  man- 
ganese necessary  to  insure  the  good  roll- 
ing of  the  ingot  does  not  impart  too 
much  brittleness  to  the  product  when 
cold;  and,  according  to  results  obtained, 
the  manganese  must  be  kept  to  the  re- 
quired limits. 

The  statement  of  the  Terre-Noire 
authorities,  that  one  part  of  phosphorus 
imparts  to  the  metal  a  hardness  equal  to 
two  parts  of  carbon,  .seems  to  be  rather 
preposterous.  According  to  this  state- 
ment, some  iron  rails  would  compare 
very  favorably  with   those   of   steel  in 


wear,  and  still  they  show  more  wear,  ex- 
cluding lamination. 

Phosphorus  cannot  be  substituted  for 
carbon,  but  the  manganese  combines 
phosphorus  and  renders  the  metal  hard 
and  stiff,  just  as  carbon  would  do.  This 
is  the  reason  why  phosphorus  steel  with 
little  carbon  is  hard,  but  it  would  be 
simply  cold  short  with  an  insufficient 
quantity  of  manganese.  In  the  first 
place  the  metal  is  a  phosphor-manganese 
steel;  in  the  second,  a  carbon-manganese 
steel,  with  phosphorus.  Open  hearth 
manufacturers  have  better  opportunities 
to  obtain  a  varying  quantity  of  elements 
in  their  product  than  Bessemer  people, 
who  are  somewhat  hampered  by  being 
forced  to  introduce  too  large  quantities 
of  manganese,  in  order  to  give  body  to 
their  ingot  for  reasons  sufficiently  ex- 
plained ;  and  therefore,  from  them  we 
have  to  expect  important  developments 
in  iron  metallurgy. 

In  order  not  to  get  confused  on  the 
terms  hardness,  brittleness,  coldshort- 
ness,  etc.,  which  are  used  promiscuously 
by  many  theorists,  according  to  their 
several .  predilections,  I  will  now  con- 
clude this  paper,  and  leave  it  to  the 
United  States  Test  Commission  to  in- 
vestigate how  the  varying  relative  pro- 
portion of  elements  influences  the  strength 
of  the  material. 


HEALTHY  HABITATIONS. 

By  Mb.  W.  EASSIE,  C.  E. 
From  "  The  Builder." 


We  are  told  upon  the  best  authority 
that  there  occurs  annually  in  this  country 
upwards  of  4i  millions  of  cases  of  pre- 
ventive sickness,  and  that  125,000  per- 
sons are  prematurely  cut  off  every  year 
from"  a  neglect  of  sanitary  precautions. 
We  are  accustomed  to  consider  that  the 
house  is  to  blame  for  this  desperate  state 
of  things,  and  the  case  is  certainly  a 
strong  one.  We  dress  in  the  morning, 
and  unsuspectingly  don  linen  washed, 
dried,  and  ironed  in  the  home  of  a  laun- 
dress, the  inmates  of  whose  non-disin- 
fected household  have  been  stricken 
down   with   fever.     Or  the   contagious 


matter  may  have  been  imported  in  the 
woolen  interstices  of  a  coat  shapen  and 
sewn  by  an  out-working  tailor  whose 
seat -board  was  within  the  length  of  a 
rose-tree  from  some  one  whom  fever  is 
fast  hailing  to  the  silent  land.  We  then 
breakfast,  and  if  we  escape  enteric  poison 
in  the  milk- jug  it  is  entirely  owing  to 
the  cleanly  surroundings  of  the  farm  or 
dairy.  The  meal  over,  the  post  may 
bring  us  some  infection  in  a  newspaper, 
not  one  newly  radiant  from  the  press, 
but  fresh  from  a  friend  whose  house  is 
under  a  fever-cloud,  as  was  the  case  the 
other  day,  when  the  virus  of  scarlatina 
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was  conveyed  from  far  Inverness  to  Ex- 
mouth.  The  Nemesis  of  uncleanness 
follows  the  innocent  traveler,  too,  for 
"mine  hostess  of  the  inn"  has  perhaps 
permitted  him  to  sleep  in  a  bed  last  oc- 
cupied by  one  who  had  just  sickened  or 
who  had  insufficiently  recovered  from 
some  ailment.  Even  if  the  bed  be  without 
reproach,  his  slumber  may  not  have  given 
him  corresponding  relaxation,  and 
draughts  from  the  window  or  chimney 
may  have  induced  a  violent  cold  just 
when  the  greatest  radiation  from  his 
skin  prevailed,  and  he  was  powerless  to 
avert  it.  Or  the  faint  night  breeze  may 
be  loaded  with  the  invisible  horrors  of 
sewer-gas,  which  we  all  know  very  well 
is  not  an  imaginary  case. 

Alas  for  the  very  poor,  whom  we  shall 
have  always  with  us,  how  do  they  suffer 
from  domiciliary  uncleanness !  They 
risk  the  eating  of  cheap,  unfit  food,  and 
the  drinking  of  putrid  water,  we  know; 
but  they  may  also  sleep  upon  beds  made 
up  of  shredded  rags  which  the  dealers 
have  collected  from  the  marine  stores 
and  town  dust-yards,  innocent  of  cleans- 
ing or  disinfection.  Their  wearing  ma- 
terial is  sometimes  also  just  the  shoddy 
made  up  of  woolen  rag  flocks,  from  no 
one  knows  where,  or  they  may  have 
been  purchased  in  the  clothes-exchange 
of  some  rag-fair,  and  stored  with  germs 
only  lacking  an  opportunity  for  mischief. 
A  late  outbreak  of  scarlatina  in  Hereford 
was  traced  to  an  old-clothes  shop  of  this 
description.  The  furniture,  also,  of  the 
poor  classes  is  as  likely  as  not  purchased 
at  an  auction,  the  sale  of  which,  fresh 
from  an  infected  house,  was  not  arrested 
by  the  health  officer,  as  was  a  late  sale 
at  Sydenham.  Nor  do  the  poor  suffer 
alone;  they  perforce  communicate  it  to 
those  around  them.  During  the  present 
year  at  Chippenham,  the  pew-cleaner 
bore  infection  into  a  family  pew.  The 
saddest  case  I  know  of  occurred  also  this 
year  at  Leeds,  where  typhus  was  carried 
with  some  infected  articles  into  a  pawn- 
broker's house,  and  with  fatal  results. 
Sanitarians  must  aim  at  improving  the 
dwellings  of  the  poor  first  of  all,  and  the 
hands  of  the  health  inspectors  ought  to 
be  strengthened,  so  that  they  may  not 
only  seek  out,  but  promptly  remove  the 
engendering  evils.  As  fast  as  a  croco- 
dile's egg  is  discovered  an  ichneumon 
should  be  let  loose  upon  it.     The  medi- 


cal officer  of  health  and  his  inspectors 
are  here  the  masters  of  the  situation,  or 
rather  should  be,  not  the  magistrate  and 
his  Admirables  of  the  Blue.  Perhaps, 
however,  some  day  the  police  will  get 
tired  of  so  much  hunting  up  of  cases  for 
the  Board  school,  and  will  supjDlement  a 
fair  share  of  that  by  furnishing  a  list  of 
sanitary  delinquencies  to  the  proper  au- 
thorities. 

The  first  chief  consideration  when 
about  to  erect  a  house  is  that  of  procur- 
ing a  suitable  site.-  In  cities  we  have 
little  choice  except  that  of  avoiding  the 
neighborhood  of  rank  nuisances,  such  as 
slaughter-houses  or  gas-works.  But  it 
would,  perhaps,  be  better  to  have  built 
there  the  town  residence  rather  than  up- 
on the  more  aristocratic  site,  since  the 
foundations  would  have,  it  may  be,  to  be 
built  in  trenches  dug  out  of  soft  core. 
The  laboring  man  suffers  exactly  in  the 
same  way,  with  this  enhancement  of 
evil,  that  in  his  case  the  house  may  be 
built  up  for  the  most  part  of  old  materi- 
als sold  with  the  site,  bricks  sodden  with 
the  impurities  of  a  century,  and  put  to- 
gether with  mortar  manufactured  out  of 
filth-saturated  plaster.  If  the  history  of 
the  129,000  houses  which  have  been 
erected  during  the  last  ten  years  in  Lon- 
don were  accurately  known,  some  des- 
perate revelations  might  be  expected, 
and  a  great  deal  of  metropolitan  sick- 
ness accounted  for.  We  ought,  as  has 
been  said,  to  have  a  due  knowledge  of 
the  amount  of  population  in  each  street 
of  every  city  within  the  land,  and  thus 
be  able  to  detect  unhealthy  areas  by 
separating  the  cases  of  zymotic 
diseases  from  other  seizures.  By  this 
means  the  cause  of  filth  diseases 
might  be  rooted  out.  The  late  Dr.  Ross 
pointed  out  a  street  in  St.  Giles's  dis- 
trict, London,  in  which  there  was  in  the 
course  of  each  year  a  death  in  every  house. 
In  the  neighborhood  of  a  square  in  the 
same  district  the  mortality  was  only  one 
iu  forty-one  houses.  Not  density,  and 
not  overcrowding,  however,  caused  the 
fatality  in  the  street  named,  but  defects 
of  construction  and  arrangement  in  the 
houses,  and,  above  all,  dirt  inconceiv-  " 
able. 

I  have  heard  it  repeatedly  remarked 
that  the  mansions  of  the  good  old  times 
were  invariably  built  upon  exceptionally 
good   spots,  *  and  with   which   no   fault 
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could  be  found.  This  may  be  true  of 
most  abbeys  and  priories,  the  sites  of 
which  were  chosen  by  conclaves  of  wise 
men,  but  is  not  true  if  predicted  of  many 
old  mansions  ;  since  I  have  frequently 
seen  these,  though  commanding  the 
finest  views,  abandoned  to  the  owl,  and 
new  residences  built  at  some  distance, 
because  of  the  healthiness  of  the  fresh 
site.  If  our  forefathers  erred,  however, 
occasionally,  we  err  very  frequently  in- 
deed. I  could  point  out  houses,  clwelt 
in  by  partricians  of  our  own  land,  the 
subsoil  of  which  is  continually^— in  flood- 
time  or  dry  harvest — charged  with  the 
water  of  adjacent  streams  or  lakes,  the 
water  having  actually  to  be  pumped  out 
of  the  cellars  at  stated  times.  Many 
modern  mansions  have  I  met  too,  which, 
had  been  erected  as  if  in  the  bottom  of 
a  saucer  of  water-bearing  rocks,  and 
which  are  never  dry. 

When  houses  are  built  upon  alluvial 
soil  and  the  subsoil  water  lies  close  to 
the  surface,  the  advent  of  malarious  dis- 
eases may  be  regarded  as  a  certainty. 
Paroxysmal  fevers  have  also  been  traced 
to  the  digging  up  of  the  wide  'gravel 
walks  in  the  gardens  of  houses  unpro- 
vided with  a  subsoil  drainage.  A  great 
deal  has  lately  been  said  of  the  fevers 
due  to  the  disturbance  of  the  soil  in 
Rome,  and  many  experiments  upon  the 
ground-air  have  been  made  at  home  and 
upon  the  Continent.  It  is  necessary  that 
such  experiments  be  made,  for  a  medical 
man  has  lately  related  how,  in  Carlisle, 
he  suffered  for  nine  weeks  from  a  fever 
due  to  the  disturbance  of  the  soil  in  the 
neighborhood  for  the  purpose  of  leveling 
a  building  site  and  constructing  a  new 
road  on  the  estate.  The  prevailing 
winds  must  also  be  taken  into  account, 
for  where  the  house  has  been  erected  re- 
gardless of  proximous  fens  or  marshes, 
and  there  are  many  even  in  crowded 
England,  the  malarial  factors  are  many 
and  intense.  And,  apart  from  all  this, 
houses  are  sometimes  rendered  unbeara- 
ble through  standing  open-mouthed  in 
the  way  of  winds  blown  from  dry  sew- 
age outfalls  and  supersaturated  lands. 
I  know  a  nobleman's  house  one  wing 
of  which  is  made  most  uncomfortable 
during  certain  winds  by  chemical  works 
fully  three  miles  distant.  To  a  very 
serious  degree,  indeed,  do  dwellers  in 
manufacturing   cities    and  towns  suffer 


when  the  noisome  works  are  crowded  in 
amongst  the  dwellings.  These  manu- 
facturing vapors,  during  northerly  and 
easterly  winds  especially,  increase  the 
local  death-rates  enormously.  In  Glas- 
gow, when  such  vapors  are  condensed  in 
fogs,  the  poorer  districts,  well  opened  to 
their  influence,  have  suffered  a  mortality 
of  over  sixty-five  per  1,000,  as  against 
nineteen  to  thirty-six  per  1,000  in  the 
better  parts  of  the  city  at  the  same  time. 
If  there  stands  a  sufficient  reason  for  the 
weeding  out  of  too  closely  congregated 
public-houses  on  the  score  of  morality,  a 
much  greater  necessity  obtains  for  the 
better  isolation  of  these  unhealthy  facto- 
ries. And  just  as  intramural  burying- 
grounds  have  been  banished  to  the  sub- 
urbs, so  should  these  atmosphere-poison- 
ing laboratories  be  gradually  moved  on 
to  the  outlying  districts,  even  should  a 
workman's  railway  follow  each  of  them. 

It  is  customary  with  us  to  condemn 
the  erection  of  a  residence  upon  clayed 
soils,  and  to  praise  gravelly  ones,  but 
the  choice  is  not  always  a  happy  one. 
True,  drift  gravels  may  be  free  from 
sinister  imputations,  and  so  may  deep 
permeable  gravels  and  deep  sandy  soils, 
such  as  our  Bagshots ;  for  there  the 
chance  is  that  the  many  escapying 
wastes  from  our  dwellings  may  filter 
harmlessly  away.  But  shallow  gravels, 
and  gravels  of  mere  river  origin,  if  these 
rest  upon  non-absorbent  rocks,  are  to  be 
suspected,  inasmuch  as  the  wastes  which 
sink  through  them  would  anon  reach  the 
surface  again.  There  is  no  natural  sur- 
face-drainage possible  in  such  cases,  and 
the  adjective  well-poisoning  is  also  here 
well  applied.  Now,  upon  a  clay  soil — 
and  cholera  flies  a  clay  soil — it  has  been 
remarked,  all  this  evil  can  be  avoided; 
the  foundations  can  be  built  upon  con- 
crete, and  even  the  whole  basement, 
whilst  the  wastes  can  be  drawn  without 
fear  of  soakages.  As  a  rule,  all  house 
sites  should  be  drained  just  as  fields 
are  drained,  and  below  even  the  concret- 
ing. 

The  greatest  care  should  therefore  be 
exercised  in  making  a  proper  choice  of  a 
site.  If  the  district  be  very  damp  and 
marshy,  the  influence  of  miasmas  cannot, 
I  think  be  averted  by  any  amount  of 
gum-tree  or  sunflower  planting,  how- 
ever much  moisture  these  may  dispose 
of,    and    Dutch  experiments    on   clean- 
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water  ditches  to  the  contrary  notwith- 
standing. They  cannot  be  reckoned  to 
counteract  the  evils  of  a  subsoil  continu- 
ously fed  with  impure  liquids.  It  has 
been  said  that  it  is  in  the  power  of  flori- 
culture to  conquer  a  whole  district  from 
deadly  malaria  by  covering  it  with  aro- 
matic vegetation,  and  the  inspired  writer 
may  have  had  this  in  his  mind  when  he 
spoke  of  the  desert  blossoming  as  a  rose; 
but  powerful  as  is  the  peculiarity  of  cer- 
tain flowering  plants  to  produce  ozone, 
on  exposure  to  the  sun's  rays,  they  could 
have  but  little  effect  upon  the  surround- 
ings of  a  house  which  can  only  be  drain- 
ed in  the  subsoil  upon  which  it  immedi- 
ately rests. 

A  word  or  two  as  to  the  prospect  and 
aspect  of  a  house,  and  the  necessity  of 
this  has  been  carefully  elaborated  by 
Professor  Kerr.  The  prospect  may  be 
chosen  with  the  view  to  making  the 
most  of  the  scenery.  As  regards  aspect, 
the  north  is  best  allotted  to  the  dining- 
room,  as  the  twilight  lasts  longest  there, 
ajid  the  staircases  are  also  best  when  ar- 
ranged upon  this  side  of  the  house,  be- 
ing always  cool.  For  the  larder  and 
dairy  this  aspect  is  unexceptionally  good. 
The  bedrooms  will  be  found  most  com- 
fortable' when  facing  the  north-east,  as 
they  get  a  pleasant  morning  sun,  and  are 
correspondingly  cool  at  night.  The  east  is 
suitable  for  the  breakfast-room,  morning, 
and  library,  but  not  for  the  drawing- 
room,  because  of  the  east  winds  and  lack 
of  afternoon  sunshine.  In  the  south-east 
may  be  placed  the  reception  and  best 
rooms,  and  for  a  sick  room  this  aspect 
is  not  to  be  surpassed  for  fitness.  The 
south  is  unsuited  for  the  dining-room 
windows,  except  there  be  a  good  veran- 
dah; and  as  for  the  south- west,  it  is  the 
worse  aspect  of  all,  and  unpleasantly  hot 
for  bed-rooms.  Neither  is  the  west  to 
be  purposely  chosen  for  bedrooms,  or 
even  for  a  dining-room;  it  is  suitable, 
however,  for  the  smoking-room  and  for 
one  side  of  the  conservatory.  The  north- 
west is  suitable  for  an  evening-room  if 
fitted  with  good  blinds.  To  conclude, 
the  east  aspect  is  dry,  but  sometimes 
subject  to  bitter  winds,  which  planting 
may  obviate.  The  south-east  is  also  dry 
and  the  winds  mild,  whilst  the  south  is 
eminently  .  sultry.  The  worst  aspects 
are  the  south-west,  with  its  frequent 
rains    and   boisterous   winds;  the   west, 


with  its  rain  and  undue  warmth;  and  the 
north,  with  its  prevailing  coldness. 

It  may  be  said  that  this  care  as  to  the 
aspect  is  mere  sumptuousness,  but  not 
so.  Even  in  the  case  of  a  laborer's  cot- 
tage in  the  country,  when  there  was  the 
whole  welkin  to  choose  from,  how  often 
do  we  see  a  senseless  choice  made, — 
just  as  we  see  a  senseless  choice  made 
with  villas  when  aspect  has  been  ruth- 
lessly sacrificed  for  prospect's  sake.  The 
bed-rooms  of  the  farm  laborer's  family 
may  lookout  on  the  north  or  south-west, 
the  kitchen  faces  the  west,  the  dairy  the 
south,  and  the  privy,  dust-midden,  and 
piggery  dung-pit  are  all  clustered  to- 
gether where  the  sunbeams  most  do  con- 
gregate, instead  of  the  north.  I  have 
no  practical  remark  to  make  upon  this 
part  of  my  theme,  except  to  lament  that 
intending  investors  do  not  oftener  have 
recourse  to  models  before  they  trans- 
mute their  money  into  bricks  and  mor- 
tar. This  precaution  would  cost  little 
more  than  one  per  cent,  on  the  outlay, 
and  would  save  much  heartburning.  It 
is  only  what  every  good  engineer  does 
before  he  builds  a  bridge  or  constructs 
the  simplest  piece  of  machinery. 

But  to  approach  the  house  closer, 
ceasing,  however,  the  alternate  harpings 
upon  rich  and  poor  residences,  and  choos- 
ing a  building  of  moderate  pretensions 
as  a  representative  erection.  As  we 
near  it  we  diagnose  immediately  and 
safely  as  to  its  healthy  condition.  If  a 
damp  one,  it  carries  intemperance  upon 
its  face  ;  its  walls  are  dun-colored  in 
patches,  due  to  dampness  in  the  walls, 
a  dampness  which  can  be  traced  up  out- 
side at  times  to  the  first  floor.  The  wet 
yards  speak  gushingly  of  water  hidden 
below  the  pavement,  and  which  cannot 
run  its  allotted  course  to  the  nearest 
brook.  Once  inside,  we  notice  the  damp 
basement  floors  which  not  the  coal-wast- 
ing kitchen  fire  can  recover  to  normal 
dryness  ;  and  in  the  more  neglected 
rooms  of  the  same  floor  it  would  seem  as 
if  they  were  intended  for  the  production 
of  newts  and  frogs.  This  is  no  over- 
charged picture,  and  is  as  bad  many 
times  when  there  is  no  cellar  accommoda- 
tion. The  ensteepment  of  the  house  is 
moreover  traceable  elsewhere  than  in  the 
ground- floor,  in  the  cupboards  of  which, 
by  the  way,  mouldiness  grows  upon  the 
boots  almost  in  a  night's  time;  for  in  the 
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library  upstairs  a  mildew  prevails,  mak- 
ing limpid  the  rare  leather  bindings  ; 
and  the  sense  of  mustiness  is  ever  pres- 
ent, even  in  the  bedrooms.  It  is  as  if  a 
premium  had  been  held  out  to  shiver- 
ings,  rheums,  and  agues.  Only  last 
week  I  visited  an  ancestral  hall  in  Lin- 
colnshire, and  found  out  just  such  a  state 
of  things  in  a  new  wing  which  had  been 
built  about  a  year.  The  painters  of  a 
noted  West-end  firm  were  busy  coating 
the  walls  with  oil  paint,  and  nearly  as 
fast  as  the  coats  were  put  on  the  water 
rose  upon  the  walls  and  bulged  out  the 
paint  into  blisters,  resembling  those 
generated  by  a  severe  burn,  and  need- 
ing, in  similar  fashion,  only  the  prick  of 
a  knife  to  liberate  the  water. 

The  state  of  things  in  this  mansion 
was  simply  due  to  building  the  founda- 
tions without  concrete  underneath,  and 
without  any  damp-course  to  intercept 
the  rising  wet.  Had  the  site  been  drain- 
ed, even,  it  would  have  been  less  of  a 
blunder.  Dampness  in  houses  is  often 
traceable  to  having  laid  the  stone,  tile, 
or  brick  paving  upon  the  damp  earth, 
one  consequence  of  which  may  be  that 
the  floor  will  perhaps  be  lifted  up  out  of 
its  place  by  underside  growths.  Under 
every  circumstance  a  bed  of  concrete 
should  sublie  all  paving.  Another  cause 
of  humidity  in  the  house  is  due  to  the 
banking  up  of  damp  earth  against  the 
walls,  and  the  non-provision  of  an  area 
wall.  The  latter,  like  virtue,  is  indis- 
pensable, and  the  contractor  who  pro- 
vides it  when  the  designer  of  the  house 
has  omitted  to  specify  it  is  worthy  of 
the  Order  of  the  Pope's  Silver  Rose,  if 
he  has  more  than  the  "  Golden  "  one.  I 
would  say  to  the  builder — Put  it  in,  even 
should  you  never  get  paid  for  it;  for, 
depend  upon  it,  if  you  do  not,  the  resi- 
dence will  always  be  cited  against  you 
as  a  badly  built  one,  and  your  balance 
due  will  be  escheated,  which  may  cause 
you  a  sweating  sickness  in  the  bank 
parlor.  I  may  also  here  add,  that 
the  moistness  due  to  the  non-placement 
of  a  damp-proof  course  can  alone  be 
remedied  by  cutting  out  the  wall  and 
inserting  one  above  ground-level  line. 
No  damp-proof  paints  can  long  withstand 
the  enemy  behind,  which,  when  it  ceases 
its  legitimate  march  through  the  wall, 
only  begins  to  crumble  away  at  the  wall 
material  behind.    True,  it  can  be  hidden 


from  the  eye  by  boarded  linings,  but 
truce  is  only  for  a  time. 

I  have  often  been  called  to  a  residence 
where  a  dank  and  unpleasant  smell  was 
prevalent,  and  traced  it  to  nothing  but 
rot.  I  do  not  allude  to  the  wet  rot 
which  seizes  wood  alternately  wet  and 
dry,  as  between  wind  and  weather  of  a 
fence-post,  but  the  dry  rot  which  is  due 
to  the  placing  of  unseasoned  wood,  or, 
indeed,  any  wood  in  close  contiguity  to 
the  surface  mould  and  the  gases  evolved 
in  its  decay,  and  .  in  situations  where 
there  are  no  ventilating  air-bricks,  and 
consequently  no  change  of  air.  Floor 
joists  which  have  been  long  surrounded 
by  dead  air  will  weigh  light  as  a  feather 
when  taken  up,  all  due  to  fungus 
growths  and  the  like.  The  worst  of  it, 
too,  is,  that  by  a  catalytic  action  the 
decaying  wood  infects  the  sound,  and 
the  mischief  never  ceases  until  that 
whole  level  of  floors  is  destroyed.  If, 
on  inspection,  the  attack  has  been  found 
a  moderate  one,  and  the  space  between 
the  joists  and  the  ground  sufficient,  the 
infected  places  may  be  cut  out  and  the 
space  ventilated.  A  pipe  may  also  be 
laid  underneath  the  fire-grate  for  a  time, 
to  insure  thorough  drying.  But  if  the 
joists  rest  on  the  bare  ground,  the  only 
remedy  is  to  take  them  up,  dig  out  the 
earth,  laying  down  some  concrete  if 
necessary,  and  refix  fresh  and  seasoned 
timbers.  I  would  not  depend  even  upon 
sulphate  of  copper  or  chlorine.  Many 
architects  specify  the  joists  to  be  treated 
with  various  solutions,  under  pressure  or 
otherwise ;  but  it  is  really  not  necessary  if 
good  ventilation  amid  joists  be  provided. 
With  greater  reason  should  we  seek  to 
preserve  our  wood-carvings  from  the 
ravages  of  those  three  species  of  beetles 
which  require  plenty  of  light  and  open 
air,  and  would  seem  to  look  upon  a 
rich  chasing  as  does  a  gourmand  up- 
on a  sumptuous  repast.  One  wonders, 
nevertheless,  how  our  fathers  escaped 
these  pests,  and  why  we  do  not  find  the 
powdering  rot  or  the  shell-lined  burrows 
in  the  time-honored  timbers  of  our  many 
abbeys.  I  carefully  examined  an  Egyp- 
tian coffin  the  other  day  at  Dresden,  and 
it  showed  decay  of  no  kind.  My  own 
impression  is  that  we  build  far  too  quick- 
ly, and  out  of  undesiccated  materials. 

Pass  we  to  the  walls  of  the  house. 
Bad  walls  may   be  constructed  of  too- 
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porous  materials,  which  will  allow  the 
beating  wet  to  pass  through  them.  Here 
the  advantage  of  hollow  walls  is  mani- 
fest, down  the  interior  space  of  which 
the  moisture  may  trickle  and  be  carried 
away.  It  has  been  suggested  that  walls 
should  be  built  of  impermeable  materials, 
to  prevent  the  intrusion  of  water;  and 
at  one  ironworks  alone  in  this  country 
some  120,000  bricks  formed  out  of  blast 
furnace  slag,  are  turned  out  weekly. 
But  in  a  house  built  in  Bavaria  with  this 
very  material,  it  was  found  that,  al- 
though dry  at  first,  it  proved  unbearably 
{lamp  in  the  end;  the  reason  being  that 
the. vapors  given  off  in  cooking,  washing, 
and  breathing  simply  condensed  upon 
the  inner  surface  and  remained  there. 
The  truth  is  a  wall  must  breathe;  and 
even  with  the  doors,  windows,  and  regis- 
ters shut,  a  sensible  supply  of  air  should 
pass  in  and  out  of  the  room  through  the 
wall  substance.  This  is  supplying  fresh 
air  without  draught,  and  as  was  intend- 
ed by  Nature.  For  this  reason  also  it  is 
wrong  to  paint  the  walls  either  inside  or 
outside,  to  cover  them  with  varnished 
papers,  or,  in  fact,  to  do  aught  but  dis- 
temper them  with  water-color  which 
cannot  close  up  the  pores.  For  so  sure- 
ly as  we  do  prove  treasonable  to  Nature 
in  this  matter,  so  certainly  shall  we  suffer. 
In  halls  and  in  corridors  where  ventila- 
tion is  constant,  and  where  one  merely 
passes  and  repasses,  we  may  indulge  to 
the  long  length  of  our  purses  in  mar- 
bles, casings,  tiled  dados,  and  oil-painted 
spaces  ;  but  in  our  living-rooms  and 
dormitories  let  us  beware  of  such  innova- 
tions. 

The  walls  of  a  room,  may,  however,  be 
properly  enough  built  and  yet  act  pre- 
judicially, owing  to  the  papering  bestow- 
ed upon  them.  I  need  say  nothing, 
however,  of  the  arsenical  papers  and  the 
poisonous  flock  papers,  for  householders 
are  now  mainly  alert  to  the  mischief 
which  they  work,  and  are  even  demand- 
ing that  Government  paternal  should 
forbid  their  importation  or  manufacture 
amongst  us.  That  arsenic  is  sometimes 
poisonous,  even  when  present  upon 
smooth  substances,  was  proved  the  other 
day  at  Bonn,  where  a  professor  and  two 
students  were  seized  with*  violent  head- 
aches, and  where  the  mischief  was 
traced  to  the  green  shade  over  the  lamp, 
which  was  colored  by  the  poison,  and 


which  the  heat  of  the  lamp  had  set  free. 
In  like  manner  the  dust  falling  from  the 
poisonous  wall-papers  is  dangerous  when 
breathed  by  the  inmates  of  a  room. 
Such  dust  is  even  conveyed  to  other 
rooms  by  our  senseless  habit  .of  dusting 
with  dry  cloths  upon  the  floor.  Nor 
does  the  evil  of  paper-hanging  end  here; 
for  coat  upon  coat  of  paper  and  paste, 
size  and  paper,  may  sometimes  be  found 
on  the  walls  of  a  house  just  got  up  for 
an  incoming  tenant.  I  have  seen  seven 
different  paperings,  embodying  apparent- 
ly every  taste  under  the  sun,  taken  from 
the  walls  of  a  single  room,  and  the  dif- 
ference to  the  occupant  afterwards  was 
something  wonderful. 

Ventilation  and  heating  I  treat  as 
kindred  subjects,  and  as  dependent  upon 
each  other  as  are  the  boiler  and  firebox 
of  the  engine  upon  the  coal  and  water 
of  the  tender.  I  have  examined  in  many 
countries  some  hundreds  of  patents,  and 
seen  generally,  I  believe,  all  that  has 
been  most  lauded  in  the  way  of  ventilat- 
ing houses,  and  I  have  found  that  the 
best  systems  have  always  been  the  sim- 
plest. First  of  all,  decide  whether  you 
will  adopt  the  common  firegrate  or  the 
ventilating  fireplace.  If  you  adopt  the 
ordinary  firegrate  in  the  living-rooms, — 
and  choose  you  the  old  Rumtord  pattern, 
— supply  it  with  air  from  without,  and 
it  will  then  cease  to  draw  cold  air  from 
the  passages  and  chill  your  feet  as  you 
sit  by  the  fire.  Then  provide  an  inlet  of 
cold  air,  broken  up  by  passing  it  through 
a  grating,  such  inlet  to  be  from  the  floor 
line  as  high  as  one  can  conveniently 
reach.  As  for  the  outlet,  if  you  have  a 
separate  foul  air-flue  running  up  along- 
side of  the  chimney-flue,  insert  an  Ar- 
nott's  or  a  Boyle's  mica-valved  ventila- 
tor into  that  just  below  the  cornice;  and 
if  you  have  no  separate  shaft,  then  insert 
the  ventilator  into  the  smoke-flue.  I 
would  further  recommend  a  shallow  ven- 
tilator over  the  head  of  each  door,  the 
whole  width  of  the  door,  and  with  the 
means  of  closing  it  in  winter.  ■  In  sum- 
mer, when  all  these  are  open,  the  effect 
is  congratulatory.  But  be  sure  that  the 
kitchen  is  well  shut  off,  or  well  ventilated 
of  itself,  with  separate  inlets  and  a 
strongly  withdrawing  foul  air-shaft. 

In  the  case  of  bedrooms,  where  com- 
mon grates  are  to  be  used,  I  would  equip 
the   doors   with    the    same    ventilating 


442 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


panel  overhead.  But  I  would  further- 
more raise  the  lower  sash  of  the  window 
three  inches,  filling  up  the  gap  below  by 
a  piece  of  wood  stretched  across  the 
opening.  Provide,  also,  the  means  of 
lowering  the  top  sash.  The  lower  sash 
being  lifted  up,  a  never-ceasing  air-cur- 
rent from  outside  is  directed  between 
the  meeting  bars  and  driven  upwards  to- 
wards the  ceiling,  being,  moreover,  sen- 
sibly warmed  in  its  passage.  The  out- 
lets will  be  found  at  the  registers  of  the 
grates  or  at  the  valves  in  the  chimney- 
breasts.  Mr.  E.  Rawlinson,  who  kindly 
showed  me,  at  his  own  residence,  win- 
dows fitted  up  upon  this  system,  has  ex- 
pressed himself  to  the  effect  that  this 
plan  of  Dr.  Bird's  is  the  best  possible  ar- 
rangement. The  living  and  bed  rooms 
thus  ventilated,  there  remains  the  stair- 
case, which  should  be  provided  with  an 
outlet.  Mr.  Rawlinson  lifts  up  the  flat 
ceiling-light  a  little;  and  where  there  is 
none  I  would  make  an  opening  into  the 
outer  air  at  the  highest  point,  with  a 
protection-box  to  prevent  an  inward  cur- 
rent. 

If  the  owner  make  choice  of  ventila- 
ting grates  behind  or  around  which  a 
chamber  is  formed,  in  which  air  from 
without  is  warmed  and  allowed  to  enter 
the  room  at  about  mantel-piece  level, 
and  if  the  architect  has  built  separate 
foul-air  flues  alongside  the  smoke-flues, 
I  would  still  provide  the  valvular  venti- 
lators in  the  chimney-breast,  because  I 
have  seen  them  act  beneficially.  But  if 
no  such  separate  flues  exist,  these  should 
not  be  inserted  in  the  smoke-flue,  as 
might  be  done  with  impunity  with  a 
common  fire.  The  behavior  of  the  hot 
air,  as  it  issues  from  the  warm-air  cham- 
ber, is  to  mount  to  the  ceiling,  adown 
the  wall,  dispersing  itself  pretty  equally 
throughout  the  room,  and  then  across 
the  floor  to  the  fire.  But  although  this 
is  so,  I  would  nevertheless  introduce 
some  inlets  for  fresh  air  during  the  sum- 
mer, and,  moreover  retain  the  power  of 
withdrawing  the  respired  air  by  means 
of  the  foul-air  flue  in  the  chimney- 
breast. 

When  building  a  house  I  would  always 
provide  the  panel  over  the  door,  and 
separate  air-flues  to  supply  the  fires  with 
air  for  combustion.  Between  the  smoker 
flues  I  also  invariably  provide  a  foul-air 
shaft,  terminating   a  few  inches  above 


the  ridge  on  the  sheltered  side  of  the 
chimney-stack.  In  the  case  of  a  cottage, 
one  such  foul-air  flue  will  serve  several 
rooms,  but  in  larger  mansions  I  always 
make  a  separate  air- with  drawing  flue  to 
each  room.  In  the  reception-rooms  and 
other  large  rooms  I  cause  on  each  wall, 
during  the  process  of  building  the  walls, 
a  four-inch  shaft  to  be  built  from  the 
ground-line  to  the  eaves,  and  these  can 
be  made  to  act  as  inlets  or  outlets  ac- 
cording to  the  weather.  In  the  depth 
of  winter,  also,  they  are  readily  utilized 
for  gas  calorigens. 

I  need  not,  I  think,  describe  the  whole- 
house  system  of  ventilation,  although  I 
warmly  approve  of  it;  because  it  must  be 
studied  in  detail.  Here  a  single  inlet  of 
warm  or  cold  air  is  provided  for  the 
whole  house,  and  also  one  common  ab- 
straction shaft  as  an  outlet,  with  con- 
trollable valves  and  other  requisites.  It 
has  proved  a  great  success  where  it  has 
been  tried  by  Drs.  Drysdale  and  Hay- 
ward,  and  if  properly  attended  to  will 
change  the  air  in  every  room  of  the 
house  every  twenty  minutes.  I  am 
afraid,  however,  that  the  system  would 
be  too  costly  for  general  use. 

I  have  only  one  word  more  to  say  on 
this  part  of  the  subject,  and  that  is  that, 
whenever  possible,  a  vestibule  should  be 
constructed  in  the  hall,  and  the  air 
warmed  for  the  hall  use,  and  for  the  use 
of  all  the  passages.  The  advantage  of 
the  ventilating  panels  over  the  doors 
will  then  also  be  felt.  But  the  stove  or 
calorigen  should  be  fed  with  a  tube-con- 
veyed stream  of  pure  air  to  be  warmed 
within  it,  for  delivery  into  the  room.  If 
hot-water  pipes  or  coils  are  used,  bring 
in  all  the  same  the  stream  of  cold  air  to 
the  under  side  of  the  pipes  or  coils,  and 
save  the  churning  and  burning  of  the 
air  over  and  over  again.  Moreover,  if 
there  be  a  coil-case,  see  that  it  runs  on 
castors,  and  enables  the  servant  to  dust 
the  pipes, — burnt  dust  being  very  offen- 
sive. 

Ventilation  should  be  so  perfect  as  to 
permit  even  of  the  withdrawal  of  any 
lighting  gas  which  may  have  escaped, 
or  at  least  for  a  sufficient  dilution  of  the 
gas  to  prevent  the  recurrence  of  such 
disasters  as  the  late  one  at  Arbroath, 
where  three  people  perished  by  suffoca- 
tion. The  results  of  gas  poisoning  have 
been  carefully  noted,  and  the  reports  of 
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the  necropsies  given  by  Dr.  Lockie,  of 
Sunderland,  in  which  city  a  youth  of 
eighteen  years  was  poisoned,  and  by  Dr. 
Sneddon,  of  Beith,  where  a  man,  aged 
thirty,  and  a  cat  perished  together. 
Within  the  past  two*  years  leaks  from 
gas  pipes  have  also  caused  explosions, 
which  resulted  in  the  loss  of  three  lives 
at  Southgate  and  two  at  Xorth  Durham, 
and  London  has  had  lately  to  lament  the 
loss  of  Dr.  Foster  by  a  similar  calamity. 
Serious  explosions  have  also  occurred  at 
Sheffield,  Wirksworth,  Rochester,  Ash- 
bourn,  and  doubtless  at  an  endless  num- 
ber of  unreported  places.  Sometimes 
gas  has  escaped  into  the  house  from 
leaks  in  the  main  outside,  and  gas  will 
creep  along  underground  for  an  astonish- 
ing distance.  It  has  been  traced  for 
thirty  feet,  and  even  across  a  roadway 
on  one  occasion.  The  only  cure  for  this 
evil  is  to  compel  the  companies  to  insert 
stop- valves  in  their  mains,  so  that  the 
flow  of  gas  from  a  fractured  pipe  can  be 
prevented  pending  its  restoration. 

But  I  would  recommend  more  than 
this,  and  nothing  less  than  the  compul- 
sory testing  by  the  gas  companies  of  the 
house-pipes  before  their  commodity  was 
allowed  to  pass  through  them.  And  I 
would  insist  upon  the  pipes  being  tested 
every  time  the  reading  of  the  meter  was 
taken.  With  our  system  of  working, 
the  gas  companies  are  independent  of 
the  leakage  going  on  in  the  house-pipes. 

Now,  in  America,  before  the  gas  com- 
panies will  make  the  connection  with  the 
meter,  they  satisfy  themselves  that  the 
pipes  are  intact.  The  contrivance  used 
for  testing  is  a  force-pump  of  simple 
construction,  and  connected  by  a  tube 
with  the  only  one  of  the  burners  which 
has  not  been  ])lugged  up.  -If,  after 
forcing  the  air  into  the  pipes,  the  mer- 
cury rises  in  the*  gauge  and  remains 
steadily  at  the  one  height  after  the  stop- 
cock has  been  shut  off,  the  pipes  are 
sound.  But  I  have  often  seen  the  mer- 
cury dance  up  the  pipe  and  disappear 
when  the  pumping  ceases,  in  which,  case 
either  there  is  a  leak  at  the  joint  or  a 
split  at  the  weld,  or  may  be  there  is  a 
plug  left  out  behind  the  papering,  as 
happened  to  be  the  case  the  other  day, 
or  peradventure  something  has  happened 
to  the  composition  piping.  It  would 
not  matter  very  much  certainly  whether 
the   gasfitter   were   bound   to   test    the 


pipes  before  the  gas  company  laid  on  the 
gas,  or  whether  the  gas  company  are 
compelled  to  test  the  gas  before  they 
connected  to  the  main,  so  that  the  pipes 
were  tested.  I  have  seen  here  in  Lon- 
don the  most  disgraceful  jobs  in  the  way 
of  gasfitting  which  nothing  but  a  sys- 
tematic testing  would  have  discovered. 
Another  improvement  which  should  be 
encouraged  is  the  use  of  a  gas-regulator. 
The  best  one  I  know  can  be  seen  in  use 
at  Jud kin's,  of  Fleet  Street. 

As  we  perambulate  through  our  ideal 
mansion,  the  next  thing  we  would  likely 
take  notice  of  would  be  the  water-pipes 
and  the  cisterns.  In  no  house,  whether 
the  water  supplied  be  hard  or  soft, 
should  the  water  for  culinary  or  drink- 
ing purposes  be  conveyed  in  leaden 
pipes.  I  will  not  insult  my  hearers  by 
recapitulating  the  reasons  for  this  pre- 
caution. Of  late  years  the  lead-encased 
block-tin  pipe  has  been  found  to  obviate 
very  many  of  the  evils  complained  of  in 
lead  pipes,  and  it  will  always  have  good 
work  to  perform  for  the  community. 
But  a  still  better  pipe  is  used  in  America, 
and  steps  are  just  now  being  taken  to  in- 
troduce it  into  this  country.  I  refer  to 
the  glass-lined  water  and  gas  pipe,  in 
which  the  water  comes  into  contact  with 
glass  only,  and  in  which  there  can  be 
neither  oxydation  nor  corrosion.  The 
interior  being  smooth  also,  there  is  less 
friction,  and  consequently  the  flow  of 
water  can  be  carried  upwards  with  less 
pressure.  Fortunately,  too,  the  resist- 
ing power  is  very  much  greater  than 
lead,  and  the  cost  is  very  little  more 
than  lead  pipe.  Those  who  have  used  it 
in  America  say  that  they  would  rather 
pay  for  this  pipe  than  have  any  other 
fixed  for  them  free  of  charge.  It  is  con- 
structed of  an  iron  exterior  casing,  and 
between  that  and  the  glass  is  a  compres- 
sible plastic  substance,  which  is  both  a 
non-conductor  of  heat  and  cold.  It  is 
certainly  a  great  advance  upon  every- 
thing that  has  yet  appeared  as  a  water 
or  gas  conveying  medium,  and  deserves 
universal  patronage. 

One  thing  is  quite  certain,  and  that  is, 
leaden  cisterns  should  be  abolished  alto- 
gether, or  confined  simply  to  the  supply 
cistern  over  the  closets.  I  do  not  think 
either  that  galvanized  iron  cisterns  are 
fit  for  the  storage  of  water,  inasmuch  as 
zinc  is  a  coarse  metal  easily  oxydized. 
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Poisoning  by  the  oxide  of  zinc  deposited 
in  the  cheaply  galvanized  iron  cisterns 
and  along  the  zinced  pipes  have  been 
somewhat  frequent.  Thus,  too,  we  have 
been  obliged  to  discontinue  the  use  of 
zinc-lined  kitchen  utensils.  Paper  col- 
lars also,  when  they  were  covered  with 
zinc  white,  caused  eruptions  around  the 
neck  whenever  the  perspiration  dissolved 
the  zinc  coating.  I  believe  the  best  and 
handiest  materials  for  cisterns  will  be 
found  to  be  slate,  enameled  inside.  I 
always  specify  them,  if  used  for  drink- 
ing-water, in  order  that  the  least  dust 
within  will  be  discoverable  at  a  glance. 

When  a  house  is  supplied  with  well 
water  only,  it  is  wise  to  periodically 
analyze  it.  Seventy-five  per  cent,  of 
waters  sent  from  the  country  has  proved 
on  analysis  to  be  unfit  for  use.  I  have  a 
client  at  the  present  time  residing  in 
London  who  has  fled  a  magnificent 
country  seat,  simply  because  not  a  well 
on  the  house  premises  can  be  found  to 
yield  good  water.  When  sickness  first 
seized  the  establishment,  the  drainage 
was  suspected,  and  certainly  some  seri- 
ous evils  were  laid  bare  and  remedied, 
but  nevertheless  the  unheaithiness  con- 
tinued, and  at  last  the  water  proved  to 
be  the  delinquent;  and  the  strangest  part 
of  the  matter  was,  that  the  water  which 
had  been  considered  best  on  the  estate, 
and  which  had  not  long  ago  been  brought 
into  the  house  at  great  cost  by  a  neigh- 
boring plumber,  proved  to  be  the  very 
worst  sample  of  the  lot.  Wells  are 
more  often  than  otherwise  poisoned  by 
the  infiltration  of  sewage  matter,  but 
not  unfrequently  are  they  made  unwhole- 
some by  the  introduction  of  lead  suction- 
pipe.  When  a  well  has  been  found  im- 
pure, and  it  becomes  incumbent  to  sink 
another,  I  make  a  trial  of  the  most  like- 
ly spot  with  the  aid  of  a  tube  well,  and 
if  the  discovered  water  proves  to  be 
good  on  analysis,  I  sink  a  well  there. 
Several  of  these  tube  wells  are  now, 
however,  driven  at  intervals  apart,  and, 
united  by  longitudinal  pipes,  are  brought 
to  one  spot  where  a  pump  is  fixed.  This 
is  often  found  to  be  cheaper  and  even 
better  than  sinking  a  well. 

Many  residences  in  the  country  are  en- 
tirely short  of  water,  taken  either  direct 
from  the  river,  or  raised  from  the  water- 
bearing rocks.  There  is,  therefore,  noth- 
ing remaining  for  them  but  the  utiliza- 


tion of  the  rain-water.  But  in  such 
cases  I  carefully  exclude  the  supply  from 
lead  flats,  and  use  them  in  the  soil-drains 
for  flushing.  In  every  case,  however, 
where  rain-water  is  used  for  drinking 
and  cooking  purposes,  it  should  be  well 
filtered.  Sometimes  I  use  a  simple  filter 
of  one  chamber,  the  water  rising  through 
sand  and  gravel,  and  in  a  general  way 
this  is  sufiicient.  But  cases  do  occur 
when  it  becomes  necessary  to  interpose 
a  depositing-tank  previously  to  the  water 
finding  its  way  into  the  cistern,  and  when 
one  must  also  use  a  more  compound 
filtering  media,  as,  for  instance,  chalk 
and  charcoal,  and  shingle  or  sand.  And 
when  the  sole  supply  of  the  house  is  de- 
rived from  the  rain-water  collection  tank, 
especial  care  should  be  taken  to  keep  the 
gutters  and  downspouts  in  a  cleanly 
state.  It  is  perfectly  astounding  what 
impurities  will  collect  there  in  a  few 
months,  what  a  load  of  fecal  matter, 
and  what  dead  atomies  of  winged  life. 
And  not  only  should  an  overflow  be  pro- 
vided for  the  tank,  but  a  drain  from  the 
bottom,  fitted  with  a  plug  and  spindle, 
so  as  to  facilitate  cleaning.  These  drains 
should  not,  however,  lead  into  the  soil- 
drains.  For  the  rest,  a  large  ventilating 
pipe  should  be  led  up  out  of  the  tank  to 
the  open  air. 

I  am  surprised,  considering  how  long 
the  cylinder  system  of  hot-water  heating 
has  been  known,  to  see  how  persistently' 
our  best  engineering  firms  continue  in 
the  use  of  the  huge  boiler  at  the  back  of 
the  fire,  and  all  its  liabilities  to  explo- 
sion and  other  drawbacks.  So  thorough 
a  case  has  been  made  out  against  the 
system,  that  I  am  sure  every  one  is  ac- 
quainted with  its  demerits.  Indeed,  the 
very  method  of  its  supply — from  the 
often  filthy  small  supply  cistern  in  the 
corner,  or  in  the  dark  cupboard,  or  even 
in  the  wall,  is  enough  to  prove  that  there 
is  too  much  of  the  hole-and-corner  busi- 
ness in  it  to  guarantee  perfect  cleanli- 
ness. On  one  occasion,  in  Wimpole 
Street,  London,  I  *saw  the  small  cistern 
mud  thick  with  the  remains  of  dead 
beetles  and  cockroaches,  nor  would  the 
defilement  have  been  discovered  had  not 
the  decoction  in  time  discolored  the 
water,  and  induced  a  search. 

In  the  cylinder  system  of  hot  water 
supply — and  I  never  in  any  case  recom- 
mend any  other  for  washing  up    or  for 
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bath  water — I  use  the  Dyer  patent.  The 
cold  water  is  at  the  top  of  the  house, 
and  the  hot  water  cylinder  near  the  fire. 
There  is  no  need  of  a  circulating  hot 
water  cistern  upstairs,  neither  of  any 
small-feed  cisterns  downstairs.  The  cold 
water  from  the  upstairs  cistern  enters 
near  the  bottom  of  the  cylinder,  and  the 
boiler  of  the  apparatus  is  .of  the  smallest 
possible  size.  Should  frost  set  in,  and 
no  water  flow  from  the  upper  cold  water 
cistern  to  the  cylinder,  so  as  to  force  the 
hot  water  up,  there  will  simply  be  a  stop 
to  the  supply  of  the  hot  water  for  a 
time,  but  as  the  cylinder  will  be  nearly  I 
full  of  water  all  the  time,  the  small  boiler 
will  always  be  kept  charged,  and  remain 
so  until  the  frost  surrenders.  It  is  im- 
possible to  empty  the  cylinder  from  any 
of  the  taps,  although  it  is  in  the  power 
of  the  master  or  mistress  to  open  a 
sluice-cock  and  empty  it  when  it  requires 
to  be  cleansed  out.  It  may  occur,  of 
course,  that  a  small  boiler  in  connection 
with  the  nursery  or  still-room  fires  would 
prove  a  great  boon,  and  there  is  no  ob- 
jection to  these.  But  there  is  to  the 
large  coffin-sized  boiler  at  the  back  of 
the  kitchen  and  scullery  fires,  it  being  a 
perpetual  menace  to  the  lives  of  the 
household,  and  worse  than  the  sword  of 
Damocles.  With  the  cylinder  system  it 
is  also  possible  to  heat  a  few  coils  for 
warming  the  rooms  and  passages;  but 
the  coils  should  be  galvanized  if  the 
water  is  wanted  free  from  discolora- 
tion. 

People  are  now  so  tired  of  being  lec- 
tured upon  drainage,  of  the  danger  of 
laying  pipes  under  houses,  of  using  bad 
drain  pipes,  and  not  truly  turned  ones, 
like  Stanford's  ;  of  the  propriety  of  a 
good  fall  for  the  pipes;  or  good  joints 
free  from  stuck-up  shirt  collars  of  cement 
inside;  and  have  so  often  been  told  how 
a  coating  of  tar  round  the  outside  of  the 
pipe  will  prevent  the  entry  of  roots  at 
any  joint,  that  they  smile  simply,  and 
'  hazard  an  opinion  as  to  their  entire  ac- 
quaintance with  all  that  could  possibly 
be  said  upon  the  subject.  This  boast 
would,  however,  be  a  fallacious  one,  for 
with  an  engineer  in  good  practice  nearly 
ever  week  brings  him  a  fresh  fact  to 
startle  him  as  to  what  evils  may  be 
silently  working,  mole-like,  underground, 
and  sapping  the  health  of  too  trustful 
ones.     Too  much  can  scarcely  ever  be 


said  regarding  the  danger  of  permitting 
old  cesspools  and  brick  drains  to  remain 
inside  a  house,  and  of  the  propriety  of 
even  searching  for  them,  if  the  house  be 
an  old  one,  the  very  moment  that  the 
first  smell  is  manifest,  or  when  the  first 
rat  crosses  the  Rubicon.  I  look  upon 
the  sewer  rat  as  really  a  beneficent  ani- 
mal, sent  by  Providence  to  warn  us  of 
the  possibility  of  sewer-gas  eruptions. 
He  is  to  cleanliness  in  the  drain  what 
the  Cirnix  lectularius  is  to  cleanliness  in 
the  bed,  a  sort  of  moral  gendarme  flying 
in  the  face  of  danger  even  to  bid  you  be 
wise  in  time.  And  just  as  I  would 
search  for  old  cesspools  and  brick 
drains,  and  abolish  them,  so  would  I  get 
rid  of  all  the  filthy  places  in  and  about 
the  stableyard,  the  garden,  and  even  the 
kitchen  offices,  and  replace  them  with 
earth  contrivances  of  automatic  action. 

I  never  look  upon  the  word  trap  in  a 
book,  or  see  one,  but  I  am  reminded  of 
the  deceptive  character  of  the  article. 
We  must  have  traps,  I  know  very  well, 
but  we  do  not  require  many  save  in  the 
streets,  at  the  gullies,  or  just  before  the 
house-drain  enters  the  main- drain,  the 
sewer,  or  the  cesspool.  We  try  to  cut 
off  all  connection  with  the  sealed  drain 
by  the  insertion  of  an  article  not  much 
larger  than  an  old-fashioned  watch,  and 
with  a  water  seal  hardly  thicker  than  its 
silver  back,  and  believe  we  can  resist  the 
influences  of  gases  generated  in  about, 
say,  ten  miles  of  sewer,  and  seeking  an 
entrance  into  the  rarefied  atmosphere  of 
the  house.  The  idea  is  monstrous,  and 
ought  to  have  needed  no  Dr.  Fergus  to 
have  laboriously  ridiculed  it.  The  best 
trap  is  the  syphon-trap,  when  it  is  a  sy- 
phon, but  I  have  seen  so  very  many  im- 
perfect syphons,  both  in  earthenware 
and  lead,  that  I  would  almost  insist  upon 
having  a  worshipful  order  of  syphons, 
in  order  to  obtain  a  hall-mark  upon 
them,  and  so  be  certain  that  they  really 
trapped.  I  took  out  of  a  mansion  the 
other  day  in  Lincolnshire  a  leaden  bend 
supposed  to  trap,  and  which  a  plumber 
had  not  long  put  in,  and  I  characterize 
its  condition  and  beauty  of  shape  suffi- 
ciently when  I  say  that  it  is  now  in  the 
museum  of  the  establishment,  and  duly 
labeled. 

I  am  almost  forgetting  our  imaginary 
house,  but  we  will  see  the  state  of  our 
waste  deliveries.     Does  the  cistern  over- 
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flow  deliver  into  the  soil-pipe  ? — cut  it. 
Does  the  bath  waste  so  deliver? — cut 
that  off.  So  do  the  sinks  of  the  house- 
maids', butler's,  and  housekeeper's  rooms 
so  deliver,  cut  them  off  also.  Let  noth- 
ing go  into  the  drain  direct,  and  discon- 
nect in  every  direction.  But  what  is 
disconnection  ?  Well,  if  you  take  the 
cistern  waste-pipe  out  of  the  soil-pipe, 
or  out  of  the  rainwater-pipe  connected 
with  the  drain,  and  allow  the  cistern 
waste  to  deliver  in  the  face  of  day  upon 
the  roof,  or  the  pavement  below,  that  is 
disconnection.  If  you  find  that  the 
waste-pipe  of  the  lead  safe  under  the 
watercloset  goes  into  the  soil-pipe,  and 
thousands  do,  or  into  the  D  trap,  and  if 
you  make  a  simple  hole  in  the  wall,  and 
put  the  lead  waste-pipe  through  it,  you 
have  disconnected  such  lead  closet  safe. 
In  like  manner,  if  the  kitchen  or  scullery 
sink  runs  direct  into  the  drain,  trapped 
or  otherwise,  and  if  you  lead  the  waste 
out  through  the  wall,  and  cause  it  to  de- 
liver in  the  open  air  over  a  grease-trap, 
or  just  under  a  ventilating  grid,  that 
kitchen  waste  has  been  disconnected. 
Formerly  it  was  deemed  sufficient  to  in- 
terpose a  small  body  of  water  between 
the  inside  of  the  house  and  the  drain, 
but  now,  in  place  of  this,  we  interpose 
an  open-air  space  between  the  trapping 
water  in  the  drain  and  the  ends  of  the 
wastes  outside  the  house.  The  rule  is 
now  to  allow  a  current  of  fresh  air  freely 
to  travel  from  the  disconnecting  tanks 
up  the  soil-pipes,  and  so  out  at  the  roof, 
the  constant  action  being  maintained  by 
the  adoption  of  a  foul-air  withdrawing 
cowl.  Instead  of  the  house-drains  con- 
taining pent-up  gases  and  foul  air,  they 
are  now  made   into  highways  for  fresh 


air,  and  the  difference  in  favor  of  health 
is  self-evident.  No  matter  what  pattern 
of  closet  be  used, — hopper,  pan,  or  valve, 
the  latter  with  or  without  L>  traps,  if  this 
disconnection  be  carried  out  with  the 
soil-pipe, — and  Mr.  Field  was,  I  believe, 
the  first  to  venture  upon  so  bold  a  course, 
— if  there  be  a  momentary  exposure  of 
the  wastes,  from  that  moment  of  expo- 
sure the  house  is  safe.  Between  the  foot 
or  two. of  exposure  and  the  larger  drain, 
the  sewer  or  the  cesspool,  can  be  put  a 
syphon,  and  nothing  will  force  that,  or 
if  gas  does  so  on  any  one  occasion,  it 
will  simply  rise  out  of  the  disconnecting 
chamber,  up  through  the  grating,  and  be 
harmlessly  dispersed  in  the  open  air. 

Lord  Byron  bade  his  readers  of  "  Childe 
Harold"  farewell  on  the  banks  of  the 
ocean,  and  the  idea  was  in  keeping  with 
the  high  sustained  character  of  the  poem. 
In  like  manner  I  will  bid  my  hearers 
adieu  at  the  edge  of  the  dust-bin,  that 
microcosm  of  good  and  macrocosm  of 
evil.  How  many  fevers  have  been  traced 
to  that  sarcophagus-looking  box,  to  that 
mausoleum-looking  tomb  under  the  area 
steps,  or  in  the  vault  of  the  close  back 
yard  ?  I  think  the  only  cure  is  for  the 
authorities  to  forbid  the  mixing  together 
of  the  kitchen  refuse, — and  this  may 
mean  anything,  from  the  lungs  of  a  hare 
to  the  stalk  of  a  lettuce, — and  the  dust 
proper,  that  is,  the  ashes  and  house 
sweepings.  I  would  also  forbid  the 
placing  of  the  dust-bin  below  the  floor 
level.  Your  time  will  not  permit  me  to 
say  more  at  present,  but  I  have  indicated, 
I  hope,  some  of  the  chief  reasons  why 
houses  prove  unhealthy,  and  with  your 
leave  will  revert  to  others  on  some  future 
occasion. 


FORCE.* 

From  "English  Mechanic." 

Having  shown  that  perhaps  the  most   into  this  subject,  he  said  it  was  necessary 


essential  thing  in  science  is  accuracy  or 
definiteness,  the  learned  professor  pro- 
ceeded to  consider  various  totally  incon- 
sistent modes  in  which  the  word  "  force  " 
has  been  used.     But,  before  going  fully 


*  An  abstract  o£  the  lecture  on  Force,  delivered  by  Pro- 
fessor Tait,  before  the  members  of  the  British  Associa- 
tion, at  the  Crystal  Palace,  Glasgow. 


to  premise  some  observations  with  refer- 
ence to  our  modes  of  becoming  acquaint- 
ed with  external  nature  and  its  laws.  It 
is  absolutely  necessary,  he  remarked,  to 
keep  well  in  mind  the  all-important  prin- 
ciple that  nothing  can  be  learned  as  to 
the  physical  world  except  by  observation 
and  experiment,  or  by  mathematical  de- 
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ductions  from  data  so  obtained — that 
man  had  been  left  entirely  to  himself  as 
regards  the  acquirement  of  physical 
knowledge,  but  has  been  gifted  with 
various  senses  without  which  he  could 
not  even  know  that  the  physical  world 
exists,  and  with  reason  to  enable  him  to 
control  and  understand  their  indications. 
To  sight  without  reason,  the  universe 
appears  to  be  filled  with  light,  except,  of 
course,  in  places  surrounded  by  opaque 
bodies.  Reason,  controlling  the  indica- 
tions of  sense,  shows  us  that  the  sensa- 
tion of  light  is  our  own  property,  and 
that  what  we  understand  by  brightness 
does  not  exist  outside  our  minds.  It 
shows  us,  also,  that  the  sensation  of 
color  is  purely  subjective.  To  hearing 
without  reason,  the  air  of  a  busy  town 
seems  to  be  filled  with  sounds.  Reason, 
interpreting  the  indications  of  sense,  tells 
us  that  if  we  could  see  the  particles  of 
air  we  should  observe  amongst  them 
simply  a  comparatively  slow  agitation  of 
the  nature  of  alternative  pressure  and 
dilatation.  A  blow  from  a  stick  or  a 
stone  produces  pain  and  a  bruise;  but 
the  motion  of  a  stick  or  a  stone  before  it 
reaches  the  body,  is  as  different,  from  the 
sensation  produced  by  the  blow,  as  is  the 
alternate  compression  and  dilatation  of 
the  air  from  the  sensation  of  sound. 
Thus  the  direct  indications  of  sense  are 
in  general  utterly  misleading,  and  most 
especially  as  to  the  relative  temperatures 
of  the  different  bodies.  The  lecturer 
most  carefully  warned  his  audience  to 
distinguish  between  heat  and  the  mere 
sensation  of  warmth,  just  as  they  dis- 
tinguished between  the  motion  of  a 
cudgel  and  the  pain  produced  by  the 
blow.  The  one  is  the  thing  to  be  meas- 
ured, the  other  is  only  the  more  or  less 
imperfect  reading  or  indication  given  by 
the  instrument  with  which  we  attempt 
to  measure  it,  so  that  when  our  muscular 
sense  impresses  on  us  the  notion  that  we 
are  exerting  force,  as  in  pushing  or  pull- 
ing, we  ought  to  be  very  cautious  in 
forming  judgment  as  to  what  is  really 
going  on,  and  we  ought  to  demand  much 
further  evidence  before  admitting  the 
objective  reality  of  force.  Whether 
there  is  such  a  thing  as  force  or  not, 
there  can  be  no  doubt  that  it  is  a  conven- 
ient term,  provided  it  be  employed  in 
one  definite  sense,  and  one  only.  The 
sense  in  which  Newton  uses  the  word 


"force,"  and  therefore  the  sense  in  whicfy 
we  must  continually  use  it  if  we  desire 
to  avoid  intellectual  confusion,  will  ap- 
pear clearly  from  a  brief  consideration 
of  his  simple  statement  of  the  laws  of 
motion.  After  quoting  these  laws,  the 
lecturer  said  that  any  change  whether 
in  the  direction  or  in  the  rate  of  motion 
of  a  body,  is  attributed  to  force.  Thus, 
a  stone  let  fall,  moves  quicker  and 
quicker,  and  we  say  that  force — -namely, 
the  weight  of  the  stone,  or  the  earth's 
attraction  for  it — is  continually  acting  so 
as  to  increase  the  rate  of  motion.  If  the 
stone  be  thrown  upwards,  the  rate  of  its 
motion  continually  diminishes,  and  we 
say  that  the  same  force  is  continually 
acting  so  as  to  produce  this  diminution 
of  speed.  So  far,  no  one,  probably,  feels 
the  least  difficulty,  but  we  have  got  only 
half  of  the  notion  on  this  point  which 
Newton's  first  law  affords.  We  see  the 
moon  revolving  about  the  earth,  and  the 
earth  and  other  planets  revolving  about 
the  sun,  approximately  at  least,  in  cir- 
cles. Why  is  this?  Their  directions  of 
motion  are  constantly  changing;  but  to 
produce  this  change  of  direction  force  is 
required  just  as  much  as  to  produce 
change  of  speed. 

The  old  notion  was  that  a  centripetal 
force  was  required  to  balance  the  so- 
called  centrifugal  force,  it  being  imagined 
that  a  body  moving  in  a  circle  had  a 
tendency  to  fly  outwards  from  the  center. 
Newton's  simple  law  exposed  in  full  the 
absurdity  of  this.  If  a  body  is  to  be 
made  to  move  in  a  curved  line,  instead 
of  its  natural  straight  path,  "you  must 
apply  force  to  compel  it  to  do  so.  In 
fact,  inertia  means  not  revolutionary  ac- 
tivity, but  dogged  perseverance;  and 
just  as  we  must  apply  force  in  the  direc- 
tion of  motion  to  change  the  rate  of  mo- 
tion, so  must  we  apply  force  perpendicu- 
lar to  the  direction  of  motion  to  change 
that  direction.  After  defining  moment- 
um as  the  product  of  a  mass  moving  into 
the  velocity  with  which  it  moves,  the  lec- 
turer proceeded  to  show  that  Newton's 
second  law  enables  us  to  define  the  unit 
of  force  as  that  which,  whatever  be  its 
source,  produces  a  unit  of  momentum  in 
the  unit  of  time.  Employing  British  units, 
a  unit  of  force  is  that  which,  in  one  sec- 
ond, gives  to  one  pound  of  matter  a 
velocity  of  one  foot  per  second.  It  is  to 
be  carefully  noticed  that  a  pound  of  mat- 
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ter  is  a  certain  mass  or  quantity  of  mat- 
ter. When  we  buy  a  pound  of  tea  we 
buy  a  quantity  of  the  matter  called  tea 
equal  in  mass  to  the  standard  pound  of 
matter.  The  idea  of  weight  does  not 
enter  primarily  into  the  process — in  fact, 
the  use  of  the  ordinary  balance  depends 
upon  one  clause  of  Newton's  law  of  grav- 
itation, which  tells  us  that  the  weights  of 
bodies  are  equal  if  their  mass  is  equal. 
The  weight  of  a  pound  of  matter  varies 
from  place  to  place  on  the  earth's  surface. 
It  depends  upon  the  attracting  as  well  as 
upon  the  attracted  body.  The  mass  of 
a  body  is  its  own  property;  the  weight 
of  a  body  is  the  force  which  produces  in 
it  in  one  second  a  velocity  which  in  this 
latitude  is  about  thirty-two  feet  per  sec- 
ond, so  that  in  Glasgow  the  weight  of  a 
pound,  which  we  take  as  our  standard 
unit  of  mass,  is  rather  more  than  thirty- 
three  units  of  force,  or,  what  comes  to 
the  same  thing,  the  British  unit  of  force 
is  about  the  former  weight  of  a  penny 
letter — half  an  ounce.  The  lecturer  went 
on  to  show  the  monstrosity  of  confound- 
ing force  with  momentum,  and  to  make 
clear  to  his  audience  that  he  had  not 
overstated  the  atrocity  of  such  a  com- 
parispn,  he  showed  that,  by  changing 
the  unit  of  time,  amounts  of  force  and 
|  momentum  which  were  before  equal 
j  might  be  made  to  bear  any  desired  pro- 
portion to  one  another.  The  two  things 
were  therefore  shown  to  be  of  quite  dis- 
similar nature,  and  such  as  could  not  be 
lawfully  equated  to  one  another  under 
any  circumstances  whatever.  Newton's 
first  two  laws,  he  continued,  leave  abso- 
lutely no  doubt  as  to  the  only  definite 
and  correct  meaning  of  the  word  "force." 
It  is  obviously  to  be  applied  to  any  pull, 
push,  pressure,  tension,  attraction,  or 
repulsion,  whether  applied  by  a  stick,  or 
a  string,  a  chain,  or  a  girder,  or  by 
means  of  an  invisible  medium  whose 
existence  is  made  certain  by  the  phe- 
nomena of  light  and  of  radiant  heat. 
Thus  we  see  how  to  get  rid  of  two 
gratuitous  absurdities — so-called  centrif- 
ugal force  and  the  so-called  accelerating 
force. 

We  must  now  proceed  to  exterminate 
what  is  called  living  force.  Cormorant 
and  Blunderbore  have  been  disposed  of, 
but  a  more  dangerous  giant  remains — 
the  more  dangerous  because  he  is  a  real- 
ity and  not  a  phantom.     Whatever  force 


may  be,  there  is  no  such  thing  as  centrif- 
ugal force,  and  accelerating  force  is  not 
a  physical  idea  at  all;  but  that  which  is 
generally  denoted    by   the   term   living 
force,  as  it  has  absolutely  no  right  to  be 
called  force,  is  something  as  real  as  mat- 
ter itself.     To  understand  its  nature  we 
must  have  recourse  to  the  "Principia." 
The   lecturer   proceeded    to   show   that 
Newton,  in  all  but  one  particular,  had 
anticipated  the  modern  statement  of  the 
conservation    of    energy.     Energy    was 
used  by  Newton  in  a  sense  of  work,  not 
force,   as  is   too  often  represented,  but 
force  exerted  through  a  space.     No  one 
having  the  slightest    ideas  of  accuracy 
could  possibly    confound  two  things  so 
different  as  force  and  energy,  any  more 
than  he  would  attempt  to  measure  the 
height  of  a   mountain  in   acres,   or  the 
arable  land  of  an  estate  in  cubic  miles. 
Newton's  words,  put  into  modern  lan- 
guage, but  without  changing  the  mean- 
ing, stand  thus: — "If  the   action  of  an 
agent  be  measured  by  the  product  of  its 
force  into  its  velocity,  and  if,  similarly, 
the  reaction  of  a  resistance  be  measured 
by  the  velocities  of  its  several  parts  into 
their  several  forces,  whether  these  arise 
from  friction,    cohesion,  weight,  or  ac- 
celeration,  action    and   reaction,   in   all 
combinations  of  machines,  will  be  equal 
and  opposite."     The   actions    and  reac- 
tions which  are  here  stated  to  be  equal 
and  opposite  are  no  longer  simple  forces, 
but    the   products    of   forces   into  their 
velocities.      They    are     what     are    now 
called  "rates   of   doing    work,"   the  in- 
crease per  second  of  a  very  tangible  and 
real  something,  for  the  measurement  of 
which  rate  Watt  introduced  the  practi- 
cal unit  of  a  horse  power,  or  the  rate  at 
which  an  agent  works  whenit  lifts  33,000 
pounds  one  foot  high  per  minute  against 
the  earth's  attraction.     Thus  it  appears 
that  force  is  a  mere  name,  and  that  the 
product  of  the   force  into  the  displace- 
ment of  this  point  of  application  is  that 
which  has  an   objective  existence. 

Modern  science  shows  us  that  force  is 
merely  a  convenient  term  employed  for 
the  present,  very  usefully,  to  shorten 
what  would  otherwise  be  cumbrous  ex- 
pressions, but  it  is  not  to  be  regarded  as 
a  thing  any  more  than  the  bank-rate  of 
interest  is  to  be  looked  upon  as  a  sum  of 
money,  or  the  birth-rate  of  a  country  is 
to  be  looked  upon  as  the  actual  group  of 
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children  born  in  the  year.  The  lecturer 
then  passed  on  to  consider  the  various 
forms  of  energy  and  their  mutual  rela- 
tion, and  how  force  was  exemplified  as 
in  each  case  the  rate  of  transformation 
of  energy  per  unit  of  length  between  two 
bodies  or  systems.  After  defining  po- 
tential and  kinetic  energy,  he  proceeded 
to  show  that  Rumford  and  Davy,  at  the 
very  end  of  last  century,  showed  con- 
clusively that  the  materiality  of  heat 
could  not  be  maintained,  and  thus  gave 
the  means  of  completing  Newton's  state- 
ment, which,  still  further  extended  and 
generalized,  now  stands  as  one  of  the 
most  massive  pillars  of  the  fast  rising- 
temple  of  science  known  as  the  Law  of 
the  Conservation  of  Energy.  Dr.  Tait 
went  on  to  say: — The  conception  of  ki- 
netic energy  is  a  very  simple  one,  at  least 
where  visible  motion  alone  is  involved. 
And  from  motion  of  visible  masses  to 
those  motions  of  the  particles  of  bodies 
whose  energies  we  call  heat  is  by  no 
means  a  very  difficult  mental  transition. 
Mark,  however,  that  heat  is  not  the  mere 
motion,  but  the  energy  of  these  motions 
(a  very  different  thing),  for  heat  and 
kinetic  energy  in  general  are  no  more 
"modes  of  motion"  than  potential  en- 
ergy of  every  kind  (including  that  of 
unfired  gunpowder)  is  a  "mode  of  rest." 
In  fact  a  "  mode  of  motion  "  is,  if  the 
word  motion  be  used  in  its  ordinary 
sense,  purely  kinematical,  not  physical, 
and  if  motion  be  used  in  Newton's  sense, 
it  refers  to  momentum,  not  to  energy. 
The  conception  of  potential  energy,  how- 
ever, is  not  by  any  means  so  easy  or 
direct;  in  fact,  the  apparently  direct 
testimony  of  our  muscular  sense  to  the 
existence  of  force  makes  it  at  first  much 
easier  for  us  to  conceive  of  force  than  of 
potential  energy.  Why  two  masses  of 
matter  possess  potential  energy  when 
separated — in  virtue  of  which  they  are 
conveniently  said  to  attract  one  another 
— is  still  one  of  the  most  obscure  prob- 
lems in  physics.  I  have  not  now  time  to 
enter  on  a  discussion  of  the  very  in- 
glorious idea  of  the  ultramundane  cor- 
puscles, the  outcome  of  the  life-work  of 
Le  Sage,  and  the  only  even  apparently 
hopeful  attempt  which  has  yet  been 
made  to  explain  the  mechanism  of  gravi- 
tation. The  most  singular  thing  about 
it  is  that  if  it  be  true  it  will  probably 
lead  us  to  regard  all  kinds  of  energy  as 
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ultimately  kinetic.  And  a  singularly 
quasi-metaphysical  argument  may  be 
raised  on  this  point  of  which  I  can  only 
give  the  barest  outline.  The  natural 
convertibility  of  kinetic  and  potential 
energy  shows  that  relations  of  equality 
(though  not  necessarily  of  identity)  can 
exist  between  the  two;  and  thus  that 
their  proper  expressions  involve  the  same 
fundamental  units  and  in  the  same  way. 
Thus,  as  we  have  already  seen  that  ki- 
netic energy  involves  the  unit  of  mass  and 
the  square  of  the  linear  unit  directly, 
together  with  the  square  of  the  time  unit 
inversely,  the  same  must  be  the  case 
with  potential  energy.  And  it  seems 
very  singular  that  potential  energy  should 
thus  essentially  involve  the  unit  of  time, 
if  it  do  not  ultimately  depend  in  some 
way  on  energy  of  motion. 

One  of  the  worst  blunders  of  the  much 
lauded  early  paper  of  Mayer,  upon  which 
an  attempt  was  made  to  found  for  him 
the  full  claim  to  the  original  discovery  of 
the  conservation  of  energy,  was  repro- 
duced in  an  intensified  form  by  Dr.  Tyn- 
dall,  in  his  discourse  on  what  he  errone- 
ously called  "force."  As  that  discourse 
involves  essentially  a  good  deal  of  the 
particular  kind  of  error,  to  the  exposure 
of  which  my  present  lecture  haS  been 
devoted,  I  may  fitly  finish  with  a  brief 
examination  of  some  of  the  most  inac- 
curate of  the  statements  there  made. 
Here  they  are  from  the  Philosophical 
Magazine  for  July,  1862,  where  they 
form  part  of  a  paper  which  has  already 
been  effectively  commented  on,  but 
mainly  from  an  historical  point  of  view, 
by  Sir  William  Thomson  and  myself; 
"The  absolute  amount  of  work  done 
depends  solely  upon  two  things — first  of 
all  on  the  quantity  of  matter  that  is 
lifted,  and  secondly  on  the  height  to 
which  it  is  lifted.  If  you  call  the  quan- 
tity or  mass  of  matter  M,  and  the  height 
through  which  it  is  lifted  N,  then  the 
product  of  M  into  N,  or  M  N,  expresses 
the  amount  of  work  done."  Now  the 
words  "quantity  or  mass  of  matter," 
are  perfectly  definite,  and  cannot  possibly 
involve  anything  beyond  a  numerical 
multiple  of  the  unit  of  mass.  The  height 
to  which  the  mass  is  raised  is,  of  course, 
a  simple  numerical  multiple  of  the  work 
of  length.  The  product  of  these  two 
quantities  thus  defined  by  Dr.  Tyndall 
as  "work  done" — i.e.,  the  product  of  a 
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|  mass  into  a  length — is  not  as  yet  recog- 
|  nized  in  physics  at  all.  We  have  seen 
that  work  or  energy  essentially  involves 
two  additional  factors — viz.,  a  numerical 
multiple  of  the  unit  of  length  directly, 
and  of  the  square  of  the  time-unit  in- 
versely. One  of  the  extraordinary  mis- 
takes involved  in  such  a  statement  as 
that  which  I  have  just  quoted  will  be 
obvious  to  every  one  of  you  when  I  point 
out  that  the  statement  involves  no  men- 
tion of  gravitation  whatever,  so  that, 
according  to  such  writers,  the  work  done 
in  lifting  a  load  in  no  way  depends  upon 
the  earth's  attraction,  but  would  be  ex- 
actly the  same  whatever  were  the  mass 
of  the  earth.  Perhaps  nothing  so  rich, 
and  yet  so  sad,  as  this  has  been  pub- 
>  lished  as  science  since  a  scientific  author, 
supposed  to  be  the  late  Lord  Brougham, 
undertook,  at  short  notice,  to  write  one 
of  the  earlier  treatises  of  the  "  Library 
of  Useful  Knowledge."  All  but  a  very 
few  copies  were  recalled,  but  in  those 
which  were  not  destroyed  we  are  told 
that  a  porter  carries  a  load  on  his  shoul- 
ders rather  than  in  his  hands  because  it 
is  thus  lifted  at  least  twice  as  high  above 
the  earth,  and  gravity  diminishes  as  the 
square  of  the  distance  from  the  attract- 
ing body  increases  !  When  I  find  men 
who  make  these  blunders  in  science, 
where  at  least  in  the  elements  accuracy 
is  not  only  indispensable  but  easily 
attainable — when  I  find  these  men  un- 
settling by  vague  and  altogether  unsci- 
entific speculations  the  cherished  beliefs 
of  their  fellow-men,  on  matters  of  un- 
utterably greater  moment,  I  conceive 
that  I  am  morally  bound,  in  season  and 
out  of  season,  to  take  every  possible  op- 
portunity of  showing  the  true  value  at 
which  to  estimate  their  scientific  authori- 
ty. Shall  "  these  be  thy  gods,  O  Israel  ?" 
To  conclude,  in  defence  of  accuracy, 
which  is  the  sine  qua  non  of  all  science, 
we  must  be  "  zealous,  as  it  were,  even  to 
slaying;"  and  that,  as  all  the  power  of 
the  Times  will  not  compel  us  to  put  a  "  y  " 
instead  of  an  "e"into  the  word  chemist, 
so  neither  will  the  bad  example  of  Ger- 
many and  France,  though  recommended 
to  us  with  all  the  authority  which  may 
be  attributed  to  an  ex-president  of  this 
Association,  succeed  in  inducing  us  to 
attach  two  or  more  perfectly  distinct 
and  incompatible  scientific  meanings  to 
that  useful  little   word  "  force,"  which 


Newton  has  once  and  forever  defined  for 
us,  with  his  transcendent  clearness  of 
conception. 

Dr.  Andrews  expressed  his  concurrence 
with  the  remarks  of  Professor  Tait  as  to 
the  importance  of  exactness  in  the  use  of 
language.  They  all  knew,  however,  that 
language  was  marvelously  flexible,  and 
unless  words  were  multiplied  far  beyond 
the  number  to  be  found  in  any  language 
there  must  be  various  significations. 
One  word  might  be  used  correctly  by 
Newton  and  at  the  same  time  it  might 
not  be  always  employed  in  the  same 
sense  by  others;  and  he  believed  there 
were  few  then  present  except  the  learned 
gentlemen  there  who  would  undertake 
to  write  an  essay,,  even  after  hearing 
Professor  Tait  lecture,  without  falling 
into  some  serious  error. 

Professor  Stokes,  in  moving  a  vote  of 
thanks  to  Professor  Tait,  observed  that 
when  he  first  heard  of  the  subject  the 
lecturer  had  chosen  he  felt  somewhat 
puzzled.  He  felt  that  it  was  one  very 
suitable  for  an  assembly  of  professed 
mathematicians  or  physicists,  but  he  had 
great  difficulty  in  conceiving  in  what 
manner  it  could  be  rendered  interesting 
or  generally  intelligible  to  a  mixed 
audience.  He  owned  that  he  should 
have  been  sorry  himself  to  have  been 
obliged  to  lecture  before  such  an  audi- 
ence on  such  a  subject.  But  the  lively 
genius  of  his  friend  Professor  Tait  had 
thrown  a  mantle  over  the  dry  subject 
with  which  he  had  dealt,  and  had  caused 
the  lecture  to  be  listened  to  with  a  silent 
attention  that  showed  the  interest  it  had 
aroused — a  silence  only  broken  by  the 
marks  of  approbation  with  which  certain 
passages  were  received.  He  could  not 
help  feeling,  in  reference  to  the  latter 
part  of  the  lecture,  that  the  context  of  a 
man's  words  might  often  throw  a  light 
upon  his  meaning,  but  this  was  a  matter 
that  had  been  alluded  to  by  the  Presi- 
dent, and  he  would  not  pursue  it  further. 


The  Richmond  Select  Vestry  have 
voted  £2,339  odd  for  the  purchase  of  an 
old  brewery,  the  site  of  a  proposed  arte- 
sian well,  the  water  from  which  it  is  in- 
tended to  pump  up  to  a  reservoir  in 
Richmond  Park?>about  to  be  constructed 
with  the  approval  of  Her  Majesty's  Office 
of  Works. 
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Abstract  of  the  Address  of  THOMAS  ANDREWS,  M.D.,  LL  D.,  F.E.S.,  President. 
From  "The  Engineer." 


Six  and  thirty  years  have  passed  over 
since  the  British  Association  for  the  Ad- 
vancement of  Science  held  its  tenth 
meeting  in  this  city  (Glasgow),  and  twen- 
ty-one years  have  elapsed  since  it  last 
assembled  here.  The  representatives  of 
two  great  Scottish  families  presided  on 
these  occasions;  and  those  who  had  the 
advantage  of  hearing  the  address  of  the 
Duke  of  Argyll  in  1855  will  recall  the 
gratification  they  enjoyed  while  listen- 
ing to  the  thoughtful  sentiments  which 
reflected  a  mind  of  rare  cultivation  and 
varied  acquirements.  On  the  present 
occasion  I  have  undertaken,  not  without 
anxiety,  the  duty  of  filling  an  office  at 
first  accepted  by  one  whom  Scotland  and 
the  Association  would  alike  have  rejoiced 
to  see  in  this  chair,  not  only  as  a 
tribute  to  his  own  scientific  services,  but 
also  as  recognizing  in  him  the  worthy 
representative  of  that  long  line  of  able 
men  who*  have  upheld  the  pre-eminent 
position  attained  by  the  Scottish  schools 
of  medicine  in  the  middle  of  the  last 
century,  when  the  mantle  of  Boerhaave 
fell  upon  Munro  and  Cullen. 

The  task  of  addressing  this  Associa- 
tion, always  a  difficult  one,  is  not  render- 
ed easier  when  the  meeting  is  held  in  a 
place  which  presents, the  rare  combina- 
tion of  beinp;  at  once  an  ancient  seat  of 
learning  and  a  great  center  of  modern 
industry.  Time  will  not  permit  me  to 
refer  to  the  distinguished  men  who  in 
early  days  have  left  here  their  mark  be- 
hind them;  and  I  regret  it  the  more,  as 
there  is  a  growing  tendency  to  exagger- 
ate the  value  of  later  discoveries,  and  to 
underrate  the  achievements  of  those  who 
have  lived  before  us.  Confining  our  at- 
tention to  a  period  reaching  back  to 
little  more  than  a  century,  it  appears 
that  during  that  time  three  new  sciences 
arose,  at  least  as  far  as  any  science  can 
be  said  to  have  a  distinct  origin,  in  this 
city  of  Glasgow — experimental  chemist- 
ry, political .  economy,  and  mechanical 
engineering.  It  is  now  conceded  that 
Black   laid   the   foundation   of    modern 


chemistry;  and  no  one  has  ever  disputed 
the  claims  of  Adam  Smith  and  of  Watt 
to  having  not  only  founded,  but  largely 
built  up,  the  two  great  branches  of 
knowledge  with  which  their  names  will 
always  be  inseparably  connected.  It 
was  here  that  Dr.  Thomas  Thomson  es- 
tablished the  first  school  of  practical 
chemistry  in  Great  Britain,  and  that  Sir 
W.  Hooker  gave  to  the  chair  of  botany 
a  European  celebrity;  it  was  here  that 
Graham  discovered  the  law  of  gaseous 
diffusion  and  the  properties  of  polybasic 
acids;  it  was  here  that  Stenhouse  and 
Anderson,  Rankine  and  J.  Thomson, 
made  some  of  their  finest  discoveries; 
and  it  was  here  that  Sir  William 
Thomson  conducted  his  physito-mathe- 
matical  investigations,  and  invented 
those  exquisite  instruments,  valuable 
alike  for  ocean  telegraphy  and  for  scien- 
tific use,  which  are  among  the  finest 
trophies  of  recent  science.  Nor  must 
the  names  of  Tennant,  Mackintosh,  Neil- 
son,  Walter  Crum,  Young,  and  Napier 
be  omitted,  who,  with  many  others  in 
this  place,  have  made  large  and  valuable 
additions  to  practical  science. 

The  safe  return  of  the  Challenger, 
after  an  absence  of  three  and  a  half 
years,  is  a  subject  of  general  congratula- 
tion. Our  knowledge  of  the  varied 
forms  of  animal  life,  and  of  the  remains 
of  animal  life  which  occur,  it  is  now 
known,  over  large  tracts  of  the  bed  of  the 
ocean,  is  chiefly  derived  from  the  observ- 
ations made  in  the  Challenger  and  in 
the  previous  deep-sea  expeditions  which 
were  organized  by  Sir  Wyville  Thomson 
and  Dr.  Carpenter.  The  physical  observ- 
ations, and  especially  those  on  the  tem- 
perature of  the  ocean,  which  were  sys- 
tematically conducted  throughout  the 
whole  voyage  of  the  Challenger,  have 
already  supplied  valuable  data  for  the 
resolution  of  the  great  question  of  ocean 
currents.  Upon  this  question,  which 
has  been  discussed  with  singular  ability, 
but  under  different  aspects,  by  Dr.  Car- 
penter and  Mr.   Croll,  I  cannot  attempt 
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here  to  enter;  nor  will  I  venture  to  fore- 
stall, by  any  crude  analysis  of  my  own, 
the  narrative  which  Sir  William  Thom- 
son has  kindly  undertaken  to  give  of  his 
own  achievements  and  of  those  of  his 
staff  during  their  long  scientific  cruise. 
Another  expedition,  which  has  more 
than  fulfilled  the  expectations  of  the 
public,  is  Lieutenant  Cameron's  remarka- 
ble journey  across  the  continent  of 
Africa.  It  is  by  such  enterprizes, 
happily  conceived  and  ably  executed, 
that  we  may  hope  at  no  distant  day  to 
see  the  Arab  slave  dealer  replaced  by 
the  legitimate  trader,  and  the  depressed 
populations  of  Africa  gradually  brought 
within  the  pale  of  civilized  life. 

From  the  North  Polar  Expedition  no 
intelligence  has  been  received;  nor  can 
we  expect  for  some  time  to  hear  whether 
it  has  succeeded  in  the  crowning  object 
of  Arctic  enterprise.  In  the  opinion  of 
many,  the  results,  scientific,  or  other,  to 
be  gained  by  a  full  survey  of  the  Arctic 
regions  can  never  be  of  such  value  as  to 
justify  the  risk  and  cost  which  must  be 
incurred.  But  it  is  not  by  cold  calcula- 
tions of  this  kind  that  great  discoveries 
are  made  or  great  enterprizes  achieved. 
There  is  an  inward  and  irrepressible  im- 
pulse— in  individuals  called  a  spirit  of 
adventure,  in  nations  a  spirit  of  enter- 
prise— which  impels  mankind  forward 
to  explore  every  part  of  the  world  we  in- 
habit, however  inhospitable  or  difficult 
of  access;  and  if  the  country  claiming 
the  foremost  place  among  maritime 
nations  shrink  from  an  undertaking  be- 
cause it  is  perilous,  other  countries  will 
not  be  slow  to  seize  the  post  of  honor. 
If  it  be  possible  for  man  to  reach  the 
poles  of  the  earth,  whether  north  or 
south,  the  feat  must  sooner  or  later  be 
accomplished;  and  the  country  of  the 
successful  adventurers  will  be  thereby 
raised  in  the  scale  of  nations. 

The  discovery  of  Huggins  that  some 
of  the  fixed  stars  are  moving  towards 
and  others  receding  from  our  system, 
has  been  fully  confirmed  by  a  careful 
series  of  observations  lately  made  by  Mr. 
Christie  in  the  Observatory  of  Greenwich. 
Mr.  Huggins  has  not  been  able  to  dis- 
cover any  indications  of  a  proper  motion 
in  the  nebulae  but  this  may  arise  from 
the  motion  of  translation  being  less  than 
the  method  would  discover.  Few 
achievements  in  the  history  of  science 


are  more  wonderful  than  the  measure- 
ment of  the  proper  motions  of  the  fixed 
stars,  from  observing  the  relative  position 
of  two  delicate  lines  of  light  in  the  field 
of  the  telescope.  The  observation  of  the 
American  astronomer  Young,  that 
bright  lines  corresponding  to  the  ordinary 
lines  of  Fraunhofer  reversed,  may  be 
seen  in  the  lower  strata  of  the  solar  at- 
mosphere for  a  few  moments  during  a 
total  eclipse,  has  been  confirmed  by  Mr. 
Stone,  on  the  occasion  of  the  total  eclipse 
of  the  sun  which  occurred  some  time  ago 
in  South  Africa.  In  the  outer  corona,  or 
hig-her  regions  of  the  sun's  atmosphere, 
a  single  green  line  only  was  seen,  the 
same  which  had  been  already  described 
by  Young. 

I  can  here  refer  only  in  general  terms 
to  the  observations  of  Roscoe  and  Schus- 
ter on  the  absorption-bands  of  potassium 
and  sodium,  and  to  the  investigations  of 
Lockyer  on  the  absorptive  powers  of 
metallic  and  metalloidal  vapors  at  dif- 
ferent temperatures.  From  the  vapors 
of  calcium  the  latter  has  obtained  two 
wholly  distinct  spectra,  one  belonging  to 
a  low,  and  the  other  to  a  high,  tempera- 
ture. Mr.  Lockyer  is  also  engaged  on  a 
new  and  greatly  extended  map  of  the 
solar  spectrum. 

Spectrum  analysis  has  lately  led  to  the 
discovery  of  a  new  metal,  gallium;  the 
fifth  whose  presence  has  been  first  indi- 
cated by  that  powerful  agent.  This  dis- 
covery is  due  to  M.  Lecoq  de  Boisbaud- 
ran,  already  favorably  known  by  a  work 
on  the  application  of  the  spectroscope  to 
chemical  analysis.  Our  knowledge  of 
aerolites  has  of  late  years  been  greatly 
increased;  and  I  cannot  occupy  a  few 
moments  of  your  time  more  usefully  than 
by  briefly  referring  to  the  subject.  So 
recently  as  1860  the  most  remarkable 
meteoric  fall  on  record,  not  even  except- 
ing that  of  L'Aigle,  occurred  near  the 
village  of  New  Concord,  in  Ohio.  On  a 
day  when  no  thunder-clouds  were  visible, 
loud  sounds  were  heard  resembling  claps 
of  thunder,  followed  by  a  large  fall  of 
meteoric  stones,  some  of  which  wrere  dis- 
tinctly seen  to  strike  the  earth.  One 
stone,  above  fifty  pounds  in  weight, 
buried  itself  to  the  depth  of  two  feet  in 
the  ground,  and  when  dug  out  was  found 
to  be  still  warm.  In  1872  another  re- 
markable meteorite,  atx  first  seen  as  bril- 
liant as  a  star,  with  a  luminous  train,  burst 
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near  Orvinio,  in  Italy,  and  six  fragments 
of  it  were  afterwards  collected. 

Isolated  masses  of  metallic  iron,  or 
rather  of  an  alloy  of  iron  and  nickel, 
similar  in  composition  and  properties  to 
the  iron  usually  diffused  in  meteoric 
stones,  have  been  found  here  and  there 
on  the  surface  of  the  earth;  some  of  large 
size,  as  one  described  by  Pallas,  which 
weighed  about  two-thirds  of  a  ton.  Of 
the  meteoric  origin  of  these  masses  of 
iron  there  is  little  room  for  doubt,  al- 
though no  record  exists  of  their  fall. 
Sir  Edward  Sabine,  whose  life  has  been 
devoted  with  rare  fidelity  to  the  pursuit 
^of  science,  and  to  whose  untiring  efforts 
this  Association  largely  owes  the  posi- 
tion it  now  occupies,  was  the  pioneer  of 
the  newer  discoveries  in  meteoric  science. 
Eight  and  fifty  years  ago  he  visited  with 
Captain  Ross  the  northern  shores  of 
Baffin's  Bay,  and  made  the  interesting 
discovery  that  the  knife  blades  used  by 
the  Esquimaux  in  the  vicinity  of  the 
Arctic  highlands  were  formed  of  meteoric 
iron.  This  observation  was  afterwards 
fully  confirmed;  and  scattered  blocks  of 
meteoric  iron  have  been  found  from  time 
to  time  around  Baffin's  Bay.  But  it  was 
not  till  1870  that  the  meteoric  treasures 
of  Baffin's  Bay  were  truly  discovered. 
In  that  year  Nordenskiold  found,  at  a 
part  of  the  shore  difficult  to  approach 
even  in  moderate  weather,  enormons 
blocks  of  meteoric  iron,  the  largest 
weighing  nearly  twenty  tons,  imbedded 
in  a  ridge  of  basaltic  rock,  The  interest 
of  this  observation  is  greatly  enhanced 
by  the  circumstances  that  these  masses 
of  meteoric  iron,  like  the  basalt  with 
which  they  are  associated,  do  not  belong 
to  the  present  geological  epoch,  but 
must  have  fallen  long  before  the  actual 
arrangement  of  land  and  sea  existed, — 
during,  in  short,  the  middle  Tertiary,  or 
Miocene  period  of  Lyell. 

Weather  telegraphy,  or  the  reporting 
by  telegraph  the  state  of  the  weather  at 
selected  stations  to  a  central  office,  so 
that  notice  of  the  probable  approach  of 
storms  may  be  given  to  the  seaports,  has 
become  in  this  country  an  organized 
system;  and  considering  the  little  prog- 
ress meteorology  has  made  as  a  science, 
the  results  may  be  considered  to  be  on 
the  whole  satisfactory.  Of  the  warnings 
issued  of  late  years,  four  out  of  five 
were  justified  by  the  occurrence  of  gales 


or  strong  winds.  Few  storms  occurred 
for  which  no  warnings  have  been  given; 
but,  unfortunately,  among  these  were 
some  of  the  heaviest  gales  of  the  period. 
The  stations  from  which  daily  reports  are 
sent  to  the  meteorological  office  in  Lon- 
don, embrace  the  whole  cost  of  Western 
Europe,  including  the  Shetland  Isles. 
It  appears  that  atmospheric  disturbances 
seldom  cross  the  Atlaiitic  without  being 
greatly  altered  in  character,  and  that  the 
origin  of  most  of  our  storms  lies  eastward 
of  the  longitude  of  Newfoundland.  As 
regards  the  velocity  of  the  wind,  the  cup- 
anemometer  of  Dr.  Robinson  has  fully 
realized  the  expectations  of  its  discover- 
er ;  and  the  venerable  astronomer  of 
Armagh  has  been  engaged  during  the 
past  summer,  with  all  the  ardor  of  youth, 
in  a  course  of  laborious  experiments  to 
determine  the  constants  of  his  instru- 
ment. From  seven  year's  observations 
at  the  Observatory  of  Armagh,  he  has 
found  that  the  mean  velocity  of  the 
wind  is  greatest  in  the  S.  S.  W.  octant, 
and  least  in  the  opposite  one,  and  that 
the  amount  of  wind  attains  a  maximum 
in  January,  after  which  it  steadily  de- 
creases, with  one  slight  exception,  till 
July,  augmenting  again  till  the  end  of 
the  year. 

Passiug  to  the  subject  of  electricity, 
it  is  with  pleasure  that  I  have  to  an- 
nounce the  failure  of  a  recent  attempt  to 
deprive  Oerstedt  of  his  great  discovery. 
It  is  gratifying  thus  to  find  high  reputa- 
tions vindicated,  and  names  which  all  men 
love  to  honor  transmitted  with  undimin- 
ished luster  to  prosterity.  At  a  former 
meeting  of  this  Association,  remarkable 
for  an  unusual  attendance  of  distinguish- 
ed foreigners,  the  central  figure  was 
Oerstedt.  On  that  occasion  Sir  John 
Herschel  in  glowing  language  compared 
Oerstedt's  discovery  to  the  blessed  dew 
of  heaven,  which  only  the  master-mind 
could  draw  down,  but  which  it  was  for 
others  to  turn  to  account,  and  use  for  the 
fertilization  of  the  earth.  To  Franklin, 
Yolta,  Coulomb,  Oerstedt,  Ampere, 
Faraday,  Seebeck,  and  Ohm  are  due  the 
fundamental  discoveries  of  modern  elec- 
tricity— a  science  whose  applications  in 
Davy's  hands  led  to  grander  results  than 
alchemist  ever  dreamed  of,  and  in  the 
hands  of  others — among  whom  Wheat- 
stone,  Morse,  and  Thomson  occupy  the 
I  foremost  place — to  the  marvels  of   the 
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electric  telegraph.  When  we  proceed 
from  the  actual  phenomena  of  electricity 
to  the  molecular  conditions  upon  which 
those  phenomena  depend,  we  are  con- 
fronted with  questions  as  recondite  as 
any  with  which  the  physicist  has  had  to 
deal,  but  towards  the  solution  of  which 
the  researches  of  Faraday  have  contrib- 
uted the  most  precious  materials.  The 
theory  of  electrical  and  magnetic  action 
occupied  formerly  the  powerful  minds 
of  Poisson,  Green,  and  Gauss  ;  and 
among  the  living  it  will  surely  not  be  in- 
vidious to  cite  the  names  of  Weber, 
Helmholtz,  Thomas,  and  Clerk  Maxwell. 
The  work  of  the  latter  on  electricity  is 
an  original  essay  worthy  in  every  way 
of  the  great  reputation  and  of  the  clear 
and  far-seeing  intellect  of  its  author. 
Among  recent  investigations  I  must  re- 
fer to  Professor  Tait's  discovery  of  con- 
secutive neutral  points  in  certain  ther- 
mo-electrical  junctions,  for  which  he  was 
lately  awarded  the  Keith  prize.  This 
discovery  has  been  the  result  of  an 
elaborate  investigation  of  the  properties 
of  thermo-electrical  currents,  and  is 
specially  interesting  in  reference  to  the 
theory  of  dynamical  electricity.  Nor 
can  I  omit  to  mention  the  very  interest- 
ing and  original  experiments  of  Dr.  Kerr 
on  the  dielectric  state,  from  which  it  ap- 
pears that  when  electricity  of  high  ten- 
sion is  passed  through  dielectrics,  a 
change  of  molecular  arrangement  occurs, 
slowly  in  the  case  of  solids,  quickly  in 
the  case  of  liquids,  and  that  the  lines  of 
electric  force  are  in  some  cases  lines  of 
compression,  in  other  cases  lines  of  ex- 
tension. 

Of  the  many  discoveries  in  physical 
science  due  to  Sir  William  Grove,  the 
earliest  and  not  the  least  important  is 
the  battery  which  bears  his  name,  and  is 
to  this  day  the  most  powerful  of  all 
voltaic  arrangements;  but  with  a  Grove's 
battery  of  fifty  or  even  100  cells  in  vigor- 
ous action,  the  spark  will  not  pass 
through  an  appreciable  distance  of  cold 
air.  By  using  a  very  large  number  of 
cells,  carefully  insulated  and  charged 
with  water,  Mr.  Gassiot  succeeded  in 
obtaining  a  short  spark  through  air ; 
and  lately  De  la  Rue  and  Miiller  have 
constructed  a  large  chloride  of  silver 
battery  giving  freely  sparks  through 
cold  air,  which,  when  a  column  of  pure 
water  is  interposed  in  the  circuit,  accu- 


rately resemble  those '  of  the  common 
electrical  machine.  The  length  of  the 
spark  increasing  nearly  as  the  square  of 
the  number  of  cells,  it  has  been  calculated 
that  with  100,000  elements  of  this  bat- 
tery the  discharge  should .  take  place 
through  a  distance  of  no  less  than  eight 
feet  in  air. 

In  the  solar  beam  we  have  an  agent  of 
surpassing  power,  the  investigation  of 
whose  properties  by  Newton  forms  an 
epoch  in  the  history  of  experimental 
science  scarcely  less  important  than  the 
discovery  of  the  law  of  gravitation  in  the 
history  of  physical  astronomy.  Three 
actions  characterize  the  solar  beam,  or, 
indeed,  more  or  less  that  of  any  lumi- 
nous body- — the  heating,  the  physiologi- 
cal, and  the  chemical.  In  the  ordinary 
solar  beam  we  can  modify  the  relative 
amount  of  these  actions  by  passing  it 
through  different  media,  and  we  can 
thus  have  luminous  rays  with  little  heat- 
ing or  little  chemical  action.  In  the 
case  of  the  moon's  rays  it  required  the 
highest  skill  on  the  part  of  Lord  Rosse, 
even  with  all  the  resources  of  the  ob- 
servatory at  Parsonstown,  to  investigate 
their  heating  properties,  and  to  show 
that  the  surface  of  our  satellite  facing 
the  earth  passes,  during  every  lunation, 
through  a  greater  range  of  temperature 
than  the  difference  between  the  freezing 
and  boiling  points  of  water.  But  if,  in- 
stead of  taking  an  ordinary  ray  of  light, 
we  analyse  it  as  Newton  did  by  the 
prism,  and  isolate  a  very  fine  line  of  the 
spectrum — theoretically  a  line  of  infinite 
tenuity — that  is  to  say,  if  we  take  a  ray 
of  definite  refrangibility,  it  will  be  found 
impossible  by  screens  or  otherwise  to 
alter  its  properties.  It  was  his  clear  per- 
ception of  the  truth  of  this  principle  that 
led  Stokes  to  his  great  discovery  of  the 
cause  of  epipolic  dispersion,  in  which  he 
showed  that  many  bodies  had  the  power 
of  absorbing  dark  rays  of  high  refrangi- 
bility and  of  emitting  them  as  luminous 
rays  of  lower  refrangibility — of  absorb- 
ing, in  short,  darkness,  and  of  emitting 
it  as  light.  It  is  not,  indeed,  an  easy 
matter  in  all  cases  to  say  whether  a 
given  effect  is  due  to  the  action  of  heat 
or  light;  and  the  question  which  of  these 
forces  is  the  efficient  agent  in  causing 
the  motion  of  the  tiny  discs  in  Crooke's 
radiometer  has  given  rise  to  a  good  deal 
of  discussion.     The  answer  to  this  ques- 
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tion  involves  the  same  principles  as  those 
by  which  the  image  traced  on  the  da- 
guerreotype plate,  or  the  decomposition 
of  carbonic  acid  by  the  leaves  of  plants, 
is  referred  to  the  action  of  light  and  not 
of  heat;  and  applying  these  principles  to 
the  experiments  made  with  the  radiom- 
eter, the  weight  of  evidence  appears  to 
be  in  favor  of  the  view  that  the  repul- 
sion of  the  blackened  surfaces  of  the 
discs  is  due  to  a  thermal  reaction  occur- 
ring in  a  highly  rarefied  medium.  I 
have  myself  had  the  pleasure  of  witness- 
ing many  of  Mr.  Crooke's  experiments, 
and  I  cannot  sufficiently  express  my  ad- 
miration of  the  care  and  skill  with  which 
he  has  pursued  this  investigation.  The 
remarkable  repulsions  he  has  observed  in 
the  most  perfect  vacua  hitherto  attained 
are  interesting,  not  only  as  having  led 
to  the  construction  of  a  beautiful  instru- 
ment, but  as  being  likely,  when  the  sub- 
ject is  fully  investigated,  to  give  valua- 
ble data  for  the  theory  of  molecular 
actions. 

Switzerland,  sent,  some  years  ago,  as 
its  representative  to  this  country,  the 
celebrated  De  la  Rive,  whose  scientific 
life  formed  lately  the  subject  of  an  elo- 
quent eloge  from  the  pen  of  M.  Dumas. 
On  this  occasion  we  have  to  welcome,  in 
General  Menabrea,  a  distinguished  rep-  j 
resentative  both  of  the  kingdom  of  Italy 
and  of  Italian  science.  His  great  work 
on  the  determination  of  the  pressures  j 
and  tensions  in  an  elastic  system  is  of 
too  abstruse  a  character  to  be  discussed; 
in  this  address;  but  the  principle  it  con- 
tains may  be  briefly  stated  in  the  follow- 
ing words : — "  When  any  elastic  system 
places  itself  in  equilibrium  under  the 
action  of  external  forces,  the  work  de- 
veloped by  the  internal  forces  is  a  mini- 
mum." General  Menabrea  has,  however, 
other  and  special  claims  upon  us  here,  as 
the  friend  to  whom  Babbage  entrusted 
the  task  of  making  known  to  the  world 
the  principles  of  his  analytical  machine 
— a  gigantic  conception,  the  effort  to 
realize  which  it  is  known  was  one  of  the 
chief  objects  of  Babbage's  later  life. 
The  latest  development  of  this  concep- 
tion is  to  be  found  in  the  mechanical  in- 
tegrator of  Prof.  J.  Thomson,  in  which 
motion  is  transmitted,*  according  to  a 
new  kinematic  principle,  from  a  disc  or 
cone  to  a  cylinder  through  the  interven- 
tion of.  a  loose  ball,  and  in  Sir  W.  Thom- 


son's machine  for  the  mechanical  integra- 
tion of  differential  equations  of  the 
second  order.  In  the  exquisite  tidal  ma- 
chine of  the  latter  we  have  an  instrument 
by  means  of  which  the  height  of  the 
tide  at  a  given  port  can  be  accurately 
predicted  for  all  times  of  the  day  and 
night.  The  attraction  meter  of  Siemens 
is  an  instrument  of  great  delicacy  for 
measuring  horizontal  attractions,  which 
it  is  proposed  to  use  for  recording  the  at- 
tractive influences  of  the  sun  and  moon, 
upon  which  the  tides  depend.  The 
bathometer  of  the  same  able  physicist  is 
another  remarkable* instrument,  in  which 
the  constant  force  of  a  sprlhg  is  opposed 
to  the  variable  pressure  of  a  column  of 
mercury.  By  an  easy  observation  of  the 
bathometer  on  shipboard,  the  depth  of 
the  sea  may  be  approximately  ascertain- 
ed without  the  use  of  a  sounding  line. 

The  Loan  Exhibition  of  apparatus  at 
Kensington  has  been  a  complete  success, 
and  cannot  fail  to  be  useful,  both  in  ex- 
tending a  knowledge  of  scientific  sub- 
jects and  in  promoting  scientific  research 
throughout  the  country.  Unique  in 
character,  but  most  interesting  and  in- 
structive, this  exhibition  will,  it  is  to  be 
hoped,  be  the  precursor  of  a  permanent 
museum  of  scientific  objects,  which,  like 
the  present  exhibition,  shall  be  a  record 
of  old,  as  well  as  a  representation  of  new 
inventions.  It  is  often  difficult  to  draw 
a  distinct  line  of  separation  between  the 
physical  and  chemical  sciences;  and  it  is 
perhaps  doubtful  whether  the  division  is 
not  really  an  artificial  one.  The  chemist 
cannot,  indeed,  make  any  large  advance 
without  having  to  deal  with  physical 
principles;  and  it  is  to  Boyle,  Dart  on, 
Gay-Lussac,  and  Graham  that  we  owe 
the  discovery  of  the  mechanical  laws 
which  govern  the  properties  of  gases  and 
vapors.  Some  of  these  laws  have  of  late 
been  made  the  subject  of  searching  in- 
quiry, whieh  has  fully  confirmed  their 
accuracy,  when  the  body  under  examina- 
tion approaches  to  what  has  not  inaptly 
been  designated  the  ideal  gaseous  state. 
But  when  gases  are  examined  under 
varied  conditions  of  pressure  and  tem- 
perature, it  is  found  that  these  laws  are 
only  particular  cases  of  more  general 
laws,  and  that  the  laws  of  the  gaseous 
state,  as  it  exists  in  nature,  although  they 
may  be  enunciated  in  a  precise  and  def- 
inite form,  are  very  different  from  the 
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simple  expressions  which  apply  to  the 
ideal  condition.  The  new  laws  become, 
in  their  turn,  inapplicable  when  from  the 
gaseous  state  proper  we  pass  to  those  in- 
termediate conditions  which,  it  has  been 
shown,  link  with  unbroken  continuity  the 
gaseous  and  liquid  states.  As  we  ap- 
proach the  liquid  state,  or  even  when  we 
reach  it,  the  problem  becomes  more  com- 
plicated; but  its  solution,  even  in  these 
cases,  will,  it  may  confidently  be  expect- 
ed, yield  to  the  powerful  means  of  inves- 
tigation we  now  possess.  Among  the 
more  important  researches  made  of  late 
in  physical  chemistry,  I  may  mention 
those  of  F.  T\ftber  on  the  specific  heat  of 
carbon  and  the  allied  elements,  of  Berthe- 
lot  on  thermo-chemistry,  of  Bunsen  on 
spectrum  analysis,  of  Wullner  on  the 
band  and  line-spectra  of  the  gases,  and 
of  Guthrie  on  the  cryohydrates. 

Cosmical  chemistry  is  a  science  of 
yesterday,  and  yet  it  already  abounds  in 
facts  of  *the  highest  interest.  Hydrogen, 
which,  if  the  absolute  zero  of  the  physi- 
cist does  not  bar  the  way,  we  may  hope 
yet  to  see  in  the  metallic  form,  appears 
to  be  everywhere  present  in  the  universe. 
It  exists  in  enormous  quantity  in  the 
solar  atmosphere,  and  it  has  been  dis 
covered  in  the  atmospheres  of  the  fixed 
stars.  It  is  present,  and  is  the  only 
known  element  of  whose  presence  we 
are  certain,  in  those  vast  sheets  of  ignited 
gas  of  which  the  nebulas  proper  are  com- 
posed. Nitrogen  is  also  widely  diffused 
among  the  stellar  bodies,  and  carbon  has 
been  discovered  in  more  than  one  of  the 
comets.  On  the  other  hand,  a  promi- 
nent line  in  the  spectrum  of  the  aurora 
borealis  has  not  been  identified  with  that 
of  any  known  element;  and  the  question 
may  be  asked — does  a  new  element,  in  a 
highly  rarefied  state,  exist  in  the  upper 
regions  of  our  atmosphere,  or  are  we, 
with  Angstrom,  to  attribute  this  line  to  a 
fluorescent  or  phosphorescent  light  pro- 
duced by  the  electrical  discharge  to  which 
the  aurora  is  due  ?  This  question  awaits 
further  observations  before  it  can  be 
definitely  settled,  as  does  also  that  of  the 
source  of  the  remarkable  green  line  which 
is  everywhere  conspicuous  in  the  solar 
corona. 

I  must  here  pause  for  a  moment  to  pay 
a  passing  tribute  to  the  memory  of  Ang- 
strom, whose  great  work  on  the  solar 
spectrum  will  always  remain  as  one  of 


the  finest  monuments  of  the  science  of 
our  period.  The  influence,  indeed, 
which  the  labors  of  Angstrom  and  of 
Kirchhoff  have  exerted  on  the  most  in- 
teresting portion  of  later  physics  can 
scarcely  be  exaggerated;  and  it  may  be 
truly  said  that  there  are  few  men  whose 
loss  will  be  longer  felt  or  more  deeply 
deplored  than  that  of  the  illustrious  as- 
tronomer of  Upsala.  I  cannot  pursue 
this  subject  further,  nor  refer  to  the 
other  terrestrial  elements  which  are 
present  in  the  solar  and  stellar  atmos- 
pheres. Among  the  many  elements 
that  make  up  the  ordinary  aerolite  not 
one  has  been  discovered  which  does  not 
occur  upon  this  earth.  On  the  whole, 
we  arrive  at  the  grand  conclusion  that 
this  mighty  universe  is  chiefly  built  up 
of  the  same  materials  as  the  globe  we 
inhabit.  In  the  application  of  science  to 
the  useful  purposes  of  life,  chemistry 
and  mechanics  have  run  an  honorable 
race.  It  was  in  the  valley  of  the  Clyde 
that  the  chief  industry  of  this  country 
received,  within  the  memory  of  many 
here  present,  an  extraordinary  impulse 
froni  the  application  by  Neilson  of  the 
hot  blasts  to  the  smelting  of  iron.  The 
Bessemer  steel  process  and  the  regenera- 
tive furnace  of  Siemens  are  later  appli- 
cations of  high  scientific  principles  to 
the  same  industry.  But  there  is  ample 
work  yet  to  be  done.  The  fuel  con- 
sumed in  the  manufacture  of  iron,  as, 
indeed,  in  every  furnace  where  coal  is 
used,  is  greatly  in  excess  of  what  theory 
indicates;  and  the  clouds  of  smoke  which 
darken  the  atmosphere  of  our  manufac- 
turing towns,  and  even  of  whole  districts 
of  country,  are  a  clear  indication  of  the 
waste,  but  only  of  a  small  portion  of  the 
waste,  arising  from  imperfect  combus- 
tion. The  depressing  effect  of  this  at- 
mosphere upon  the  working  population 
can  scarcely  be  overrated.  Their  pale, 
I  had  almost  said  etiolated,  faces  are  a 
sure  indication  of  the  absence  of  the 
vivifying  influence  of  the  solar  rays,  so 
essential  to  the  maintenance  of  vigorous 
health.  The  chemist  can  furnish  a  sim- 
ple test  of  this  state  of  the  atmosphere 
in  the  absence  of  ozone,  the  active  form 
of  oxygen,  from  the  air  of  our  large 
towns.  At  some  future  day  the  efforts 
of  science  to  isolate,  by  a  cheap  and 
available  process,  the  oxygen  of  the  air 
for  industrial  purposes  may  be  rewarded 
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with  success.  The  effect  of  such  a  dis- 
covery would  be  to  reduce  the  consump- 
tion of  fuel  to  a  fractional  part  of  its 
present  amount;  and  although  the  car- 
bonic acid  would  remain,  the  smoke  and 
carbonic  oxide  would  disappear.  But 
an  abundant  supply  of  pure  oxygen  is 
not  now  within  our  reach;  and  in  the 
mean  time  may  I  venture  to  suggest 
that  in  many  localities  the  waste  prod- 
ucts of  the  furnace  might  be  carried 
off  to  a  distance  from  the  busy  human 
hive  by  a  few  horizontal  flues  of  large 
dimensions,  terminating  in  lofty  chim- 
neys on  a  hill  side  or  distant  plain  ?  A 
system  of  this  kind  has  long  been  em- 
ployed at  the  mercurial  mines  of  Idria, 
and  in  other  smelting  works  where  noxi- 
ous vapors  are  disengaged.  With  a  lit- 
tle care  in  the  arrangements  the  smoke 
would  be  wholly  deposited,  as  flue-dust 
or  soot,  in  the  horizontal  galleries,  and 
would  be  available  for  the  use  of  the  ag- 
riculturist. The  future  historian  of  or- 
ganic chemistry  will  have  to  record  a 
succession  of  beneficent  triumphs,  in 
which  the  efforts  of  science  have  led  to 
results  of  the  highest  value  to  the  well- 
being  of  man.  The  discovery  of  quinine 
has  probably  saved  more  human  life, 
with  the  exception  of  that  of  vaccination, 
than  any  discovery  of  any  age;  and  he 
who  succeeds  in  devising  an  artificial 
method  of  preparing  it  will  be  truly  a 
benefactor  of  the  race.  Not  the  least 
valuable,  as  it  has  been  one  of  the  most 
successful,  of  the  works  of  our  Govern- 
ment in  India,  has  been  the  planting  of 
the  cinchona  tree  on  the  slopes  of  the 
Himalaya.  As  artificial  methods  are 
discovered,  one  by  one,  of  preparing  the 
proximate  principles  of  the  useful  dyes, 
a  temporary  derangement  of  industry 
occurs,  but  in  the  end  the  waste  mate- 
rials of  our  manufacturers  set  free  large 
portions  of  the  soil  for  the  production  of 
human  food. 

The  ravages  of  insects  have  ever  been 
the  terror  of  the  agriculturist,  and  the 
injury  they  inflict  is  ofter  incalculable. 
An  enemy  of  this  class,  carried  over 
from  America,  threatened  lately  with 
ruin  some  of  the  finest  vine  districts  in 
the  south  of  France.  The  occasion  has 
called  forth  a  chemist  of  high  renown; 
and,  in  a  classical  memoir  recently  pub- 
lished, M.  Dumas  appears  to  have  re- ' 
solved  the  difficult  problem.    His  method, ] 


although  immediately  applied  to  the 
Phylloxera  of  the  vine,  is  a  general  one, 
and  will  no  doubt  be  found  serviceable 
in  other  classes.  In  the  apterous  state 
the  Phylloxera  attacks  the  roots  of  the 
plant;  and  the  most  efficacious  method 
hitherto  known  of  destroying  it  is  to  in- 
undate the  vineyard.  After  a  long  and 
patient  investigation  M.  Dumas  has  dis- 
covered that  the  sulphocarbonate  of 
potassium  in  dilute  solution  fulfills  every 
condition  required  from  an  insecticide, 
destroying  the  insect  without  injuring 
the  plant.  The  process  requires  time 
and  patience;  but  the  trials  in  the  vine- 
yard have  fully  confirmed  the  experi- 
ments of  the  laboratory.  The  applica- 
tion of  artificial  cold  to  practical  pur- 
poses is  rapidly  extending;  and,  with  the 
improvement  of  the  ice  machine,  the  in- 
fluence of  this  agent  upon  our  supply  of 
animal  food  from  distant  countries  will 
undoubtedly  be  immense.  The  ice  ma- 
chine is  already  employed  in  paraffine 
works  and  in  large  breweries;  and  the 
curing  or  salting  of  meat  is  now  largely 
conducted  in  vast  chambers,  maintained 
throughout  the  summer  at  a  constant 
temperature  by  a  thick  covering  of  ice. 

I  have  now  completed  this  brief  re- 
view, rendered  difficult  by  the  abund- 
ance, not  by  the  lack  of  materials.  Even 
confining  our  attention  to  the  few 
branches  of  science  upon  which  I  have 
ventured  to  touch,  and  omitting  alto- 
gether the  whole  range  of  pure  chemis- 
try, it  is  with  regret  that  I  find  myself 
constrained  to  make  only  a  simple  refer- 
ence to  the  important  work  of  Caley  on 
the  Mathematical  Theory  of  Isomers, 
and  to  elaborate  memoirs  which  have 
recently  appeared  in  Germany  on  the  re- 
flection of  heat  and  light  rays,  and  on 
the  specific  heat  and  conducting  power 
of  gases  for  heat,  by  Knoblauch,  E. 
Wiedemann,  Winkelmann,  and  Buff. 
The  decline  of  science  in  England  form- 
ed the  theme,  fifty  years  ago,  of  an 
elaborate  essay  by  Babbage;  but  the 
brilliant  discoveries  of  Faraday  soon 
after  wiped  off  the  reproach.  I  will  not 
venture  to  say  that  the  alarm  which  has 
lately  risen,  here  and  elsewhere,  on  the 
same  subject  will  prove  to  be  equally 
groundless.  The  duration  of  every  great 
outburst  of  human  activity,  whether  in 
art,  in  literature,  or  in  science,  has  al- 
ways been  short,  and  experimental  sci- 
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ence  has  made  gigantic  advances  during 
the  last  three  centuries.  The  evidence 
of  any  great  failure  is  not,  however,  very 
manifest,  at  least  in  the  physical  sci- 
ences. The  journal  of  Poggendorff  which 
has  long  been  a  faithful  record  of  the 
progress  of  physical  research  throughout 
the  world,  shows  no  signs  of  flagging; 
and  the  Jubelband  by  which  Germany 
celebrated  the  fiftieth  year  of  Poggen- 
dorff's  invaluable  services  was  at  the 
same  time  an  ovation  to  a  scientific 
veteran,  who  has  perhaps  done  more 
than  any  man  living  to  encourage  the 
highest  forms  of  research,  and  a  proof 
that  in  Northern  Europe  the  physical 
sciences  continue  to  be  ably  and  actively 
cultivated. ,  If  in  chemistry  the  case  is 
somewhat  weaker,  the  explanation,  at 
least  in  this  country,  is  chiefly  to  be 
found  in  the  demand  on  the  part  of  the 
public  for  professional  aid  from  many  of 
our  ablest  chemists.  But  whatever  view 
be  taken  of  the  actual  condition  of 
scientific  research,  there  can  be  no  doubt 
that  it  is  both  the  duty  and  the  interest 
of  the  country  to  encourage  a  pursuit  so 
ennobling  in  itself,  and  fraught  with 
such  important  consequences  to  the  well 
being  of  the  community.  Nor  is  there 
any  question  in  which  this  Association, 
whose  special  aim  is  the  advancement  of 
science,  can  take  a  deeper  interest.  The 
public  mind  has  also  been  awakened  to 
its  importance,  and  is  prepared  to  aid  in 
carrying  out  any  proposal  which  offers 
a  reasonable  prospect  of  advantage.  In 
its  recent  phase  the  question  of  scientific 
research  has  been  mixed  up  with  con- 
taminated changes  in  the  great  universi- 
ties of  England,  and  particularly  in  the 
University  of  Oxford.  The  national  in- 
terests involved  on  all  sides  are  immense, 
and  a  false  step  once  taken  may  be  irre- 
trievable. It  is  with  diffidence  that  I 
now  refer  to  the  subject,  even  after 
having  given  to  it  the  most  anxious  and 
careful  consideration. 

A  university,  or  studium  generate 
ought  to  embrace  in  its  arrangements  the 
whole  circle  of  studies  which  involve  the 
material  interests  of  society,  as  well  as 
those  which  cultivate  intellectual  refine- 
ment. The  industries  of  the  country 
should  look  to  the  universities  for  the 
development  of  the  principles  of  applied 
as  well  as  of  abstract  science;  and  in 
this  respect  no  institutions  have  ever  had 


so  grand  a  possession  within  easy  reach 
as  have  the  universities  of  England  at 
this  conjuncture,  if  only  they  have  the 
courage  to  seize  it.  With  their  historic 
reputation,  their  collegiate  endowments, 
their  commanding  influence,  Oxford  and 
Cambridge  should  continue  to  be  all  they 
now  are;  but  they  should,  moreover,  at- 
tract to  their  lecture  halls  and  working 
cabinets  students  in  large  numbers  pre- 
paring for  the  higher  industrial  pursuits 
of  the  country.  The  great  physical 
laboratory  in  Cambridge,  founded  and 
equipped  by  the  noble  representative  of 
the  House  of  Cavendish,  has  in  this  re- 
spect a  peculiar  significance,  and  is  an 
important  step  in  the  direction  I  have 
indicated.  But  a  small  number  only  of 
those  for  whom  this  temple  of  science  is 
designed  are  now  to  be  found  in  Cam- 
bridge. It  remains  for  the  university  to 
perform  its  part,  and  to  widen  its  portals 
so  that  the  nation  at  large  may  reap  the 
advantage  of  this  well-timed  foundation. 
If  the  universities,  in  accordance  with 
the  spirit  of  their  statutes,  or  at  least  of 
ancient  usage,  would  demand  from  the 
candidates  for  some  of  the  higher  degrees 
proof  of  original  powers  of  investigation, 
they  would  give  an  important  stimulus 
to  the  cultivation  of  science.  The  ex- 
amples of  many  continental  universities, 
and  among  others  of  the  venerable  Uni- 
versity of  Ley  den,  may  here  be  mention- 
ed. Two  proof  essays  recently  written 
for  the  degree  of  Doctor  of  Science  in 
Leyden,  one  by  Van  der  Waals,  the 
other  by  Lorenz,  are  works  of  unusual 
merit;  and  another  pupil  of  Professor 
Rijke  is  now  engaged  iu  an  elaborate 
experimental  research  as  a  qualification 
for  the  same  degree.  The  endowment 
of  a  body  of  scientific  men  devoted  ex- 
clusively to  original ,  research,  without 
the  duty  of  teaching  or  other  occupation, 
has  of  late  been  strongly  advocated  in 
this  country;  and  M.  Fremy  has  given 
the  weight  of  his  high  authority  to  a 
somewhat  similar  proposal  for  the  en- 
couragement of  research  in  France.  I 
will  not  attempt  to  discuss  the  subject 
as  a  national  question,  the  more  so  as 
after  having  given  the  proposal  the  most 
careful  consideration  in  my  power,  and 
turned  it  round  on  every  side,  I  have 
failed  to  discover  how  it  could  be  worked 
so  as  to  secure  the  end  in  view.  But 
whatever  may  be  said  in  favor  of  the 
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endowment  of  pure  research  as  a  national 
question,  the  universities  ought  surely 
never  to  be  asked  to  give  their  aid  to  a 
measure  which  would  separate  the  higher 
intellects  of  the  country  from  the  flower 
of  its  youth.  It  is  only  through  the 
influence  of  original  minds  that  any 
great  or  enduring  impression  can  be  prod- 
uced on^he  hopeful  student.  Without 
origin al  power,  and  the  habit  of  exer- 
cising it,  you  may  have  an  able  instruct- 
or, but  you  cannot  have  a  great  teacher. 
No  man  can  be  expected  to  train  others 
in  habits  of  observation  and  thought  he 
has  never  acquired  himself.  In  every 
age  of  the  world  the  great  schools  of 
learning  have,  as  in  Athens  of  old,  gath- 
ered around  great  and  original  minds, 
and  never  more  conspicuously  than  in 
the  modern  schools  of  chemistry,  which 
reflected  the  genius  of  Liebig,  Wohler, 
Bunsen,  and  Hofmann.  These  schools 
have  been  nurseries  of  original  research 
as  well  as  models  of  scientific  teaching; 
and  students  attracted  to  them  from  all 
countries  became  enthusiastically  devoted 
tu  science,  while  they  learned  its  methods 
from  example  even  more  than  from  pre- 
cept. Will  any  one  have  the  courage  to 
assert  that  organic  chemistry,  with  its 
many  applications  to  the  uses  of  man- 
kind, would  have  made  in  a  few  short 
years  the  marvellous  strides  it  has  done, 
if  science,  now  as  in  mediaeval  times,  had 
pursued  her  work  in  strict  seclusion, 

Semota  ab  nostris  rebus,  seiunctaque  longe, 
Ipsa  suis  pollens  opibus,  nil  indiga  nostri"? 

But  while  the  universities  ought  not  to 
apply  their  resources  in  support  of  a 
measure  which  would  render  their  teach- 
ing ineffective,  and  would  at  the  same 
time  dry  up  the  springs  of  intellectual 
growth,  they  ought  to  admit  freely  to 
university  positions  men  of  high  repute 
from  other  universities,  and  even  without 
academic  qualifications.  An  honorary 
degree  does  not  necessarily  imply  a  uni- 
versity education;  but  if  it  have  any 
meaning  at  all,  it  implies  that  he  who' 
has  obtained  it  is  at  least  on  a  level  with 
the  ordinary  graduate,  and  should  be 
eligible  to  university  positions  of  the 
highest  trust. 

Not  less  important  would  it  be  for  the 
encouragement  of  learning  throughout 
the  country  that  the  English  universities, 
remembering  that  they  were  founded  for 
the   same  objects,  and   derive  their  au- 


thority from  a  common  source,  should  be 
prepared  to  recognize  the  ancient  uni- 
versities of  Scotland  as  freely  as  they 
have  always  recognized  the  Elizabethan 
University  of  Dublin.  Such  a  measure 
would  invigorate  the  whole  university 
system  of  the  country  more  than  any 
other  I  can  think  of.  It  would  lead  to 
the  strengthening  of  the  literary  element 
in  the  northern,  and  of  the  practical  ele- 
ment in  the  southern  universities,  and  it 
would  bring  the  highest  teaching  of  the 
country  everywhere  more  fully  into  har- 
|  mony  with  the  requirements  of  the  times 
I  in  which  we  live.  As  an  indirect  result, 
it  could  not  fail  to  give  a  powerful 
[  impulse  to  literary  pursuits  as  well  as 
|  to  scientific  investigations.  Professors 
would  be  promoted  from  smaller  posi- 
tions in  one  university  to  higher  positions 
in  another,  after  they  had  given  proofs 
of  industry  and  ability;  and  stagnation, 
hurtful  alike  to  professorial  and  profes- 
sional life,  would  be  effectually  prevent- 
ed. If  this  union  were  established  among 
the  old  universities,  and  if  at  the  same 
time  a  new  university,  as  I  myself  ten 
years  ago  earnestly  proposed,  were 
founded  on  sound  principles  amidst  the 
great  populations  of  Lancashire  and 
Yorkshire,  the  university  system  of  the 
country  would  gradually  receive  a  large 
and  useful  extension,  and,  without  losing 
any  of  its  present  valuable  characteris- 
tics, would  become  more  intimately  re- 
lated than  hitherto  with  those  great  in- 
dustries upon  which  mainly  depend  the 
strength  and  wealth  of  the  nation.  It 
may,  perhaps,  appear  to  many  a  para- 
doxical assertion  to  maintain  that  the  in- 
dustries of  the  country  should  look  to 
the  calm  and  serene  regions  of  Oxford 
and  Cambridge  for  help  in  the  troublous 
times  of  which  we  have  now  a  sharp  and 
severe  note  of  warning.  But  I  have  not 
spoken  on  light  grounds,  nor  without 
due  consideration.  If  Great  Britain  is 
to  retain  the  commanding  position  she  has 
so  long  occupied  in  skilled  manufacture, 
the  easy  ways  which,  owing  partly  to 
the  high  qualities  of  her  people,  partly 
to  the  advantages  of  her  insular  position 
and  mineral  wealth,  have  sufficed  for 
the  past,  will  not  be  found  to  suffice  for 
the  future.  The  highest  training  which 
can  be  brought  to  bear  on  practical  sci- 
ence will  be  imperatively  required;  and 
it  will  be  a  fatal  policy  if  that  training 
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is  to  be  sought  for  in  foreign  lands,  be- 
cause it  cannot  be  obtained  at  home. 
The  country  which  depends  unduly  on 
the  stranger  for  the  education  of  its 
skilled  men,  or  neglects  in  its  highest 
places  this  primary  duty,  may  expect  to 
find  the  demand  for  such  skill  gradually 
to  pass  away,  and  along  with  it  the  in- 
dustry for  which  it  was  wanted.  I  do 
not  claim  for  scientific  education  more 
than  it  will  accomplish,  nor  can  it  ever 
replace  the  after-training  of  the  work- 
shop or  factory.  Rare  and  powerful 
minds  have,  it  is  true,  often  been  inde- 
pendent of  it;  but  high  education  always 
gives  an  enormous  advantage  to  the 
country  where  it  prevails.  Let  no  one 
suppose  I  am  now  referring  to  elemen- 
tary instruction,  and  much  less  to  the 
active  work  which  is  now  going  on 
everywhere  around  us,  in  preparing  for 
examinations  of  all  kinds.  These  things 
are  all  very  useful  in  their  way;  but  it  is 
not  by  them  alone  that  the  practical  arts 
are  to  be  sustained  in  the  country.  It 
is  by  education  in  its  highest  sense, 
based  on  a  broad  scientific  foundation, 
and  leading  to  the  application  of  science 
to  practical  purposes — in  itself  one  of 
the  noblest  pursuits  of  the  human  mind 
— that  this  result  is  to  be  reached.  That 
education  of  this  kind  can  be  most 
effectively  given  in  a  university,  or  in  an 
institution  like  the  Polytechnic  School  of 
Zurich,  which  differs  from  the  scientific 
side  of  a  university  only  in  name,  and 
to  a  large  extent  supplements  the  teachT 
ing  of  an  actual  university,  I  am  firmly  con- 
vinced ;  and  for  this  reason,  among  others, 
I  have  always  deemed  the  establishment 
in  this  country  of  examining  boards 
with  the  power  of  granting  degrees,  but 
with  none  of  the  higher  and  more  im- 
portant functions  of  a  university,  to  have 
been  a  measure  of  questionable  utility. 
It  is  to  Oxford  and  Cambridge,  widely 
extended  as  they  can  readily  be,  that 
the  country  should  chiefly  look  for  the 
development  of  practical  science;  they 
have  abundant  resources  for  the  task; 
and  if  they  wish  to  secure  and  strength- 
en their  lofty  position,  they  can  do  it  in 
no  way  so  effectually  as  by  showing  that 
in  a  green  old  age  they  preserve  the 
vigor  and  elasticity  of  youth. 

If  any  are  disposed  to  think  that  I 
have  been  carrying  this  meeting  into 
dream-land,  let  them  pause  and  listen  to 


the  result  of  similar  efforts  to  those  I 
have  been  advocating,  undertaken  by  a 
neighboring  country  when  on  the  verge 
of  ruin,  and  steadily  pursued  by  the 
same  country  in  the  climax  of  its  pros- 
perity. "  The  University  of  Berlin," 
to  use  the  words  of  Hofmann,  "  like  her 
sister  of  Bonn,  is  a  creation  of  our  cen- 
tury. It  was  founded  in  the  y^ar  1810, 
at  a  period  when  the  pressure  of  foreign 
domination  weighed  almost  insupporta- 
bly  on  Prussia;  and  it  will  ever  remain 
significant  of  the  direction  of  the  Ger- 
man mind  that  the  great  men  of  that 
time  should  have  hoped  to  develope,  by 
high  intellectual  training,  the  forces 
necessary  for  the  regeneration  of  their 
country."  It  is  not  for  me,  especially 
in  this  place,  to  dwell  upon  the  great 
strides  which  Northern  Germany  has 
made  of  late  years  in  some  of  the  largest 
branches  of  industry,  and  particularly 
in  those  which  give  a  free  scope  for  the 
application  of  scientific  skill.  •  "  Let  us 
not  suppose,"  says  M.  Wurtz,  in  his 
recent  report  on  the  artificial  dyes, 
"  that  the  distance  is  so  great  between 
theory  and  its  industrial  applications. 
This  report  would  have  been  written  in 
vain,  if  it  had  not  brought  clearly  into 
view  the  immense  influence  of  pure  sci- 
ence upon  the  progress  of  industry.  If 
unfortunately  the  sacred  flame  of  science 
should  burn  dimly  or  be  extinguished, 
the  practical  arts  would  soon  fall  into 
rapid  decay.  The  outlay  which  is  in- 
curred by  any  country  for  the  promotion 
of  science  and  of  high  instruction  will 
yield  a  certain  return;  and  Germany  has 
not  had  long  to  wait  for  the  ingathering 
of  the  fruits  of  her  far-sighted  policy. 
Thirty  or  forty  years  ago,  industry 
could  scarcely  be  said  to  exist  there;  it 
is  now  widely  spread  and  successful." 
As  an  illustration  of  the  truths  of  these 
remarks,  I  may  refer  to  the  newest  of 
European  industries,  but  one  which  in  a 
short  space  of  time  has  attained  consid- 
erable magnitude.  It  appears — and  I 
make  the  statement  on  the  authority  of 
M.  Wurtz — that  the  artificial  dyes  pro- 
duced last  year  in  Germany  exceeded  in 
value  those  of  all  the  rest  of  Europe,  in- 
cluding England  and  France.  Yet 
Germany  has  no  special  advantage  for 
this  manufacture  except  the  training  of 
her  practical  chemists.  We  are  not,  it 
is  true,  to  attach  undue  importance  to  a 
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single  case;  but  the  rapid  growth  of 
other  and  larger  industries  points  in  the 
same  direction,  and  will,  I  trust,  secure 
some  consideration  for  the  suggestions  I 
have  ventured  to  make. 

The  intimate  relations  which  exist  be- 
tween abstract  science  and  its  applications 
to  the  uses  of  life  have  always  been  kept 
steadily  in  view  by  this  Association,  and 
the  valuable  reports,  which  are  a  monu- 
ment to  the  industry  and  zeal  of  its 
members,  embrace  every  part  of  the  do- 
main of  science.  It  is  with  the  greatest 
confidence,  therefore,  that  I  have  ven- 
tured to  suggest  from  this  chair  that  no 
partition  wall  should  anywhere  be  raised 
up  between  pure  and  applied  science. 
The  same  sentiment  animates  our  vigor- 
ous ally,  the  French  Association  for  the 
Advancement  of  Science,  which,  rivaling 
as  it  always  does  this  Association  in  the 
high  scientific  character  of  its  proceed- 
ings, bids  fair  in  a  few  years  to  call  forth 
the  same  interest  in  science  and  its  results, 
throughout  the  great  provincial  towns 
of  France,  which  the  British  Association 
may  justly  claim  to  have  already  effected 
in  this  country.  No  better  proof  can  be 
given  of  the  wide  base  upon  which  the 
French  Association  rests,  than  the  fact 
that  it  was  presided  over  last  year  by  an 
able  representative  of  commerce  and  in- 
dustry, and  this  year  by  one  who  has 
long  held  an  exalted  position  in  the  world 
of  science,  and  has  now  the  rare  distinc- 
tion of  representing  in  her  historic 
Academies  the  literature  as  well  as  the 
science  of  France. 

Whatever  be  the  result  of  our  efforts 
to  advance  science  and  industry,  it  re- 
quires no  gift  of  prophecy  to  declare 
that  the  boundless  resources  which  the 
Supreme  Author  and  Upholder  of  the 
universe  has  provided  for  the  use  of  man 


will,  as  time  rolls  on,  be  more  and  more 
fully  applied  to  the  improvement  of  the 
physical  and,  through  the  improvement 
of  the  physical,  to  the  elevation  of  the 
moral  condition  of  the  human  family. 
Unless,  however,  the  history  of  the  future 
of  our  race  be  wholly  at  variance  with 
the  history  of  the  past,  the  progress  of 
mankind  will  be  .marked  by  alternative 
periods  of  activity  and  repose;  nor  will 
it  be  the  work  of  any  one  nation  or  of 
any  one  race.  To  the  erection  of  the 
edifice  of  civilized  life,  as  it  now  exists, 
all  the  higher  races  of  the  world  have 
contributed;  and  if  the  balance  were 
accurately  struck,  the  claims  of  Asia  for 
her  portion  of  the  work  would  be  im- 
1  mense,  and  those  of  Northern  Africa  not 
insignificant.  Steam-power  has  of  late 
years  produced  greater  changes  than 
probably  ever  occurred  before  in  so  short 
a  time.  But  the  resources  of  Nature  are 
not  confined  to  steam,  nor  to  the  com- 
bustion of  coal.  The  steady  water-wheel 
and  the  rapid  turbine  are  more  perfect 
machines  than  the  stationary  steam  en- 
gine; and  glacier-fed  rivers  with  natural 
,  reservoirs,  if  fully  turned  to  account, 
I  would  supply  an  unlimited  and  nearly 
I  constant  source  of  power  depending 
\  solely  for  its  continuance  upon  solar 
j  heat.  But  no  immediate  dislocation  of 
]  industry  is  to  be  feared,  although  the 
turbine  is  already  at  work  on  the  Rhine 
and  the  Rhone.  In  the  struggle  to 
maintain  their  high  position  in  science 
and  its  applications,  the  countrymen  of 
Newton  and  Watt  will  have  no  ground 
for  alarm  so  long  as  they  hold  fast  to 
their  old  traditions,  and  remember  that 
the  greatest  nations  have  fallen  when 
they  relaxed  in  those  habits  of  intelligent 
and  steady  industry  upon  which  all  per- 
manent success  depends. 


NOTE  ON  THE  CONTINUOUS  GIRDER  DISCUSSION. 

Bt  MANSFIELD  MEKRIMAN,  C.  E.,  Ph.  D.,  Instructor  in  Civil  Engineering  in  the  Sheffield  Scientific  School. 
Written  for  Van  Nostrand's  Engineering  Magazine. 


In  the  August  and  September  num- 
bers of  this  Magazine  we  presented  a 
paper  on  the  theory  of  flexure  as  applied 
to  continuous  girders,  reduced  to  a  few 
simple  formulae  the  determination  of 
the  moments  and  shears  due  to  any  as- 


signed loads,  and  illustrated  a  simple 
method  for  the  calculation  of  strains. 
While  writing  those  articles,  there  ap- 
peared in  the  Journal  of  the  American 
Society  of  Civil  Engineers  a  paper 
which   strongly    and   ably  opposed   the 
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present  received  theory  of  flexure,  and 
particularly  its  application  to  the  design- 
ing of  continuous  structures,  and,  as 
some  of  its  deductions  seemed  to  us  to 
be  founded  in  error,  we  took  up  inci- 
dentally a  few  of  the  arguments  there 
advanced,  and  pointed  out  the  defects 
of  the  reasoning  involved.  For  example, 
we  read  on  page  156  :  "if  engineers  as- 
sert that  the  deflections  of  their  bridges 
agree  with  their  calculations,  either  the 
first  were  erroneously  calculated,  or  the 
second  not  well  observed;"  and  again, 
on  page  161:  "the  hypothesis  of  a  con- 
stant modulus  of  elasticity  of  the  mate- 
rial of  a  bridge  being  unfounded,  the , 
theory  built  on  such  hypothesis  should  j 
be  abandoned."  Now,  holding  as  we 
do,  that  the  theory  of  flexure  is  of  so 
great  value  that  it  cannot  be  abandoned 
until  something  better  shall  be  furnished 
to  take  its  place,  we  felt  it  our  duty  to 
analyze  the  reasoning  which  led  to  such 
extreme  opinions,  and  to  set  forth  in  a 
clear  light  its  hollow  inconsistency  and 
its  utter  worthlessness. 

In  our  discussion  of  these  points  we 
were   actuated  only  by  a  desire  to  help 
advance,  in  our  humble  way,  the  inter- 
ests of  engineering  science;    we  had  no 
thought  of  opposing,  for  the  sake  of  op- 
position, the  opinions  of  others,  and  least 
of  all  did  we  dream  of  invoking  a  per- 
sonal   controversy.      And   in   the    same 
spirit  we  pen  this  note  as  a  supplement 
to  our  paper,  and  as  a  reply  to  an  article 
in  the  last  number  of  this  Magazine,  en- ! 
titled    "  The    Continuous   Girder   Ques-  \ 
tion."     Although  this  article,  forgetful  l 
of    the  rules   of    literary   discussion,  in- ; 
•dulges  in  personal  innuendoes  of  a  vitu-  j 
perative  and  slanderous  nature,  we  shall  j 
overlook  them  in  silence  as  not  a  matter  ; 
of  public  interest,  and  leaving  them  to  j 
rebound,     boomerang     like,    upon     the 
source  from  whence  they  came,  we  shall 
confine  ourselves  strictly  to  the  scientific 
questions  at  issue. 

First,  we  have  to  correct  an  error  con- 
tained in  a  passage  on  page  153  of  our 
paper,  where  we  said  :  "  It  is  capable  of 
demonstration  that  for  girders  subjected 
only  to  dead  load,  the  total  amount  of 
strain  in  the  webbing  will  be  the  same 
for  simple  as  for  continuous  trusses." 
This  is  not  accurate,  for  a  slight  differ- 
ence usually  exists,  and  the  excess  is  al- 
ways on  the  side  of  the  continuous  gir- 


der. For  three  equal  continuous  spans, 
this  excess  is  theoretically  2.7  per  cent.; 
the  corresponding  deficiency  in  chord 
strain  is,  however,  45.7  per  cent.,  show- 
ing a  total  gain  of  43  per  cent,  for  the 
continuous  beam.  The  following  table 
shows  the  theoretical  percentages  for 
seven  equal  spans,  the  first  containing 
the  losses  in  the  web,  and  the  second 
the  gain  in  the  chords  of  the  continuous 
compared  with  the  simple  system,  dead 
load  being  alone  considered : 


Web. 


End  span. .  . 
2d  "  .... 
3d        "    .... 

4th      "    .... 

All  7  spans, 


0.5 
0.3 
0.02 
0. 


0.24 


Chords. 


38.5 
61.9 
60.8 
61.7 


54.85 


So  that  the  total  gain  is  about  54  per 
cent.  By  slightly  decreasing  the  length 
of  the  end  spans  relatively  to  the  others, 
the  continuous  girder  becomes  even 
more  economical  as  far  as  dead  load  is 
concerned.  These  figures  are,  of  course, 
materially  altered  by  the  strains  due  to 
the  live  load. 

In  our  paper,  near  the  bottom  of  page 
148,  wl9  is  inadvertently  printed,  instead 
of  wP;  and  near  the  top  of  page  156, 
EI  occurs  instead  of  6  EI.  These  and 
one  or  two  other  misprints  of  less  im- 
portance are  corrected  in  the  re-issue, 
which  forms  No.  25  of  Van  N^ostrancVs 
Science  Series. 

We  come  now  to  speak  of  the  article 
on  "The  Continuous  Girder  Question." 
First  we  shall  examine  one  or  two  spe- 
cific points,  and  secondly  treat  of  the 
general  question  at  issue.  Our  remarks 
shall  be  brief. 

On  pages  292-293  of  that  article  we 
read  :  "I  do  not  advise  'to  abandon  the 
theory  of  flexure,'  and  therefore  I  am 
not  inconsistent  if  I  apply  it  towards 
calculating  the  moduli  from  experiments 
on  flexure.  There  is  no  passage  of  this 
kind  in  any  of  the  papers  written  by 
me."  Let  this  be  compared  with  the 
quotations  in  our  opening  paragraph, 
which  distinctly  assert  that  "the  theory- 
should  be  abandoned,"  and  in  connection 
with  our  exposure  of  how  that  reasoning 
goes  round  in  a  circle,  the  situation  be- 
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comes  not  merely  interesting  but  ludi- 
crous. 

On  page  293  we  read  :  "And  this,  my 
conclusion,  is  justified,  because  these 
structures  are  not  any  more,  and  even 
less,  economical  as  regards  quantity  of 
material,  and  in  regard  to  quality  are  de- 
cidedly inferior  to  single  span  bridges  of 
proper  proportions  and  details."  This 
sentence,  in  which  the  italics  are  not 
ours,  forms  a  paragraph  by  itself,  and  in 
the  one  immediately  preceding  is  the 
conclusion  referred  to, viz. :  "that  prac- 
tical bridgemen  who  have  not  yet  studied 
deeply  the  subject  of  continuous  bridges, 
need  not  regard  them  seriously."  By 
such  logic  as  this  is  the  engineering  pro- 
fession asked  to  decide  the  question 
under  discussion  ! 

The  algebraical  deduction  on  page  299 
contains  a  petitio  principii  of  a  more 
subtle  character.  But  by  substituting 
"  practically  we  have,  d=  12  millimeters," 
for  "practically  we  do  receive,  E.I.^ 
^A^x^  —  Px^  —  etc.,"  it  becomes  evi- 
dent, and  renders  what  follows  of  slight 
value.  And  even  if  this  be  granted,  it 
must  be  proved,  and  not  assumed,  that 
the  slight  variations  of  I  and  p,  which 
scarcely  influence  the  reaction,  do  not 
affect  the  far  more  delicate  deflection. 

We  pass  to  the  more  general  question 
under  discussion,  which  may  be  thus 
stated  :  Is  it  expedient  to  construct 
continuous  bridges,  and  if  so,  are  they 
more  economical  than  single  spans?  The 
position  advanced  in  our  previous  paper, 
and  which  we  still  maintain  is,  that  this 
question  is  not  yet  decided,  and  that  it 
cannot  be  settled  by  theory,  but  only  by 
actual  trial  ;  and  since  common  sense, 
founded  on  experience,  teaches  us  that  a 
long  continuous  beam  is  better  than  sev- 
eral short  single  ones,  and  since  the 
theory  of  flexure  (often  verified  by  ex- 
periment, and  accepted  by  all  scientists 
as  a  good  working  theory)  indicates  a 
large  saving  by  the  use  of  the  continuous 
truss,  that  therefore  it  is  well  worth  the 
while  now  and  then  to  try.  The  position 
of  the  articles  on  the  other  side  is,  that 
the  theory  is  a  dangerous  thing,  that  the 
question  is  already  settled,  and  "that 
continuous  girders  are  inferior  to  single 
spans  in  every  respect  "  (page  292). 

Concerning  the  amount  of  material 
saved  by  the  use  of  the  continuous  truss, 


there  is  a  wide  diversity  of  opinion.  In 
our  paper,  we  have  stated  the  theoretical 
percentage  at  from  twenty  to  forty  per 
cent.,  varying  with  the  lengths  of  spans, 
form  and  height  of  truss,  and  ratio  of 
live  to  dead  load.  We  have  granted 
that  some  of  this  must  be  deducted  for 
increased  difficulties  of  erection,  extra 
care  in  workmanship,  etc.,  but  we  further 
say  (page  260)  :  "How  much  of  this 
must  be  deducted  [for  these  causes]  can 
only  be  determined  by  the  actual  erec- 
tion of  continuous  bridges,  by  experi- 
ments extending  through  a  long  series 
of  years."  Other  writers  place  this 
theoretical  percentage  of  gain  at  higher 
figures.  For  instance,  DuBois  gives 
thirty  to  fifty  per  cent,  for  long  spans 
{Elements  of  Graphical  Statics,  p.  376); 
Weyrauch  claims  from  twenty-five  to 
fifty  per  cent.  (Theorie  der  Trager,  p. 
155);  while  Culmann  finds  even  greater 
economy  {Die  graphische  Statik,  p.  540). 
Some  writers  give  estimates  of  the  actual 
saving,  but  with  this,  as  we  have  said, 
theory  cannot  deal,  and,  in  fact,  we  find 
wide  variations  in  such  estimates.  While 
a  standard  writer  like  Winkler  regards 
the  actual  saving  in  the  trusses  at  from 
twenty-two  to  twenty-seven  per  cent,  for 
spans  of  from  three  to  five  hundred  feet, 
the  opponents  of  the  system  allow  no 
percentage,  and  claim  that  in  practice  it 
becomes  negative. 

We  regard,  then,  the  continuous  gir- 
der discussion  not  as  settled,  but  as  open 
to  much  further  careful  inquiry  and  ex- 
periment. If  the  experience  thus  far  of 
Germany  or  France  or  Austria  had 
shown  that  "  Continuous  girders  are  in- 
ferior to  single  spans  in  every  respect," 
we  should  be  the  last  to  suggest  their 
trial  elsewhere.  But  even  there  the  dis- 
cussion is  rife,  and  both  kinds  of  bridges 
are  still  built.  Our  interest  in  the  mat- 
ter is  purely  scientific,  and  whatever  be 
the  final  decision,  we  shall  accept  it  glad- 
ly. If  in  time  it  be  demonstrated  from 
these  and  other  experiments  that  in 
some  cases  continuous  girders  are  the 
best,  we  shall  be  glad;  if  it  be  demon- 
strated that  they  are  in  no  case  the  best, 
we  shall  also  be  glad, — for  in  either 
event  will  engineering  science  and  engi- 
neering art  be  placed  upon  a  firmer 
foundation  than  they  now  occupy. 

There  is  a  personal  paragraph  on  page 
300  of  the  last  number  of  this  Magazine, 
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to  which  a  feeling  of  literary  pride  com- 
pels us  to  allude.  It  is  there  charged 
that  the  formulae  and  methods  of  our 
paper,  by  which  the  investigation  of  con- 
tinuous girders  is  so  much  facilitated, 
have  been  "  simply  compiled  from  the 
myriad  of  books  and  articles  on  con- 
tinuity;" in  other  words,  have  been 
stolen.  This  serious  charge  we  meet  by 
a  prompt  denial.  The  triangles  on  pages 
148-149  of  our  paper,  the  formulae  (I), 
(II)  and  (III),  on  pages  194-195,  and 
their  application  to  the  determination  of 
strains  by  the  methods  of  pages  198-201 


in   the   Jour.   Franklin 
pp.   206-215,  255-268, 


were  worked  out  by  us  alone  in  1874, 
and,  with  other  valuable  matter,  publish- 
ed in  this  Engineering  Magazine,  vol. 
13,  pp.  65-73 
Inst,  iii,  vol.  ( 

and  in  the  London  Phil.  Mag.,  iv,  vol. 
50,  pp.  179-191;  and  have  since  been 
quoted  and  referred  to  by  other  writers. 
If  these  triangles  and  their  law  of  forma- 
tion, or  these  formulae  and  their  method 
of  application,  can  be  pointed  out  in  any 
earlier  publication,  no  one  shall  be  more 
ready  than  we  to  give  due  credit  to  the 
first  discoverer. 


ON  THE  USE  OF  WOOD,  SAWDUST,  AND  PEAT  AS  FUEL  IN 
RE-HEATING  FURNACES. 

By  RICHARD  AKERMAN,  of  the  Stockholm  School  of  Mines. 
From  "The  Engineer." 


When  fuel  containing  water  is  burned, 
the  water  may  simply  be  converted  into 
vapor  or  it  may  be  decomposed  by  the 
red-hot  carbon,  hydrogen  and  carbonic 
oxide  being  simultaneously  formed.  If 
we  suppose  the  fuel  to  have  a  tempera- 
ture of  five  degrees  C,  which  nearly 
corresponds  to  the  mean  temperature 
of  middle  Sweden,  for  every  weight 
unit  of  water  which  is  vaporized  from 
the  fuel  95  +  536  =  631  heat  units  are  re- 
quired, to  which  has  to  be  added  the 
heat  abstracted  from  the  furnace  by  its 
being  heated  above  100  deg.  C.  But  as 
this  naturally  depends  on  the  tempera- 
ture at  which  the  gases  escape  from  the 
furnace,  it  must  be  very  different  in  the 
case  of  different  furnaces,  which  is  even 
true  if  we  confine  ourselves  to  re-heating 
furnaces,  as  is  our  intention  for  the 
present. 

In  order  to  estimate  properly  the 
quantity  of  heat  lost  with  the  watery 
vapor,  it  is  necessary  in  the  case  of  such 
furnaces  to  ascertain  both  the  tempera- 
ture which  such  gases  have  when  they 
pass  out  of  the  generator,  and  that  of 
the  products  of  combustion  when  they 
leave  the  furnace  itself.  The  tempera- 
ture of  the  gases  as  they  pass  out  of  the 
fireplace  or  generator  is,  however,  so 
variable,  according  as  both  different 
kinds  of  fuel  and  differently  constructed 


generators  are  employed,  that  it  may, 
perhaps,  be  considered  impossible  to 
arrive  at  any  average  temperature. 
Neither  is  it  of  any  great  importance  for 
the  object  we  have  in  view  in  this  paper, 
on  which  account  we  shall  confine  our- 
selves to  the  temperature  at  which  the 
products  of  combustion  leave  the  furnace 
itself.  This  perhaps  in  our  common 
"Koltorn"  re-heating  furnaces  with  a 
moderate  heating  space,  may  be  taken 
at  about  600  deg.  C,  and  as  the  specific 
heat  of  watery  vapor  may  be  taken  at 
0.475,  there  is  abstracted  from  the  fur- 
nace with  every  weight  unit  of  steam 
which  is  to  found  among  the  products  of 
combustion  not  only  the  631  heat  units 
mentioned  above,  but  also  600X0.575  = 
284  heat  units  in  addition. 

Besides  this  true  loss  of  heat  of  about 
900  heat  units  for  every  weight  unit  of 
water,  the  presence  of  watery  vapor  in 
the  gases  is  attended  with  the  serious  in- 
convenience that,  as  its  specific  heat  is 
nearly  double  that  of  the  other  gases, 
the  temperature  of  combustion  is  lower- 
ed in  consequence  of  its  presence,  farther 
than  is  due  merely  to  the  consumption 
of  heat  occasioned  by  the  production  of 
steam.  Finally,  the  presence  of  watery 
vapor  in  a  re-heating  furnace  is  un- 
desirable, because  it  has  an  oxyclizing 
action  on  the  iron,  the  waste  of  which  is, 
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therefore,  increased  by  it.  The  reasons 
why  it  is  necessary  to  adopt  the  Siemens- 
Lundin  principle  when  a  very  high  tem- 
perature is  desired,  and  even  desirable 
when  a  comparatively  moderate  tempera- 
ture is  to  be  attained,  are  evident.  For 
both  the  last-named  inconveniences 
which  attend  the  presence  of  watery 
vapor  entirely  disappear  in  this  way, 
when  it  is  removed  before  the  gases  are 
led  into  the  furnace,  and  even  the  loss 
of  heat  caused  by  the  overheating  of  the 
steam  may  in  this  case  be  reduced  to 
nothing;  for  if  the  gases  before  they 
leave  the  generator  are  made  to  pass 
through  a  sufficiently  deep  layer  of  fuel, 
their  temperature  need  not  exceed  100 
deg.  C,  and  the  whole  of  the  loss  occa- 
sioned by  the  vaporizing  of  the  water 
may  therefore  be  limited  in  this  case  to 
631  heat  units  per  weight  unit  of  watery 
vapor  to  be  found  among  the  gases. 

In  order  to  vaporize  a  weight  unit  of 
water  under  the  circumstances  just  de- 
scribed, there  are  required  when  the 
carbon,  as  is  desired  in  a  gas  generator, 
is  burned  only  to  carbonic  oxide,  631: 
2473  =  0.255  weight  units  of  carbon,  and 
the  water  contained  in  the  fuel,  even  if 
a  drier  fuel  is  used  for  the  first  firing 
and  no  loss  of  heat  is  supposed  to  take 
place  through  the  walls  of  the  generator, 
cannot  exceed  2473:631  =  3.92  times  the 
weight  of  the  carbon.  But  as  there  is 
no  way  of  preventing  loss  of  heat 
through  the  .sides  of  a  furnace  in  opera- 
tion, the  weight  of  water  in  a  fuel  used 
for  generating  gas  can  scarcely  exceed 
3.7  times  the  weight  of  the  carbon  exist- 
ing in  it,  and  it  is  necessary  when  such 
a  fuel  is  used  to  mix  with  it  in  the  be- 
ginning a  drier  fuel  until  the  requisite 
temperature  has  been  attained  in  the 
furnace.  If  we  pass  now  to  a  considera- 
tion of  the  relations  of  heat  which  are 
found  to  exist  when  the  water  is  decom- 
posed by  red-hot  carbon  in  the  fireplace 
to  hydrogen  and  carbonic  oxide,  we  find 
that  the  fireplace  or  generator  loses  in 
this  way  yet  more  heat,  for  besides  the 
631  heat  units  required  for  the  vapori- 
zing of  the  water,  there  are  consumed  in 
this  case  29,638:9  =  3293  heat  units;  but 
it  is  in  the  case  of  gas  furnaces,  especially 
when  they  are  not  provided  with  con- 
densers on  the  Siemens-Lundin  principle, 
exceedingly  advantageous  to  get  the 
watery  vapor  decomposed  in  this  way  as 
Vol.  XV.— No.  5—30 


completely  as  possible,  for  the  hydrogen 
thus  formed  gives  back,  when  burned  in 
the  re-heating  furnace,  just  the  same 
quantity  of  heat,  3293  heat  units,  and 
this  development  of  heat  takes  place  just 
where  a  high  temperature  is  desirable, 
while  the  consumption  of  heat,  on  the 
other  hand,  goes  on  #in  the  fireplace  or 
generator  where  no  very  high  tempera- 
ture is  required  for  any  other  purpose 
than  the  decomposition  of  the  watery 
vapor  now  in  question.  For  this  a 
pretty  high  temperature  in  the  generator 
is  advantageous,  for  if  it  be  not  high 
enough  the  watery  vapor  is  not  decom- 
posed. 

The  reason  of  this  again  is  that  the 
decomposition  in  question  must  take 
place  by  means  of  red-hot  carbon,  and 
the  thicker  the  stratum  of  this  which  the 
watery  vapor  passes  through  the  more 
completely  is  it  converted  into  carbonic 
oxide  and  hydrogen;  but  as  this  decom- 
position, as  we  have  seen,  is  attended 
with  a  considerable  consumption  of  heat, 
it  is  evident  that  if  the  layer  of  fuel 
through  which  the  gases  developed  in 
the  generator  must  pass  is  thick,  the  red- 
hot,  or  in  this  case  the  active,  portion 
thereof  is  thinner  in  the  same  proportion 
as  the  water  contained  in  the  fuel  is 
greater,  and  the  thinner  the  red-hot 
layer  of  carbon  is,  the  less  watery  vapor 
is  decomposed  during  its  passage  through 
it.  If  the  layer  of  red-hot  carbon  is, 
from  the  diminution  of  heat  caused  by  a 
great  content  of  water,  too  thin,  little  or 
no  water  can  be  thus  decomposed,  but 
the  burning  goes  on  in  the  way  first  de- 
scribed with  a  moderate  consumption  of 
heat  in  the  generator;  but  the  layer  of 
red-hot  carbon  may  also  under  such  cir- 
cumstances be  so  thin  that  none  of  the 
carbonic  acid  first  produced  during  the 
combustion  is  reduced  to  carbonic  oxide. 
As,  however,  carbonic  acid  is  incapable 
of  further  combustion,  the  carbon  thus 
oxydized  in  the  generator  is  of  little  use 
in  the  furnace  in  the  case  of  common 
"Koltorn"  re-heating  furnaces,  and  of 
none  at  all  in  the  case  of  Siemens-Lundin 
furnaces,  and  when  the  combustion  goes 
on  in  this  way  no  proper  degree  of  heat 
can  be  obtained. 

If  we  reckon*how  many  weight  units 
of  carbon  must  be  burned  to  carbonic 
oxide  in  order  to  develope  the  amount  of 
heat  which  a  weight  unit  of  water  occur- 
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ring  in  the  fuel  requires  for  its  decompo- 
sition in  the  way  just  described,  we  find 
this  to  be  (3293  +  631):  2473  =  1.587 
weight  units,  which  corresponds  to 
sixty-three  per  cent,  water  (both  chemi- 
cally combined  and  hydroscopic)  of  the 
carbon  occurring  in  the  fuel;  but,  in  fact, 
the  fuel  used  in  a  gas  furnace,  if  the 
whole  of  the  water  it  contains  is  to  be 
decomposed,  may  not  contain  so  much 
water,  for  if  the  requisite  temperature  be 
obtained  in  the  beginning  by  using  fuel 
containing  less  water,  so  that  it  is  re- 
quired only  to  keep  up  the  temperature 
by  the  use  of  the  moister  fuel,  there  is 
always  a  considerable  loss  of  heat  through 
the  walls  of  the  fireplace,  and  the  con- 
tent of  water  in  the  fuel,  if  it  is  to  be 
completely  decomposed,  ought  certainly 
not  to  exceed  something  more  than  fifty 
per  cent.,  say  fifty-five  per  cent,  of  the 
weight  of  the  carbon. 

Let  us  now  see  how  the  different  varie- 
ties of  fuel  correspond  to  these  require- 
ments. Dry  and  well-carbonized  char- 
coal may  be  supposed  to  contain  with 
eighty-two  per  cent,  carbon  ten  per  cent, 
hydroscopic  water,  and  the  relation  of 
weight  between  carbon  and  water  is  thus 
about  10:82,  the  water  being  12.2  per 
cent,  of  the  weight  of  the  carbon. 

Ordinary  pitcoal  may  perhaps  be  reck- 
oned to  contain  81  per  cent,  carbon  and 
9  per  cent,  chemically  combined  water, 
to  which  comes  to  be  added  about  5  per 
cent,  hydroscopic  water,  so  that  the  re- 
lation of  weight  between  the  water  and 
carbon  in  this  case  is  about  14:81,  the 
water  being  17.3  per  cent,  of  the  weight 
of  the  carbon. 

Peat  is  more  variable  in  its  composi- 
tion than  coal,  and  it  is  therefore  diffi- 
cult to  fix  on  any  average  ratio  for  its 
constituents;  but,  if  we  limit  ourselves 
to  good  peat,  perhaps  we  may  take  it  as 
containing  after  complete  desiccation  at 
110  deg.  C.,  about  57  per  cent,  carbon,  2 
per  cent,  hydrogen,  36  per  cent,  chemi- 
cally combined  water,  and  5  per  cent. 
asK  In  air-dried  peat  there  is,  however, 
20  per  cent,  to  40  per  cent,  and  even  50 
per  cent,  hydroscopic  water,  and  it  may 
therefore  be  taken  to  contain  with  40 
per  cent,  carbon,  25  per  cent,  chemically 
combined,  and  30  per  cent,  hydroscopic 
water.  The  relation  of  weight  between 
water  and  carbon  is  thus  in  the  former 
case   36:57,   the  water  being   63.1   per 


cent,  of  the  weight  of  the  carbon,  and 
in  the  latter  55:40,  the  water  being 
137.5  per  cent,  of  the  weight  of  the  car- 
bon. 

Wood  completely  dried  at  120  deg.  C. 
contains  about  the  same  quantities  of 
water  and  carbon.  Air-dried  wood  con- 
tains besides  about  20  per  cent,  hydro- 
scopic water,  and  may  thus  be  considered 
to  consist  of  40  per  cent,  carbon,  40  per 
cent,  chemically  combined,  and  20  per 
cent,  hydroscopic  water.  Newly  felled 
timber,  on  the  other  hand,  contains  50 
per  cent,  hydroscopic  water  and  upwards, 
and  its  composition  may  therefore  be 
taken  to  be  25  per  cent,  carbon,  25  per 
cent  chemically  combined,  and  50  per 
cent,  hydroscopic  water.  The  relation 
of  weight  between  water  and  carbon  is 
thus  in  completely  desiccated  wood  50:50 
or  100  per  cent,  water;  in  air-dried  wood 
60:40  or  150  per  cent. -water,  and  in 
newly  felled  wood  75:  25  or  300  percent, 
water. 

Sawdust  which  has  been  air-dried  by 
heating  while  kept  in  suitable  houses 
contains  27  per  cent,  to  30  per  cent, 
hydroscopic  water,  while  fresh  sawdust 
commonly  contains  50  per  cent.  ;  but 
sawdust  is  also  to  be  found  which  con- 
tains 60  per  cent.  The  water  in  the 
three  cases  just  referred  to  is  177  per 
cent.,  300  per  cent.,  and  400  per  cent,  of 
the  weight  of  the  carbon. 

It  has  been  already  pointed  out  that 
if  a  fuel  containing  water  is  to  be  burned 
in  the  generator  in  such  a  way  that  the 
watery  vapor  is  completely  decomposed, 
as  is  desirable  in  the  case  of  a  gas  fur- 
nace, and  carbonic  oxide  and  hydrogen 
are  formed,  the  quantity  of  water  in  the 
fuel  must  not  exceed  about  55  per  cent, 
of  the  weight  of  the  carbon.  But  of 
the  varieties  of  fuel  specified  above, 
charcoal  and  pitcoal  alone  fall  within 
this  limit,  but  as  far  as  charcoal  is  con- 
cerned, it  often  unfortunately  happens 
that  it  contains  so  much  water  as  to  ex- 
ceed 55  per  cent,  of  the  weight  of  the 
carbon. 

The  water  contained  in  air-dried  peat 
amounts  to  137.5  per  cent.,  and  in  air- 
dried  wood  to  150  percent,  of  the  weight 
of  the  Garbon,  and  of  course  neither  of 
these  kinds  of  fuel,  and  much  less  un- 
dried  wood,  which  contains  three  times 
as  much  water  as  carbon,  is  fit  to  be  used 
alone   in  such  gas  furnaces  as  are  not 
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provided  with  condensers,  but  when 
they  are  used  for  this  purpose  they  ought 
to  be  mixed  with  charcoal  or  pitcoal,  as 
is  generally  done.  Thoroughly  desic- 
cated wood,  and  still  more  peat,  are 
much  to  be  preferred  in  this  respect,  in- 
asmuch as  the  former  contains  water  to 
100  per  cent.,  and  the  latter  to  about  63 
per  cent,  of  the  weight  of  the  carbon; 
but  even  in  the  case  of  good  peat,  well 
dried  by  artificial  heat,  the  whole  content 
of  water  cannot  be  decomposed  without 
the  admixture  of  some  fuel  containing 
less  water. 

If  the  quantities  of  carbon  and  water 
contained  in  different  kinds  of  fuel  are 
known,  it  is  of  course  very  easy  to  ascer- 
tain how  much  of  a  fuel  poor  in  water 
must  be  added  to  another  fuel  rich  in 
water  in  order  that  the  whole  of  the 
water  contained  in  the  mixture  may  be 
decomposed,  provided  the  generator  is 
properly  constructed.  On  the  supposi- 
tion that  the  percentages  of  carbon  and 
water  in  the  different  fuels  are  those 
stated  above,  the  proportions  reckoned 
by  weight  are  as  follows  : — 15.9  per  cent, 
charcoal  with  84.1  per  cent,  thoroughly 
desiccated  peat;  17.7  per  cent,  pitcoal, 
with  82.3  thoroughly  desiccated  peat  ; 
51.3  per  cent,  charcoal,  with  48.7  per 
cent,  thoroughly  desiccated  wood;  54.4 
per  cent,  pitcoal,  with  45.6  thoroughly 
desiccated  wood;  65.8  per  cent,  charcoal, 
with  34.2  thoroughly  air-dried  peat;  68.6 
per"  cent,  pitcoal,  with  31.4  thoroughly 
air-dried  peat;  68.9  per  cent,  charcoal, 
with  31.1  per  cent,  thoroughly  air-dried 
wood;  71.7  per  cent  pitcoal,  with  28.3 
per  cent,  thoroughly  air-dried  wood;  84.8 
per  cent,  charcoal,  with  15.2  per  cent, 
undried  wood  ;  86.7  per  cent,  pitcoal, 
with  13.3  per  cent,  undried  wood. 

These  figures,  however,  denote,  as  has 
been  said,  only  the  greatest  proportion 
by  weight  in  which  the  above-mentioned 
fuels  abounding  in  water  may  be  mixed 
with  those  which  contain  less  water,  if 
the  whole  content  of  water  is  to  be  de- 
composed in  a  properly  constructed  gen- 
erator, or,  in  other  words,  if  the  moist 
fuel  is  to  be  utilized  as  advantageously 
as  possible  without  condensing;  but  it  is 
clear  that  there  is  nothing  to  prevent  the 
fuels  containing  much  water  to  be  used 
in  smaller  proportions  than  those  stated 
above,  and  it  may  sometimes  be  advan- 
tageous, if  not  in  a  technical,  at  least  in 


I  an  economical  respect,  to  allow  them  to 
|  enter   into  the   mixture   in  a  somewhat 
:  larger  proportion,    if    the   difference    in 
I  price  between  them  and  the  fuels  con- 
taining little  water  is  considerably  great- 
j  er  than  is  due  to  their  true  value  as  fuel. 
j  It  ought,  however,  in  this  case  to  be  kept 
I  in  mind  that  the  moist  fuel  may  be  util- 
|  ized  with  greater  advantage    by  being 
j  used  in  a  furnace  according  to  the  Sie- 
mens-Lundin    principle,    for    when    the 
;  mixed  fuel  contains  so  much  water  that 
a  considerable  proportion  of  it,  even  with 
j  a  properly  constructed  generator,  cannot 
be   decomposed,  a  condenser  may  with 
great  advantage  be  placed  between  the 
!  generator  and  the  furnace,  but  it  is  then 
clear  that  regenerators  must  be  employed 
|  for  the  re-heating  of  the  gas.     It  is  also 
|  to  a  considerable  extent  on  this  account 
I  that  even  the  consumption  of  thorough- 
•  ly  desiccated  wood  in  an  Ekman  wood 
!  re-heating  furnace  is   so    much    greater 
;  than  that  of    only  air-dried  wood  in  a 
I  Siemens-Lundin    furnace,    so    that     per 
j  centner  of  bar  iron  there  are  required  in 
|  the   former   five   cubic   feet   thoroughly 
desiccated,  and  in  the  latter  three  and  a- 
half  to  four  cubic  feet  air-dried  wood. 

As  the  water  does  not  require  to  be 
decomposed  when  a  Siemens-Lundin  fur- 
nace is  employed,  there  may  be  utilized 
in  this  way  a  fuel  containing  water  to 
about  3.7  times  the  weight  of  the  car- 
bon, and  accordingly  it  answers  very 
well  to  use  in  such  a  furnace  common 
fresh  sawdust  containing  about  three 
times  as  much  water  as  carbon ;  but,  on 
|  the  other  hand,  it  does  not  do,  as  we 
learn  by  experience,  to  use  such  sawdust 
as  contains  sixty  per  cent,  hydroscopic 
water  as  sometimes  occurs,  for  it  contains 
about  four  times  as  much  water  as  car- 
bon. Such  fuel  as  the  last  named  can 
not  of  course  come  in  question  for  em- 
ployment in  the  re-heating  furnace,  if 
the  Lundin  furnace  is  not  used.  This 
furnace  is  also  best  adapted  for  wood, 
branches  and  peat,  but  if  the  supply  of 
this  fuel  is  not  sufficient  by  itself  it  can, 
however,  as  is  the  common  practice,  be 
mixed  with  pitcoal  and  used  in  "Kol- 
torn"  furnaces.  But  in  this  case  it  is 
best  thoroughly  to  desiccate  it,  as  may 
in  most  cases  be  done  by  the  waste  heat 
of  the  furnaces,  and  that  the  value  of 
the  fuel  is  thereby  much  increased  is 
shown  by  the  fact  that  at  Bjoerneborg 
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thoroughly  desiccated  condensed  peat  is 
considered  to  produce  the  same  effect  in 
the  "  Koltorn"  furnace  as  one  and  a-half 
times  its  volume  of  charcoal;  while  ma- 
chine-worked "pipe"  peat  merely  air- 
dried  is  only  considered  to  be  equal  to 
its  own  volume  of  charcoal,  and  air-dried 
"hand"  turf  is  commonly  reckoned  to 
have  half  the  value  of  its  own  volume 
of  charcoal,  all  in  "  Koltorn  "  furnaces. 

As  an  example  of  the  way  in  which 
large  quantities  of  undried  inferior  fuel 
may  be  used  quite  unnecessarily,  it  may 
be  stated  that  at  one  place  there  was 
consumed  in  a  "  Koltorn "  re-heating 
furnace  per  centner  rolled  iron,  not  only 
0.434  cubic  foot  pitcoal  but  along  with 
it  0.492  cubic  foot  imperfectly  dried 
"hand  turf  "  and  0.548  cubic  foot  refuse 
wood,  while  at  another  work  under  quite 
similar  circumstances,  in  a  furnace  of  the 
same  construction,  there  was  required  per 
centner  bar  iron  for  the  re-heating  0.38 
to  0.40  cubic  foot  pitcoal  without  admix- 
ture with  any  other  fuel.  It  appears  to 
follow  from  this  that  the  mixture  with 
turf  and  wood  at  the  former  place  was 
not  only  not  advantageous,  but  that  in 
fact  some  extra  coal  was  consumed  to 
counteract  the  injurious  effect  of  the 
large  quantity  of  water  contained  in  the 
inferior  fuel.  I  hope  no  one  will  under- 
stand me  as  seeking  to  oppose  the  em- 
ployment of  peat,  refuse  wood  and  other 
inferior  fuel  in  re-heating  furnaces,  for, 
on  the  contrary,  it  is  my  view  that  re- 
heating in  this  country  ought  to  be 
carried  on  with  such  materials;  but  we 
must  either  properly  dry  such  fuel  if  we 
wish  to  mix  it  in  any  considerable  quan- 
tity, for  use  in  "  Koltorn  "  re-heating  fur- 
naces, or  go  to  the  expense  of  Lundin 
furnaces  if  we  wish  to  use  it  undried. 

We  have  shown  above  what  is  the 
maximum  quantity  of  water  that  a  fuel 
can  contain  if  the  whole  of  the  water  is 
to  be  decomposed  in  the  fireplace. 
When  the  content  of  water  exceeds  this 
limit,  we  must  content  ourselves  with 
having  that  portion  of  it  which  cannot 
be  decomposed,  vaporized,  and  if  the 
quantity  of  water  is  so  great  that  it 
amounts  to  three  times  the  weight  of  the 
carbon,  the  heat  developed  by  the  burn- 
ing of  the  carbon  to  carbonic  oxide  is 
scarcely  sufficient  to  decompose  any 
water.  In  such  circumstances,  the 
Siemens-Lundin  principle  must  be  taken 


advantage  of,  if  a  proper  heat  is  to  be 
attained,  and  the  generator  ought  to  be 
so  constructed  that  the  gases  before 
they  leave  it  are  obliged  to  pass  through 
so  large  a  quantity  of  fuel  that  their 
temperature  is  reduced  to  100  deg.  C.  by 
drying  and  heating  the  upper  layers  of 
fuel.  The  generators  ought  in  these 
circumstances  to  be  as  high  as  possible, 
and  the  openings  for  drawing  off  the  gas 
close  to  the  top   of  the  generator. 

When  it  is  intended  that  the  water  in 
the  fuel  should  be  decomposed  as  com- 
pletely as  possible,  it  is  not  advisable,  on 
the  contrary,  to  allow  the  gas  to  pass 
through  the  whole  mass  of  fuel  for  the 
result  of  this  would  naturally  be,  as  in 
the  case  referred  to  above,  that  the 
greater  part  of  the  water  would  leave 
the  generator  undecomposed,  but  the 
opening  intended  for  the  escape  of  the 
gas  must,  in  these  circumstances,  be 
placed  so  that  the  fuel  near  it  is  red-hot, 
and  so  decompose  the  watery  vapor  yet 
occurring  in  the  gas:  but  this  opening 
ought  not  to  lie  so  near  any  tuyere  that 
the  carbonic  acid  formed  in  front  of  it  is 
not  converted  by  the  red-hot  fuel  into 
carbonic  oxide.  These  conditions  for  a 
proper  combustion  are  fulfilled  in  a 
superlative  manner  in  the  Ekman  "  Kol- 
torn" re-heating  furnaces,  which,  in  their 
old  form  with  three  rows  of  tuyeres, 
stand  even  higher  in  this  respect  than 
many  recent  modifications  of  them. 

That  it  has  been  found  advantageous 
at  several  works  to  depart  from  the  old 
arrangement  of  the  tuyeres,  and  they 
have  instead  been  so  placed  that  the  gas 
before  its  entrance  into  the  furnace 
proper  has  not  to  pass  through  so  much 
red-hot  fuel,  doubtless  arises  from  the 
fact  that  so  much  fuel  abounding  in 
water  has  begun  to  be  used,  that  the 
whole  of  the  watery  vapor  cannot  possi- 
bly be  decomposed  by  the  amount  of 
heat  developed  in  the  generator,  and  it 
is  evident  that  under  such  circumstances 
it  is  best  to  take  an  intermediate  course 
between  the  two  types  of  generators 
referred  to  above.  A  generator  on  a 
new  principle  has  been  constructed  by 
Herr  Thum  for  the  purpose  of  obtaining 
with  certainty  gas  free  from  water  and 
carbonic  acid;  and  although  it  cannot  be 
employed  according  to  the  inventor's 
statement  for  fuel  containing  so  much 
water  as    thoroughly    desiccated  wood, 
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it  may  be  useful  for  fuel  containing  a 
smaller  quantity  of  water.  In  this  gen- 
erator there  are  two  fireplaces  connected 
together. 

Fuel  is  charged  into  these  alter- 
nately, and  when  a  charge  of  fuel  is 
placed  in  one  fire-place  the  products  of 
combustion  are  made  to  pass  through  the 
layer  of  red-hot  fuel  in  the  other,  the 
direction  of  the  blast  being  changed 
with  every  charge  of  fuel.  In  this  way 
water  and  carbonic  acid  are  reduced  to 


hydrogen  and  carbonic  oxide,  and  a 
dry  gas  with  a  constant  high  heating 
power    obtained. 

From  what  has  been  stated  above  it  is 
evident  that  the  fuel  used  in  such  a  gen- 
erator cannot  contain  more  water  than 
between  fifty  and  sixty  per  cent,  of  the 
weight  of  the  carbon  present,  for  if  it 
exceeds  this  the  fire  cannot  be  kept  up 
so  as  to  decompose  the  water  as  com- 
pletely as  is  claimed  for  this  arrange- 
ment. 


THE  CONSTRUCTION  OF  WELLS. 

By  JOSEPH  LUCAS,  F.G.S. 
From  "The  Architect." 


The  frequency  with  which  prosecu- 
tions of  owners  of  polluted  wells  by 
sanitary  authorities  are  recorded  in  the 
police  reports  sufficiently  evince  the 
growing  determination  on  the  part  of 
the  authorities  to  do  away  with  such 
preventible  causes  of  disease.  There  is 
no  more  unpopular  subject  among  house- 
holders than  that  of  wells;  no  one  likes 
to  be  told  that  his  well  is  foul  and  the 
water  unfit  for  use,  and  yet  there  are 
comparatively  few  wells,  even  among 
the  better  class  of  houses,  in  which  the 
sanitary  conditions  are  all  that  they 
should  be.  On  the  other  hand,  the  ex- 
tent to  which  the  opposite  conditions 
prevail  would  hardly  be  credited.  In 
the  vast  majority  of  cases  it  still  remains 
an  unsavory  truth  that  wells  are  ex- 
posed to  a  dangerous  pollution  from  the 
influx  of  sewage,  either  by  leakage  and 
filtration  from  the  cesspool,  or  by  direct 
conduction  through  a  dry  or  absorbing 
well.  It  is  almost  superfluous  to  state 
that  a  dry  well  is  one  which  is  sunk  to  a 
depth  short  of  that  at  which  water  is 
found,  and  notwithstanding  the  obvious 
contamination  that  arises  from  draining 
into  such  wells,  they  are  even  now  con- 
stantly being  sunk.  The  subject  of 
wells,  if  discussed  in  all  its  bearings 
— physical,  legal,  and  sanitary — would 
form  a  work  that  would  be  sufficiently 
voluminous,  and  I  therefore  propose  to 
limit  the  present  article  to  the  consider- 
ation of  such  points  as  appear  to  be  more 
especially  of  interest  to  the  architects. 


The  subject  is  a  difficult  one,  but  neither 
its  difficulties,  which  are  real,  nor  its  im- 
portance, which  is  vital,  have  met  with 
due  regard  from  the  architects  of  the 
past.  I  am  justified  in  attaching  respon- 
sibility to  the  architect,  for  when  a  house 
is  built  from  his  designs  the  well,  if  any, 
is  included  in  the  specification.  It  is, 
therefore,  clear  that  the  state  in  which 
our  domestic  wells  exist  at  the  present 
time  is  due  to  the  architect.  He  is  often 
called  upon  to  build  a  house,  find  water 
for  it,  and  drain  it,  within  a  very  limited 
area.  In  such  places  surface^  drainage  is 
generally  out  of  the  question;  there  is, 
therefore,  no  other  course  open  but  that 
of  draining  into  a  cesspool  or  dry  well, 
which  never  is  carried  to  any  considera- 
ble distance  from  the  house.  Notwith- 
standing this,  in  probably  ninety  per 
cent,  of  cases  the  well  is  sunk  either 
under  a  back  kitchen  or  in  a  yard  close 
to  the  house,  in  the  entire  absence  of  any 
evidence  as  to  the  nature  of  the  geology 
of  the  point  in  question. 

The  geological  points  that  demand 
mature  consideration  before  the  (1)  site 
of  a  well,  and  (2)  the  relative  positions 
of  well  and  cesspool  should  be  determ- 
ined, are — 

1.  The  knowledge  of  the  geological 
section  that  will  be  traversed  in  sinking 
the  well.     This  will  include 

a.  The  surface  geology, 

b.  The  solid  geology, 

and  is  of  the  utmost  importance.     For 
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instance,  where  there  is  a  superficial 
covering  of  gravel,  that  is  often  made 
use  of  to  drain  into,  either  directly  by  a 
dry  well  a  few  feet  deep,  or  a  cesspool 
is  built  in  it,  which  may  leak  or  over- 
flow, and  so  contaminate  the  gravel. 
The  well  for  water,  perhaps,  goes  deep- 
er, possibly  through  a  bed  of  clay  or 
shale  to  some  waterbearing  bed  below, 
and  this  is  taken  as  a  sufficient  provision 
against  contamination  of  the  deep  or 
"main  springs"  by  the  dry  well  or  cess- 
pool in  the  gravel.  Consequently  the 
well  is  "steined"  without  cement,  with 
a  view  only  to  supporting  its  sides,  and 
a  system  of  contamination  is  thus  set  up 
which  goes  on  for  years,  working  insidi- 
ous harm  upon  the  constitution  of  the 
dwellers  in  the  house.  This  is  no  im- 
aginary case.  I  have  known  a  house  in 
which,  under  the  above  conditions,  the 
soakage  from  a  dry  well  flowed  into  the 
deep  well  water  below,  in  which,  from 
being  much  diluted,  it  escaped  detection 
for  years. 

The  "  surface  geology "  includes  all 
superficial  deposits  of  drift,  clay,  gravel, 
sand,  &c,  lying  in  patches  on  the  rocks 
included  in  the  "  solid  geology,"  which 
means  all  the  strata  which  form  the 
geological  scale,  of  tertiary  age  and 
older. 

In  respect  of  the  solid  geology  it  is  a 
point  of  vital  moment  to  know  the  di- 
rection of  the  dip  of  the  beds,  and, 
therefore,  in  most  cases,  the  direction  in 
which  the  water  will  flow  (excepting,  in 
fact,  that  of  a  basin  in  which  the  sides 
are  of  unequal  height,  when  the  water 
flowing  out  over  the  lower  side  will  be 
forced  to  flow  up  the  dip).  The  knowl- 
edge of  the  direction  of  flow  is  essen- 
tial, as  without  it  the  relative  positions 
of  the  cesspool  (if  any)  and  of  the  well 
cannot  be  determined.  I  have  before 
me  many  cases  in  which  the  well  is 
placed  on  the  low  side  (in  respect  of  the 
flow)  of  farm-yards  and  houses  on  the 
chalk,  from  which  contamination  must 
inevitably  arise.  To  avoid  risk  of  con- 
tamination, the  cesspool  should  always 
be  placed  on  the  side  of  the  well  towards 
which  the  water  is  flowing.  Hitherto 
the  architect  has  not  advised  himself  as 
to  these  difficult  points.  Nor  is  this  sur- 
prising. Until  very  recently  little  atten- 
tion has  been  given  to  the  sanitary  issues, 
but  now,  under  the  pressure  of  the  ad- 


vance in  modern  sanitary  science,  it  is 
held  to  be  indispensable  that  every  well 
that  is  in  use  must  yield  water  which  on 
chemical  analysis  is  found  to  be  suffi- 
ciently pure  for  domestic  purposes. 

The  cases  will  be  exceptional  ones  in 
which  the  architect  of  the  future  will  be 
able  to  include  the  well  in  his  specifica- 
tion without  having  first  submitted  the 
question  of  its  existence  and  of  its  posi- 
tion to  a  competent  authority.  No  one 
man  can  undertake  such  a  vast  variety 
of  work,  or  can  pretend  to  be  master  of 
so  wide  a  range  of  knowledge,  as  the 
architect  assumes  when  he  embraces  the 
wide  question  of  subterranean  hydrology 
in  addition  to  his  own  subject.  There  is 
a  growing  tendency  to  close  as  many 
wells  as  possible,  arising  partly  from  the 
dreadful  state  of  pollution  in  which  they 
are  so  often  found,  and  partly  from  the 
pressure  put  on  by  water  companies  to 
bring  such  cases  to  light. 

The  state  of  the  law  favors  such  a 
result.  The  law  in  this  case  is  weak,  in- 
asmuch as  it  divides  the  power  of  deal- 
ing with  a  polluted  well  between  the 
magistrate  and  the  local  authority.  The 
consequence  is  that  the  magistrate  exer- 
cises his  right  of  ordering  the  well  to  be 
closed,  and  the  local  sanitary  authority, 
having  disposed  of  the  case,  does  not 
care  to  proceed  to  exercise  its  powers, 
and  see  that  the  defective  drains,  cess- 
pools, or  other  sources  of  contamination 
are  made  right. 

This  tendency  to  close  all  wells  be- 
comes a  serious  matter,  considering  the 
outlay  upon  them.  No  man  likes  to  see 
his  work  upset,  but  unless  very  speedy 
and  certain  steps  are  taken  by  the  archi- 
tect to  protect  the  wells  of  the  future 
they  will  assuredly  share  the  same  fate. 
It  is  not  an  easy  matter  to  know  what  to 
do  with  the  sewage  of  a  large,  or  even  of 
a  small  house  in  a  limited  space,  which 
has  also  to  provide  the  water  supply. 
The  temptation  undoubtedly  is  to  carry 
it  into  the  inviting  porous  rock  that  most 
generally  lies  at  an  accessible  depth.  It 
is  not  easy  to  dispose  of  the  thirty  gal- 
lons per  head  per  diem  that  may  flush 
the  drains  of  a  large  establishment.  The 
well  must  at  all  events  be  protected,  and 
we  hold  that  it  should  be  made  an  abso- 
lute principle  in  all  future  legislation  on 
this  subject,  that  it  shall  never  be  legiti- 
mate to  sink  or  use  any  well  for  the  pur- 


THE  VALUE   OF   IRON. 


471 


pose  of  a  drain.  I  regret  to  say  that  I 
can  point  to  numerous  instances  in  which 
the  efflux  of  the  house  goes  to  replenish 
the  well. 

Next  as  to  farms.  There  is  hardly 
such  a  thing  to  be  seen  as  a  farmyard 
without  its  well.  The  water  is  often 
confessedly  so  foul  that  the  farmer  and 
his  household  will  not  use  it,  yet  the 
cattle  have  it  to  drink,  and  apparently 
thrive  on  it  till  they  pass  into  the  hands 
of  the  butcher.  We  urge  that  the  drain- 
age of  the  farmyard  should  not  be  al- 
lowed to  enter  into  the  water-bearing 
stratum.  We  fail  so  see  on  what  princi- 
ple our  gravels,  our  chalk,  and  our  green- 
sands,  are  made  to  imbibe  sewage,  when 
it  is  held  to  be  illegal  to  discharge  it  into 


j  our  rivers.  Wells  sunk  through  or  in 
|  clay  are  not  by  any  means  safe  against 
i  such  contamination.  It  has  been  shown 
by  me,  in  a  report  by  Dr.  Thorne  Thorne 
to  the  Local  Government  Board,  that 
deep  cracks  formed  during  the  hot 
weather,  act  as  channels  through  which 
the  drainage  of  middens  and  privies  finds 
access  to  shallow  wells. 

It  is  not  necessary  to  add  more  to  de- 
monstrate the  necessity  of  attention  to  a 
subject  the  importance  of  which  is  gain- 
ing ground  every  day,  and  of  all  interests 
involved,  short  of  the  owner's,  that  of 
the  architect  is  most  bound  up  in  pre- 
serving in  their  native  purity  the  deep 
springs  which,  in  the  hottest  seasons,  we 
draw  so  clear  and  cool  from  our  wells. 


THE  VALUE  OF  IRON. 

From  "The  Engineer." 


The  letters  of  our  correspondents  in 
the  ironmaking  districts  of  Great  Britain 
have  been  for  months  a  record  of  disas- 
ter. The  iron  and  steel  trades  were 
long  since  pronounced,  week  after  week, 
to  be  as  bad  as  they  could  be;  but  week 
after  week  the  statement  has  been  falsi- 
fied by  events,  and  at  this  moment  the 
iron  trade  of  the  Middlesbrough  district, 
at  all  events,  is  worse  than  it  ever  was. 
The  evil  is  not  limited  to  a  total  dearth 
of  orders  at  anything  like  remunerative 
prices.  Firms  a  few  months  ago  perfect- 
ly solvent  are  now  said  to  be  on  the 
verge  of  bankruptcy;  failures  are  an- 
nounced every  day;  credit  is  contracted 
to  the  ultimate  point  beyond  which  it 
must  be  totally  extinguished;  and  there 
is  no  evidence  whatever  that  any  change 
for  the  better  is  likely  to  occur  in  the 
immediate  future.  Wales,  Staffordshire, 
and  Scotland  are  but  a  shade  better  off. 
It  is  time  that  men  looked  facts  plainly 
in  the  face,  accepted  the  new  conditions 
which  have  sprung  into  existence,  and 
determined  to  make  the  best  of  them. 
Bad  as  matters  undoubtedly  are,  it  may, 
we  think,  be  shown  that  the  iron  and 
steel  trade  of  this  country  is  by  no 
means  in  a  hopeless  condition.  But  be- 
fore any  steps  can  be  taken  to  place  it  on 
a  sound  footing  it  is  essential  that  we 
should  estimate  iron  at  its  true  value. 


Until  this  is  done  by  masters  and  men 
alike,  no  amelioration  of  the  existing 
state  of  affairs  can  possibly  take  place. 
The  principal  source  of  our  trade  troubles 
lies  in  the  fact  that  a  fictitious  value  has 
been  attached  to  iron — in  great  measure 
as  the  result  of  a  remarkable  temporary 
demand.  In  order  to  arrive  at  the  -true 
value  of  the  metal  all  such  abnormal 
requirements  must  be  disregarded,  and  if 
this  is  done,  it  wTill  be  found  that  even  at 
its  present  low  price  iron  is  too  dear.  It 
is  quite  unnecessary  here  to  repeat  the 
history  of  the  iron  trade  during  the  last 
few  years.  We  shall  confine  our  atten- 
tion to  the  statement  we  have  made  con- 
cerning the  value  of  iron,  and  endeavor 
to  show  that  even  if  the  price  were  re- 
duced considerably  below  existing  figures 
it  would  not  follow  that  much  loss  would 
result  to  the  nation. 

A  law  of  political  economy,  the  accu- 
racy of  which  has  often  been  disputed  in 
spite  of  facts,' is  that  the  value  of  a  com- 
modity is  settled  by  the  wishes  or  the 
necessities  of  the  consumer,  the  producer 
having  very  little  voice  in  the  matter. 
Of  course,  conditions  may  arise  under 
which  the  rule  is  inverted,  but  this  can 
only  be  the  case  when  the  means  of  pro- 
duction are  very  small,  and  the  consumer 
is  compelled  by  his  necessities  to  buy. 
The  price  of  bread  in  a  beleaguered  city 
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may  be  cited  as  an  example.  As  regards 
iron,  however,  the  price — in  other  words, 
the  value — of  the  commodity  is  deter- 
mined by  the  consumer.  In  dealing 
with  the  subject  in  a  recent  article,  we 
pointed  out  that  no  reduction  in  the 
price  of  iron  would  be  likely  to  renovate 
the  iron  trade,  and  we  repeat  the  asser- 
tion here.  Although  we  shall  endeavor 
to  show  in  a  moment  that,  without  a  re- 
duction in  the  price  of  iron,  it  is  to  the 
last  degree  unlikely  that  we  can  get 
back  our  markets,  the  two  propositions 
are  only  apparently  incompatible.  Some 
years  since  the  consumer  fancied  that 
he  wanted  iron  very  much,  and  in  conse- 
quence he  bought  it.  He  consented  to 
pay  a  long  price  for  it.  In  other  words, 
he  raised  its  value.  As  a  matter  of  fact 
the  consumer  was  mistaken.  He  bought 
a  great  deal  more  iron  and  ordered  a 
great  deal  more  than  he  required.  Rail- 
ways were  planned,  and  even  made  in 
whole  or  in  part,  where  they  could  not 
prove  remunerative  speculations.  Ships 
were  built  in  excess  of  all  reasonable  re- 
quirements. Iron  furnaces  were  erect- 
ed on  speculation,  and  large  sums 
were  .invested  in  rolling  mills.  By 
and.  by  the  reaction  came.  It  was  dis- 
covered that  much  more  iron  was  pos- 
sessed by  the  world  than  the  world  could 
use  at  once.  The  demand  fell  off  as 
rapidly  as  it  came,  and  with  lamentable 
consequences.  Until  the  existing  stock 
of  iron  has  been  in  part  at  least  used  up, 
it  is  impossible  that  the  value  of  the 
metal  can  increase,  and  it  is  difficult  to 
see  how,  under  these  circumstances,  any 
reduction  in  the  price  of  iron  could  put 
the  trade  on  a  sounder  footing.  It 
must  be  borne  in  mind,  however,  that  in 
saying  this  we  are  dealing  with  the 
present,  and  with  the  present  only. 
There  is  an  almost  total  absence  of  de- 
mand for  iron  just  now.  This  is  not  the 
case  in  England  only.  The  iron  and 
steel  trade  of  the  United  States  is  in  a 
prostrate  condition.  America  possesses 
at  this  moment  all  the  finished  iron  she 
wants.  Why  should  she  buy  until  the 
stock  is  gone?  In  Germany  matters  are, 
if  possible,. worse  than  they  are  here.  A 
large  number  of  the  ironworks  have  al- 
ready been  closed,  and  by  the  end  of  the 
year  the  list  will  be  augmented.  Turn 
to  what  part  we  may  of  the  civilized 
world,   the  prospect   is  the  same.     The 


production  of  iron  is  being  diminished. 
The  demand  has  practically  ceased  to 
exist,  and,  we  repeat  here,  that  until 
some  of  the  large  quantities  of  surplus 
iron  made  in  1869  and  the  immediately 
succeeding  years,  have  been  worked  off, 
it  is  not  likely  that  the  demand  for  new 
iron  can  reach  the  average.  It  is  not  to 
be  supposed  that  the  iron  exists  in  the 
form  of  bars  or  plates.  It  has  been 
worked  into  ships  which  are  practically 
unsaleable  just  now.  It  is  to  be  found 
on  our  railroads.  It  has  gone  into  roofs 
and  girders,  and  into  machinery  for 
which  no  purchasers  can  be  found.  It 
may  be  admitted  that  the  present  de- 
cline in  demand  is  not  wholly  due  to  the 
abundance  of  manufactured  iron  in  the 
world.  No  doubt  the  total  stagnation 
of  gold  and  the  absence  of  speculation 
work  to  the  same  end.  But  over  pro- 
duction in  past  years  is  indubitably  so 
powerful  an  evil  influence  at  the  present 
moment,  that  to  it,  in  very  large  part,  is 
due  the  calamitous  aspects  of  our  iron 
trade.  In  other  words,  had  not  iron 
been  produced  in  excess,  the  daily  de- 
mand which  would  otherwise  have  to  be 
satisfied  would  have  kept  our  works 
fairly  employed.  Iron  rails,  and  wheels, 
and  machinery,  and  ships  will  wear  out, 
however,  and  an  increased  demand  will 
no  doubt  spring  up  ere  long.  But  it  is 
very  unlikely  that  the  price  of  iron  will 
ever,  within  the  present  generation, 
touch  the  point  it  reached  in  1873. 

That  the  value  of  manufactured  iron 
may  yet  be  as  much  as  £1  per  ton  less 
than  the  price  now  accepted  to  secure  a 
good  order  for  ordinary  bars  or  rails  is, 
we  think,  not  improbable.  It  by  no 
means  follows,  however,  that  the  result 
will  be  disastrous  to  the  country.  The 
production  of  iron  in  quantity  is  no 
longer  confined  to  England.  Our  ex- 
ports must  decrease  year  by  year,  unless 
we  are  able  to  undersell  our  rivals.  But, 
after  all,  cheap  iron  really  means  cheap 
coal  and  cheap  labor,  and  provided 
colliers  and  ironworkers  are  content  to 
accept  less  wages,  there  is  no  difficulty  in 
the  way  of  selling  plenty  of  iron  in  time 
to  come  at  remunerative  prices.  Practi- 
cally the  entire  value  of  coal  and  iron  is 
represented  by  labor.  So  long  as  the 
ore  lies  in  the  mine  it  is  worth  nothing. 
It  is  rendered  worth  something  by 
the  work  expended  in  obtaining  it.     If 
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the  value  of  labor  is  reduced,  that  of  the 
finished  article  resulting  from  the  opera- 
tions of  the  workman  can  also  be  re- 
duced. It  will  be  argued,  no  doubt,  that 
if  we  receive  less  money  from  foreign 
consumers  than  we  have  done  before, 
we  shall  be  considerable  sufferers.  The 
answer  to  this  is,  that  a  reduction  in  the 
price  paid  for  labor  does  not  necessarily 
entail  loss  to  a  community.  A  fall  in 
wages  in  one  important  branch  of  trade 
is  followed  in  time  by  a  fall  in  most 
other  trades,  and  the  net  result  is  an  in- 
crease in  the  purchasing  power  of  gold. 
The  lesson  conveyed  by  the  recent 
events  is  easily  understood.  Manufac- 
turers must  consent  to  accept  the  inevita- 
ble. They  must  agree  to  a  still  further 
reduction  in  the  price  of  iron,  and  they 
must  limit  production  for  some  time  to 
come.  But  it  is  impossible  to  effect  any 
reduction  in  the  price  of  iron  without  a 
corresponding  reduction  in  the  price  of 
labor.  In  such  a  reduction  lies  the  only 
hope  of  the  ironmaster.  Month  after 
month  he  has  gone  on,  hoping  against 
hope  for  an  augmented  demand.  It  is 
hard  to  believe  that  iron  is  worth  so  lit- 
tle as  it  really  is  just  now,  but  the  truth 
is  apparent  to  every  unprejudiced  person. 
The  immediate  future  of  the  iron  trade  of 
this  country  is,  as  we  have  said,  for  the 
moment  absolutely  in  the  hands  of  the 
consumer,  and  as  he  does  not  want  iron, 
no  reduction  in  price  could  augment  the 
demand.  But  a  time  will  come  when 
demand  will  spring  up  again,  and  then 
we  must  be  prepared  as  a  nation  to  en- 
counter a  keen  competition. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

Ciyil  Engineers'  Club  of  the  Northwest. 
— The  regular  meeting  of  the  Club  was 
held  Oct,  3d.  President  Chesbrough  in  the 
chair. 

Chas.  Paine,  Past  President,  read  the  paper 
for  the  evening,  entitled  "  A  French  Railway 
Charier,''1  which  was  listened  to  with  great  in- 
terest by  the  society,  and  afterwards  briefly 
discussed  by  Messrs.  Paine,  Chesbrough, 
Greeley,  Morehouse,  Hjortzberg  and  Clarke. 
The  paper  was  a  free  translation  by  Mr.  Paine, 
of  the  model  from  which,  with  alterations  to 
suit  the  exigencies  of  each  case,  the  Charters 
for  French  Railways  are  drawn,  and  is  particu- 
larly illustrative  of  the  very  paternal  character 
of  that  government.  The  date  of  the  original 
from  which  the  translation  is  made  is  as  recent 
as  1872. 

Mr.  H.  W.  S.  Cleveland  made  a  partial  re- 
port of  the  proposed  arrangements  for  testing 


the  merits  of  the  Divining    Rod,    by    Chas. 
Latimer,  C.  E. 


IRON  AND  STEEL  NOTES. 

On  the  Hardening  of  Steel. — The  harden- 
ing process,  which  now  plays  such  an  im- 
portant part  in  the  steel  industry,  has  been  but 
imperfectly  studied,  and  many  false  notions 
are  prevalent  in  connection  with  it.  This  is 
shown  by  M.  Jarolimek  in  a  memoir  recently 
published  in  the  Austrian  Zeitschrift  fur  Berg 
und  Buttenwesen,  in  which  he  also  communi- 
cates the  results  of  an  experimental  investiga- 
tion of  the  subject.  It  is  ascertained,  first  of 
all,  that  under  certain  circumstances,  not  only 
boiling  water,  but  also  water  of  150  deg.  C. 
temperature,  and  more,  and  also  boiling  oil, 
hot  liquid  lead,  tin,  or  even  zinc — that  is  to  say, 
a  cooling  liquid  of  some  400  deg.  C.  of  heat — 
are  capable   of  hardening  steel. 

This  fact  might  appear  the  more  remarkable, 
because  it  has  been  common  to  suppose,  that 
steel,  when  hardened,  must  be  quickly  cooled 
to  a  much  lower  temperature,  and  it  is  also 
known  that  hardened  steel  loses  its  hardness 
considerably  under  action  of  a  temperature  of 
about  300  deg.  Further,  thin  steel  wires, 
which  are  made  quite  hard  by  a  short  immer- 
sion in  hot  liquid  zinc,  lose  their  hardness 
again  if  allowed  to  remain  in  the  bath.  It  is 
sufficient  to  infer  from  this,  that  the  hardness 
of  steel  chiefly  depends  on  the  rapidity  with 
which  it  is  transferred  from  a  temperature  of 
something  over  500  deg.  C.  to  one  of  some- 
thing under  500  deg.,  or,  so  to  speak,  on  the 
quickness  of  extinction  of  its  glow,  effected  by 
exposing  it  to  a  temperature  within  other 
limits.  When  this  is  recognized,  the  availa- 
bility of  fused  metals  for  steel  hardening  need 
not  any  longer  cause  surprise;  and  the  less 
would  it  do  so  if  it  were  supposed  that  the 
hardness  of  steel  depends  only  on  the  tempera- 
ture and  the  heat  conductivity  of  the  cooling 
liquid.  For  from  this  point  of  view  the  metals 
above  referred  to,  even  when  heated  to  fusing, 
must  ever  have  a  greater  hardening  power  than 
water.  But  although  these  metals  really 
harden  steel,  their  hardening  power,  as  M. 
Jarolimek  has  found  from  many  experiments, 
is  far  from  reaching  that  of  water.  The  reason 
is,  that  not  only  the  temperature  and  the  heat 
conductivity  of  the  liquid  affect  the  hardening 
power,  but  also  its  capacity  for  heat,  the  height 
of  its  boiling  point,  and,  with  low  boding  point, 
also  the  amount  of  latent  heat  of  the  produced 
vapor.  Proof  of  this  is  had  in  the  fact,  among 
others,  that  spirit  of  wine,  which  easily  passes 
into  vapor,  but  takes  only  a  small  amount  of 
latent  heat,  hardens  steel  badly;  and  as  re- 
gards water  especially,  this  can,  according  to 
M.  Jarolimek,  harden  steel  only  through  for- 
mation of  vapor,  so  that  its  heat  conduction  is 
only  of  secondary  importance,  though  it 
always  has  a  certain  role  in  the  hardening  pro- 
cess. 

In  the  immediate  neighborhood  of  a  metal 
heated  to  1000  deg  C.  or  even  to  500  deg.,  the 
temperature  is  one  at  which  water,  under  ordi- 
nary pressure,  cannot  remain  in  the  liquid  state, 
but  must  be  quickly  transformed  into  steam. 
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Hence  it  follows  that  also  the  steel  to  be  hard- 
ened, so  long  as  it  has  the  above  high  tempera 
ture,  and  it  retains  it  (according  to  what  has 
been  said)  till  the  commencement  of  its  hard- 
ening, cannot  enter  into  immediate  contact 
with  the  water,  but,  till  its  further  cooling, 
must  remain  sheathed  by  a  layer  of  vapor. 
This  sheathing  of  hot  steel  by  a  vapor  layer 
may  be  very  easily  perceived  when  a  glowing 
piece  of  wire  is  introduced  into  hot  water.  As 
water  heated  to  near  the  boiling  }  oint  very 
readily  passes  into  steam,  a  pretty  strong  steam- 
layer  is  formed  about  the  wire,  and  during  ex 
tinction  of  the  latter  is  slowly  lost  from  below 
upwards. 

Under  these  circumstances,  however,  the 
steel  cannot,  of  course,  yield  up  its  heat  imme- 
diately by  heat  conduction  to  the  water;  but 
since  the  steam  in  the  interval  cannot,  with  so 
slight  pressure,  be  much  heated,  the  yield  of 
heat  to  the  water  takes  place  principally 
through  radiation,  and  the  wall  of  water  sep- 
arated by  the  steam  from  the  steel  then  devel- 
ops vapors  constantly  and  by  rapid  vaporiza- 
tion, which  vapors  pass  to  the  upper  water- 
layers  and  are  there  condensed.  These  con- 
siderations have  an  eminently  practical,  as  well 
as  a  theoretical  interest,  for  they  lead  to  essen- 
tially new  and  rational  processes  for  the  hard- 
ening of  steel.  The  perception,  namely,  that 
formation  of  vapor  promotes  the  hardening 
process,  since  it  takes  up  a  great  deal  of  heat 
in  its  production,  teaches  that  only  a  little 
water  is  needed  for  hardening  of  steel,  and 
that  it  is  very  important  so  to  arrange  that  the 
vapor  formed  is  very  quickly  removed,  so  that 
new  vapors  may  be  rapidly  formed 

We  will  not  here  further  enlarge  on  the  prac 
tical  consequences  of  these  principles,  and  will 
merely  state  that  four  methods  of  hardeniug 
steel  may  be  deduced,  viz.,  the  hardening  by 
slow  immersion,  by  action  of  a  stream  of  water 
— two  methods  formerly  known — further,  the 
hardening  by  sprinkling,  and  by  the  action  of 
water  dust.  These  two  latter  new  methods  are 
very  advantageous  on  account  of  the  small  use 
of  water.  Lastly,  it  may  be  mentioned  that 
the  knowledge  that  hardening  occurs,  even 
with  a  temperature  of  500  deg. ,  and  400  deg. , 
has  led  to  the  adoption  of  that  mode  of  harden- 
ing in  which  the  steel  is  first  quickly,  then 
slowly,  cooled;  it  is  thereby  hardened  in  the 
first  stage,  and  annealed  in  the  second.  Vari- 
ous modifications  of  the  methods  make  it  possi- 
ble to  regulate  the  whole  process  in  any  de- 
sired way,  and  always  reach  the  degree  of  hard- 
ness intended. 

ON  THE  UCHATIUS  STEEL  PROCESS  AT  WlK- 
manshytte,  Sweden. — In  this  process, 
steel  is  produced  by  fusing,  in  crucibles,  a  mix- 
ture of  finely  divided  cast  iron  with  pure  rich 
iron  ore  which  has  been  previously  roasted 
and  reduced  to  powder.  The  pig  iron,  which 
is  from  one- third  to  one-fourth  white  (Swedish 
classification  ?),  is  granulated  by  running  it 
when  melted  into  a  bucketed  wheel  which  re- 
volves at  a  high  velocity  in  water.  The  ore  is 
the  best  quality  of  calcined  Bispberg  magnetite, 
stamped  fine  and  sifted,  care  being  taken  to 
select  only  the  very  richest.     These  prepara- 


tions are  necessary  to  obtain  the  complete  mix- 
ture of  the  ore  and  metal,  essential  for  the  pro- 
duction of  steel  of  good  quality.  If  the  ma- 
terials are  imperfectly  mixed,  the  steel  is  too 
hard  and  blows  in  the  ingot.  The  proportions 
of  metal  to  ore  in  the  charge  differ,  of  course, 
according  to  the  nature  and  temper  of  steel 
required.  It  is  usual  to  keep  the  weight  of 
metal  constant,  and  only  to  vary  that  of  the 
ore. 

The  melting  furnaces  are  of  the  ordinary 
Sheffield  pattern,  coke  being  used  as  fuel. 
Blacklead  pots  from  the  Battersea  works,  hold- 
ing ^  cwt.,  are  made  red  hot  before  charging, 
and  they  are  surrounded  in  the  furnace  with 
charcoal,  which  communicates  the  fire  to  the 
coke.  The  bottoms  of  old  pots  are  used  as 
covers,  and  stands  are  used  to  prevent  the  ad- 
hesion of  the  slag  formed  by  the, coke,  to  the 
pot.  '  If  this  should  occur,  the  pot  is  so  much 
cooled  that  it  becomes  impossible  to  command 
a  melting  heat.  Two  pots  are  placed  in  each 
furnace,  which  usually  makes  three  meltings 
per  day. 

As  soon  as  the  coke  is  well  ignited  the  fur- 
nace is  closed,  for  about  an  hour,  in  order  to 
warm  up  the  pots  gradually;  the  draught  is 
then  increased  by  opening  the  damper  at  inter- 
vals of  a  quarter  of  an  hour  until  it  is  com- 
pletely open.  About  three  and  a  half  hours 
are  required  for  complete  fusion  of  the  charge. 
The  pots  usually  stand  six  meltings,  but  the 
number  is  mainly  dependent  upon  the  quality 
of  the  coke,  which  must  be  of  the  very  best 
description.  With  the  milder  qualities,  of 
course,  only  a  smaller  number  can  be  got;  thus 
in  making  No.  6,  containing  from  0.3  per  cent, 
to  0.45  per  cent,  of  carbon,  which  requires 
from  seven  to  eight  hours  for  complete  fusion, 
the  pots  can  only  be  used  once. 

The  consumption  of  coke  is  about  71.5  bush- 
els daily,  when  two  furnaces,  making  three 
heats  each,  are  in  use,  corresponding  to  about 
11.6  bushels  per  cwt.  of  steel.  Formerly  a 
somewhat  smaller  quantity  was  required,  the 
increase  being  due  to  the  use  of  air  channels 
in  the  brickwork  for  cooling  the  walls,  which 
keep  the  furnace  in  shape,  and  allow  them  to 
run  longer  without  repair  than  was  peviously 
the  case.  The  interior  lining  of  the  melting 
furnace  is  made  of  a  mixture  of  coarse  and 
fine  quartz,  old  pots  ground  to  a  powder, 
but  free  from  dust,  worked  up  with  a  little  fire- 
clay in  water.  The  lining  lasts  four  days 
without  repair;  as  soon  as  it  begins  to  burn 
out,  the  holes  are  stopped  with  quartz  bricks 
of  about  the  same  composition,  air-dried  and 
molded  to  fit.  The  bottoms  of  old  melting 
pots  are  also  used  for  the  same  purpose. 

The  steel  is  classified  according  to  numbers; 
No.  02  being  the  hardest,  and  No.  3  the  softest, 
milder  numbers  being  only  produced  excep- 
tionally. The  intermediate  numbers  are  03,  1, 
and  2. 

No.  3  contains  from  0.7  to  0.85  per  cent,  of  carbon. 
"     2        "  "     0.85  "  0.95  "  " 

"     1        "  "      0.95  "  1.10  "  " 

"   03        "  "      1.10  "  1.20  •<  " 

"   02        "  "     1.20  "  1.30  "  " 

No.  02  is  used  almost  entirely  for  mill-stone 
dressing  tools,    but  to    a    smaller  extent  for 
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razors.  Nos.  03  and  1  are  tool  steels.  The 
latter  is  also  a  first-class  die  steel,  while  No.  3 
is  best  adapted  for  stone-cutting  tools  of  all 
kinds. 


RAILWAY  NOTES. 

Railroad  Fog  Signal. — Among  the  many 
devices  for  stopping  railroad  trains  by  a 
signal  from  a  distant  station,  is  an  electro  mag 
netic  apparatus  recently  examined  and  approv- 
ed by  the  French  Minister  of  Public  Works. 
It  consists  of  a  steam  whistle  on  the  engine, 
closed  by  a  valve  governed  by  a  spring  that  is 
controlled  by  a  common  electro-magnet.  From 
the  magnet  extends  a  wire  down  the  side  of 
the  engine,  and  ending  in  a  steel  wire  brush 
about  eight  inches  long,  suspended  just  outside 
of  and  above  the  rail.  At  the  signal  post. a 
small  copper  plate  is  set  up  about  four  inches 
from  the  rail,  and  on  a  level  with  the  bottom 
of  the  brush  on  the  engine;  this  is  then  con- 
nected with  the  signal  service  of  the  line 

On  passing  the  signal,  the  brush  on  the  en- 
gine sweeps  over  the  copper  plate  and  makes 
an  instant  connection  with  the  line.  The  mag- 
net is  at  once  released,  and  by  means  of  the 
spring  the  valve  is  opened  and  the  whistle 
sounds.  The  driver  is  thus  warned  of  danger, 
whether  he  sees  the  usual  signal  or  not,  or  in 
spite  of  them  if  they  are  disarranged.  If  every 
signal  station  is  supplied  with  this  apparatus, 
the  driver  may  be  ordered  to  run  slow  to  the 
next  signal,  to  stop  there,  or  to  go  on  if  the 
road  is  clear,  according  to  a  pre-arranged  sys- 
tem of  signals,  and  all  of  this  quite  independ- 
ently of  the  usual  sight  signals.  The  apparatus 
is  reported  to  work  with  precision  and  certain- 
ty, and  has  been  officially  recommended  to  all 
the  French  lines. 

The  Durability  of  Impregnated  Sleep- 
ers.— At  the  late  meeting  of  German 
raihva}T  engineers  at  Constance,  Privy  Coun- 
cillor Funk  communicated  some  facts  regard- 
ing the  preservation  of  railway  sleepers  by  im- 
pregnation. From  observations  made  on  the 
Cologne  Minden  Railway  and  on  the  Hano- 
verian State  Railways,  it  appears  that  the  du- 
rability of  sleepers  depends  very  much  on  the 
different  methods  of  treatment  to  which  they 
are  subjected  before  laying  down.  The  results 
obtained  at  the  above  railways  showed  that — 

Pine  sleepers,  impregnated  with  chloride  of 
zinc,  after  being  in  use  for  twenty-one  years, 
required  renovation  in  the  proportion  of  31  per 
cent,  of  those  laid  down: 

Beech  sleepers,  impregnated  with  creosote, 
after  a  use  of  twenty-two  years,  in  the  propor- 
tion of  46  per  cent. : 

Oak  sleepers,  not  impregnated,  after  seven- 
teen years'  use,  in  the  proportion  of  49  per 
cent, : 

Oak  sleepers,  impregnated  with  chloride  of 
zinc,  after  seventeen  years,  in  the  proportion  of 
20.7  per  cent. 

In  all  these  cases  the  observations  were  made 
under  exceptionally  favorable  circumstances, 
viz.,  the  sleepers  were  embedded  in  good  and 
clean  ballast,  perfectly  drained. 

Pieces  cut  out  of  sleepers  remaining  in  the 
permanent  way,  after  the  lapse  of  the  above 


periods  of  observation,  showed  perfectly  sound 
cross  sections. 

In  connection  with  the  above  highly  satisfac- 
tory results  obtained  with  impregnated  sleepers 
on  German  railways,  it  may  be  mentioned  that 
similar  observations  have  been  made  for  a 
number  of  years  on  an  Austrian  raihvay, — the 
Kaiser  Ferdinands-ISlordbahn.  It  appears  from 
them  that  renovation  was  found  to  be  necessary 
with 

Oak  sleepers,  not  impregnated,  after  a  use  of 
twelve  years,  in  the  proportion  of  74.48  per 
cent. : 

Oak  sleepers,  impregnated  with  chloride  of 
zinc,  after  seven  years,  in  the  proportion  of 
3.29  percent.: 

Oak  sleepers,  impregnated  with  tar-oil,  con- 
taining creosote,  after  six  years,  in  the  propor- 
tion of  0.09  per  cent. : 

Pine  sleepers,  impregnated  with  chloride  of 
zinc,  after  sevSn  years,  in  the  proportion  of 
4.46  per  cent. 

The  impregnated  pine  sleepers  upon  which 
the  above  observations  were  made  were  put 
down  in  1869,  in  the  stations  of  the  Mahrisch- 
Schlesische  Nordbahn.  Since  1869  and  1870, 
only  oak  sleepers,  previously  impregnated  with 
chloride  of  zinc  or  with  tar  oil  containing  creo- 
sote, have  been  in  use  on  the  Kaiser  Ferdi- 
nands-Nordbahn. 

The  cost  of  railroad  construction  has  been  so 
remarkably  reduced  within  the  last  three 
years,  that  the  roads  now  building  will  be  able 
to  do  business  at  a  great  advantage  over  the 
older  roads.  Not  only  are  numerous  narrow- 
gauge  roads  being  built  at  the  rate  of  from 
$6,000  to  $9,000  per  mile,  but  the  new  standard 
gauge  lines  are  costing,  in  many  cases,  scarcely 
half  they  would  have  cost  ten  years  ago.  The 
Columbus  &  Toledo  Railroad,  in  Ohio,  now 
rapidly  approaching  completion,  while  it  is  a 
first-class  railway  in  respect  to  alignment, 
grades,  ties,  road  bed  and  rails,  and  one  half 
of  the  rails  are  of  steel,  has  cost,  it  is  said,  on 
the  average,  only  $15,000  a  mile.  If  this  rate 
is  not  exceeded  when  the  whole  121  miles  of 
the  road  are  completed,  the  company  will  have 
an  immense  advantage  over  its  neighbors  in  re- 
spect to  cost  and  the  consequent  portion  of  its 
earnings  required  to  meet  interest  on  the 
original  investment.  To  illustrate  this  we  take 
at  random  from  the  report  of  the  Ohio  Railway 
Commissioners,  the  figures  showing  the  cost  of 
construction,  without  equipment,  of  several  of 
the  roads  in  that  State : 

Columbus  &  Toledo,  as  above  reported $15,000 

Cincinnati,  Hamilton  &  Indiana 26,000 

Marietta,  Pittsburg  &  Cleveland 36,526 

Cincinnati  &  Muskingum  Valley 37.319 

Central  Ohio 39,086 

Columbus  &  Hocking  Valley  (of  which  the  Col- 
umbus &  Toledo  is  virtually  an  extension). . .     38,000 
Cleveland,  Columbus,  Cincinnati  &  Indianapolis    54,018 

Pan  Handle  &  Youngstown  52,915 

Little  Miami 53.486 

Cincinnati  &  Springfield 63,524 

Cleveland  &  Pittsburg.... 64,487 

Lake  Shore  &  Michigan  Southern 66,540 

Cincinnati,  Hamilton  &  Dayton 72,342 

Cincinnati  &  Indiana 99,132 

It  is  certain  that  if  railroads  can  now  be  built 
at  one-half,  one-quarter  and  even  one  sixth  the 
cost  of  existing  roads,  the  new  roads  ought  to 
make  money  if  the  old  can  even  live 
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ENGINEERING  STRUCTURES. 

The  Great  Blast  at  Hell-Gate.— The 
great  explosion,  so  long  talked  of,  was 
successfully  and  we  may  add  in  view  of  public 
expectation,  quietly  conducted  on  the  afternoon 
of  the  24th  ult. 

Work  was  commenced  as  far  back  as  July, 
1869,  by  building  a  coffer-dam  between  high 
and  low-waler  marks.  This  dam  was  finished 
in  October,  and  the  sinking;  of  a  huge  shaft  im- 
mediately ensued.  This  shaft  or  pit,  measured 
117  feet  in  its  greatest  length,  and  sixty-two 
feet  in  its  greatest  width;  the  depth  below  low 
water  was  thirty-three  feet.  From  the  bottom 
of  the  shaft  ten  headings  were  driven.  These 
radiated  under  the  entire  reef.  They  were 
from  ten  feet  to  twenty -two  feet  high,  and  of 
various  lengths,  the  average  being  about  270 
feet.  These  were  connected  again  by  cross 
galleries  at  every,  thirty  feet.»  The  galleries 
were  roughly  of  the  same  section  as  the  main 
headings  or  tunnels.  The  whole  space  was 
thus  converted  into  a  vast  honeycomb,  the 
roof  of  solid  rock  under  the  river  being  held 
up  by  the  columns  left  to  support  it.  These 
columns  were  finally  reduced  as  much  as  was 
deemed  prudent,  by  minor  headings,  until 
finally  173  piers  w^re  formed  averaging  about 
ten  feet  each  in  thickness.  The  entire  reef, 
covering  an  area  of  three  acres,  was  thus  un- 
dermined. The  aggregate  length  of  tunnels 
and  galleries  driven  under  the  bed  of  the  river 
was  7425  feet.  From  the  excavation,  47,461 
cubic  yards  of  rock  were  removed  by  drilling 
and  blasting;  this  operation  required  208,174 
lineal  feet  or  391  miles,  of  drill  holes,  of  which 
90,107  feet  in  depth  were  drilled  by  hand,  and 
118,067  feet  by  various  kinds  of  machine 
drills,  viz.,  the  Burleigh,  Diamond,  Rand, 
Winchester,  Wood,  Ingersoll  and  Waring 
drills,  worked  by  compressed  air.  The  follow- 
ing quantities  and  kinds  of  explosives  were 
used  in  blasting  the  rocks: — Blasting  powder, 
24,431  lb.;  nitroglycerine,  26,471  lb.;  giant 
powder,  1932  lb. ;  mica  powder,  600  lb. ;  vul- 
can  powder,  4017  lb. ;  rend  rock  1500  lb. — 
total  58,951  lb.  In  exploding  these  com- 
pounds, 63,756  exploders,  and  331,516  ft  ,  or 
62£  miles,  of  Bickford's  safety  fuse  were  used. 
In  all,  about  75,000  blasts  were  fired.  The 
usual  method  of  driving  a  tunnel  was  as  fol- 
lows:— The  face  of  the  rock  was  pierced  ob- 
liquely with  as  many  drill-holes,  from  three 
feet  to  four  feet  in  depth,  as  were  deemed 
necessary;  the  charges  were  then  prepared  by 
placing  the  explosive  in  water-tight  paper  car- 
triges,  from  eight  inches  to  twelve  inches 
long,  and  containing  from  eight  ounces  to 
twelve  ounces  of  explosive;  into  each  of  these 
cartridges  was  inserted  a  copper  cap  contain- 
ing mercury  fulminate,  fastened  to  the  end  of 
a  piece  of  safety  fuse,  generally  about  five  feet 
in  length.  The  cartridge  was  then  pushed  to 
the  bottom  of  each  hole,  which  was  filled  with 
water.  The  end  of  the  fuses  hanging  from  the 
drill  holes  were  then  ignited.  The  broken 
rock  was  then  loaded  upon  small  cars  carrying 
about  one-third  of  a  cubic  yard  each,  which 
were  hauled  by  mules  along  a  railway  to  a 
turntable  near  the  middle  of  the  floor  of  the 


shaft,  where  a  derrick  worked  by  steam  hoist- 
ed the  car  body  and  its  contents  off  the  truck 
to  the  top  of  the  shaft;  and  the  rock  there 
dumped  into  a  tipping  car,  attached  to  a  small 
steam  locomotive,  which  conveyed  the  debris 
and  deposited  it  at  the  end  of  the  spoil  bank. 
The  excavations  were  completed  in  June,  1875, 
and  since  that  period  the  piers  and  under  sur- 
face of  the  roof  were  pieiced  with  numerous 
blast  holes,  to  effect  the  final  demolition. 

The  destruction  of  the  supporting  columns 
was  effected  by  exploding  simultaneously  a 
very  large  number  of  distinct  cartridges  placed 
in  holes  in  the  pillars.  We  do  not  hesitate  to 
state  that  never  before  were  so  many  isolated 
charges  exploded  at  once  as  on  the  afternoon  of 
the  24th  of  September,  and  very  considerable 
difficulty  was  incurred  in  effecting  electrical 
communication  between  them  all  and  the  bat- 
teries. The  work  of  charging  the  holes  in  the 
columns  began  at  half -past  seven  on  the  morn- 
ing of  the  12th  inst.,  fifteen  trustworthy  men 
being  picked  out  for  the  work.  Three  different 
explosives  were  used,  namely,  dynamite,  rend 
rock,  and  giant  powder,  each  supplied  by  a 
different  company.  The  total  quantity  bought 
was  about  57,000  lb.,  delivered  in  cartridges 
packed  in  boxes,  each  box  holding  100  lb.  The 
cartridges  were  metallic  and  all  of  the  same 
length,  about  one  foot  eleven  inches,  but  the 
diameter  varied,  four  different  sizes  being 
used,  21  in.,  2  in.  l#  in.,  and  If  in.  The 
average  depth  of  the  holes  drilled  in  the  col- 
umns was  ten  feet.  It  was  found  impossible 
to  keep  the  bores  of  the  same  diameter  through- 
out this  distance,  hence  the  necessity  for  the 
variation  in  the  size  of  the  cartridges.  The 
smallest,  containing  about  ten  pound  of  ex- 
plosive, was  placed  at  the  bottom  or  furthest 
extremity  of  the  hole,  and  was  succeeded  by 
three  other  cartridges.  The  most  powerful  ex- 
plosive was  placed  in  the  smallest  cartridges. 
There  were  in  all  4462  charged  holes,  contain- 
ing 52,2061b.  of  explosives,  and  to  avoid  con- 
fusion, before  the  work  of  filling  them  began, 
wooden  plugs  were  stuck  into  each  hole,  each 
of  these  plugs  was  fitted  with  a  small  tin  disc 
bearing  a  number,  and  the  plugs  were  united 
by  cords  running  in  the  same  direction  as  that 
afterwards  taken  by  the  conducting  wires  from 
the  battery.  When  all  the  holes  were  charged, 
the  electrical  staff  commenced  operations, 
placing  in  each  hole  an  exploding  cartridge, 
about  one  foot  long,  and  lined  with  vulcanite. 
In  each  cartridge  was  a  small  brass  cylin- 
der two  inches  long  and  five-eighth  inch 
in  diameter,  containing  mercury  fulminate, 
traversed  by  a  minute  platinum  wire.  The  ex- 
plosion of  the  first  cartridges  was  deAned  to  be 
sufficient  to  explode  all  the  others  in  the  hole, 
and  the  result  has  been,  so  far  as  can  be  known, 
consistent  with  this  theory.  It  will  be  under- 
stood, of  course,  that  the  electrician  removed 
each  peg  as  he  went,  replacing  it  with  an  ex- 
ploding cartridge.  All  the  wires  were  collect- 
ed and  grouped  into  two  cables  wThich  led  di- 
rectly to  the  batteries.  No  details  as  to  the 
construction  of  the  batteries  finally  adopted 
after  much  speculation  and  experiment,  have 
as  yet  reached  this  country.  A  large  number 
of  holes  were  opened  to  less  than  the  proper 
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depth,  either  because  water  was  encountered 
in  quantity,  or  hard  veins  of  rock  practically 
impenetrable  by  the  drills  were  encountered. 
Into  such  borings,  however,  cartridges  were 
stuck  without'  any  exploders,  on  the  chance 
that  they  would  go  off  in  the  general  concus- 
sion. 

No  tamping  of  any  kind  was  employed. 
But  before  the  charges  were  exploded  water 
was  admitted  to  fill  the  workings,  and  this 
proved  quite  sufficient  for  every  purpose.  The 
holes  were  bored  in  the  columns  at  distances 
of  about  two  feet  apart  vertically,  while  num- 
bers of  cartridges  were  inserted  in  the  roof,  as 
close  as  possible  to  the  heads  of  the  pillars,  to 
ensure  the  destruction  of  these  last  for  a  couple 
of  feet  at  all  events.  The  descent  of  the  super- 
incumbent mass  once  begun,  would  effect  the 
rest. 

The  charges  are  arranged  ia  what  are  termed 
battery  groups,  there  being  184  of  these  groups 
of  twenty  charges  each.  The  priming  fuse  is 
the  ordinary  electric  fulminate  of  mercury  ex- 
ploder. The  wires  of  a  group  were  connected 
each  to  each.  A  short  distance  from  the  mine 
a  strong  bomb-proof  was  built  in  which  the 
batteries  were  placed.  These  batteries  con- 
sisted of  960  bichromate  of  potash  cells,  the 
zinc  and  carbon  plates  opposiDg  an  area  of 
forty  square  inches  each  to  the  fluid.  These 
cells  were  divided  into  twenty-three  batteries 
of  about  forty-two  cells  each  connected  for  in- 
tensity. Each  battery  exploded  eight  groups 
of  holes  or  160  fuses  in  continuous  circuit. 
The  wires  from  the  batteries  to  the  charges 
were  insulated  by  a  gutta  percha  coating, 
and  placed  in  wooden  boxes  to  prevent  abra- 
sion. 

The  circuit  closer  consisted  of  twenty-three 
brass  pins  which  were  to  drop  simultaneously 
into  twenty-three  mercury  cups,  thus  closing 
each  battery  circuit  at  the  same  instant.  The 
plate  containing  the  brass  pins  wTas  held  by  a 
fuse  or  torpedo,  which  was  exploded  by  a 
separate  battery  situated  at  a  safe  distance. 
This  circuit  was  finally  closed  by  Gen.  Newton's 
little  three  year  old  daughter. 

The  spectacle— as  a  spectacle — was  not  very 
grand.  There  was  a  very  moderate  report,  and 
not  a  very  considerable  upheaval  of  the  water. 
But  it  is  interesting  to  note  that  the  under- 
ground tremor  was  felt  as  a  mild  earthquake 
for  some  distance.  The  latest  reports  on  the 
subject  are  to  the  effect  that  soundings  taken 
by  General  Newton  show  that  all  that  was  in- 
tended has  been  accomplished. 


ORDNANCE  AND  NAVAL. 

The  New  United  States  Steamer  Tren- 
ton.— The  Trenton  is  said  to  be  one  of 
the  finest  and  probably  fastest  vessels  in  the 
naval  service,  being  fitted  with  compound  en- 
gines, two  low-pressure  and  one  high-pressure 
cylinders,  the  former  seventy-eight  inches  in 
diameter,  and  the  latter  58-£  inches  in  diameter, 
and  all  of  four  feet  stroke,  with,  an  indicated 
3500-horse  power.  She  has  eight  cylindrical 
boilers,  twelve  feet  in  diameter,  and  ten  feet 


^hree  inches  long,  with  510  feet  of  grate  sur- 
face, and  12,000  feet  of  heating  surface.  The 
propeller  is  the  Hirsch  four-bladed  screw,  19.5 
feet  diameter,  and  twenty-eight  feet  mean  pitch. 
The  length  of  the  vessel  is  253  feet  between 
perpendiculars,  forty-eight  feet  beam,  and 
twenty-three  feet  depth  of  hold  from  main 
deck.  She  is  to  be  full  ship  rigged,  and  will  be 
armed  with  eleven  eight  inch  rifled  guns.  She 
is  also  to  be  a  ram,  being  provided  with  a  prow 
extending  eight  feet  beyond  the  bow.  The 
vessel,  of  2300  tons  burden,  was  designed  by 
Naval  Constructor  Isaiah  Hanscom.  Hereto- 
fore it  has  been  difficult  to  make  the  sailors 
comfortable  in  cold  weather,  owing  to  the 
danger  of  the  heating  apparatus,  from  bursting 
tubes,  and  the  necessity  of  shutting  off  the 
steam  at  night  in  order  to  sleep.  This  annoy- 
ance has  been  overcome  by  adopting  a  new 
open  base  radiator,  which  is  so  arranged  that 
water  can  never  accumulate  in  the  pipes  from 
condensation  causing  unequal  expansion  and 
irequent  bursting  of  the  tubes.  The  Trenton 
will  be  capable  of  going  at  a  mean  speed  of 
thirteen  knots,  and  will  be,  it  is  expected,  one 
of  the  most  formidable  cruisers  of  the  navy. — 
Scientific  American. 

A  Formidable  War  Engine.— The  United 
States  torpedo  boat  Alarm,  now  lying  at 
the  navy  yard,  has  an  armament  consisting  of 
one  fifteen  inches  Dahlgren  gun,  ringed  to  fire 
from  the  bow;  four  Gatling  guns  that  are  rig- 
ged on  the  rail  and  can  be  shifted  from  side  to 
side  in  less  than  one  minute,  and  three  torpedo 
bars,  one  on  each  side  of  the  bow  and  one  run- 
ning out  of  the  prow,  which  extends  forty  feet 
ahead  of  the  bow — twenty -five  feet  of  it  bein.^ 
under  the  surface  of  the  wTater.  The  prow  is 
so  constructed  that  it  can  be  used  as  a  ram 
when  necessary,  and  is  formed  of  iron  four 
inches  and  six  inches  thick,  in  such  form  that 
it  is  perfectly  buoyant,  and  instead  of  tending 
to  drive  the  vessel's  bow  nose  under  a  heavy 
sea,  has  a  stronger  tendency  to  keep  it  free. 
The  two  bow  torpedo  bars  are  each  fifteen  feet 
in  length,  and  are  so  arranged  that  they  can  be 
run  inside  of  the  vessel  to  ship  the  torpedoes, 
and  run  out  again  to  discharge  'them.  They 
pass  through  the  side  of  the  vessel  in  a  water- 
tight sleeve,  about  three  feet  below  the  water 
line,  and  the  orifices  being  filled  with  water- 
tight valves  there  is  no  fear  of  any  flow  of 
water  from  the  outside.  The  prow  torpedo 
bar  is  worked  in  the  same  manner  as  the  others, 
but  can  be  run  out  twenty  feet  beyond  the 
point  of  the  prow,  so  that  the  torpedo  will 
actually  be  discharged  sixty  five  feet  from  the 
bow  of  the  vessel.  The  guns  and  torpedoes 
can  be  fired  by  electricity,  governed  by  a  key- 
board in  the  pilot  house,  and  the  battery  is 
strong  enough  to  discharge  the  gun  and  explode 
the  torpedo  simultaneously.  The  latter  can 
also  be  exploded  by  concussion.  Both  gun 
and  torpedo  bars  can  be  operated  wholly  by 
steam  if  required,  and  so  instantaneous  is  the 
application  that  much  time  is  saved  over  the 
old  method  of  working  everything  by  hand. 
Each  of  the  Gatling  batteries  is  capable  of 
firing  400  discharges  a  minute. — New  York 
Commercial. 
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BOOK  NOTICES, 

Plumbing.  By  William  Paton  Buchan. 
London  :  Crosby,  Lockwood  &  Co.  For 
sale  by  D.  Van  Nostrand.     Price  $1.20. 

A  book  for  the  artisan,  but  containing  valua- 
ble hints  for  the  householder. 

The  modern  methods  of  house  drainage  form 
a  proper  supplement  to  the  treatise  on  plumb- 
ing. 

Although  a  medium  sized  volume  of  the 
famous  Weale's  Series,  it  contains  two  hun- 
dred and  seventy-nine  illustrations. 

The  Fleets  op  the  World — The  Galley 
Period.  By  Commodore  Foxhall  A. 
Parker.  (In  Press.)  New  York:  D.  Van 
Nostrand. 

This  is  not  a  work  on  Naval  Architecture, 
but  a  readable  historical  sketch  of  the  primitive 
and  transition  states  of  sea-going  vessels,  and 
the  maneuvres  of  which  such  rudimentary 
forms  were  capable. 

The  author  is  an  officer  of  forty  years'  serv- 
ice in  the  navy,  and  has  exhibited  a  profes- 
sional interest  in  his  subject.  The  description 
of  ancient  sea-fights  is  especially  vivid  and 
masterly,  and  the  careful  reader  will  not  fail  to 
notice,  that  although  in  graphic  detail  it  is 
hardly  surpassed  by  the  record  of  modern 
events  by  the  inevitable  reporter,  it  is  really 
the  work  of  a  careful  historian,  who  has  em- 
ployed legitimate  means  to  clearly  interpret 
the  facts  he  has  gathered. 

The  Elements  of  Graphic  Statics.  By 
Karl  Von  Ott.  Translated  from  the 
German  by  George  Sydenham  Clarke.  New 
York  and  London  :  E.  &  F.  N.  Spon.  For 
sale  by  D.  Van  Nostrand.     Price  $2.00. 

Graphic  statics  is  growing  in  favor.  The 
little  work  of  Von  Ott  is  more  rudimentary 
than  the  other  treatises  in  English  on  this 
science. 

The  translator  has  omitted  a  short  chapter 
of  graphic  arithmetic,  which  is  found  in  the 
German;  otherwise,  the  excellencies  of  the 
original,  and  they  are  many,  are  reproduced  in 
the  translation. 

The  little  work  is  in  three  parts ;  the  first 
dealing  with  methods  of  graphic  solution,  the 
second  with  framed  structures,  and  the  third 
with  the  strength  of  materials. 

The  diagrams  are  distributed  through  the 
text. 

The  Theory  of  Color  in  its  Relation  to 
Art  and  Art  Industry.  By  Dr. 
Wilhelm  Von  Bezold,  translated  from  the 
German.  By  S.  R.  Koehler.  Boston  :  L. 
Prang  &  Co.  For  Sale  by  D.  Van  Nostrand. 
Price  $5.00. 

This  treatise  is  based  on  the  science  of  optics, 
and  ignores  the  rules  deduced  from  the  theo- 
ries of  artists,  or  rather  writers  upon  art.  Of 
these  latter  several  have  promulgated  rules  for 
observance  by  colorists,  which  rules  were  well 
enough  in  their  way,  but  when  the  writers  un- 
dertook to  establish  a  rigorous  classification  of 
colors,  tints,  hues,  etc.,  some  remarkable  dif- 
ferences appeared  among  good  authorities,  and 
much  confusion  in  our  text  books  has  been  the 
result. 


The  illustrations  of  the  book  are  excellent 
especially  the  colored  lithographs. 

An  introduction  by  Prof.  Pickering  sets 
forth  the  value  of  the  work  in  strong  terms  of 
approbation. 

All  students  and  teachers  of  physical  science 
need  the  book. 

Sanitary  Work  in  the  Smaller  Towns 
and  Villages.  By  Charles  Slagg. 
London  :  Crosby  Lockwood  &  Co.  For  Sale 
by  D.  Van  Nostrand.     Price  $2.50. 

Notwithstanding  the  abundance  of  new  litera- 
ture, on  sanitary  subjects,  this  latest  contribu- 
tion is  not  in  excess  of  the  public  needs.  <  In 
the  new  crusade  against  uncleanliness,  cities 
were,  for  obvious  reasons,  the  first  object  of 
attack ;  but  it  is  well  known  that  many  customs 
capable  of  engendering  the  so-called  filth  dis- 
eases, •  have  their  origin  in  the  country.  To 
such  customs  Mr.   Slagg  gives  his  attention. 

The  work  is  divided  into  three  parts,  as  fol- 
lows: Part  I,  Some  of  the  more  common  forms 
of  nuisance  and  their  remedies.  Part  II,  Drain- 
age. Part  III,  Water  Supply.  The  author's 
style  is  exceptionally  clear  and  concise  and  his 
book  deserves  a  wide  circulation. 

Notes  on  Building  Construction.  Part 
II.  London,  Oxford  &  Cambridge  : 
Rivingtons.  For  Sale  by  D.  Van  Nostrand. 
Price  $3.50. 

Readers  who  have  become  familiar  with  Part 
I  of  this  exceedingly  practical  work  will  gladly 
learn  of  the  appearance  of  Part  II. 

The  author's  plan  comprehended  an  aid  to 
students  who  designed  to  become  build*  rs,  as 
well  as  a  valuable  hand  book  for  architects  en- 
gaged in  directing  practical  operations. 

The  subjects  treated  in  the  present  volume 
are  :  Brick  Work  and  Masonry;  Timber  Roofs; 
Roof  Coverings;  Compound  Beams;  Joinery; 
Stairs;  Riveting;  Iron  Roofs;  Plasterers  Work ; 
Painting;  Paper-hanging  and  Glazing. 

Some  of  these  sections  are  supplementary  to 
those  bearing  the  same  title  in  the  first  volume. 

The  books  are  well  illustrated;  but  much  of 
the  writing  is  hastily  done,  and  anything  like 
logical  arrangements  of  subjects  seems  to  have 
been  ignored. 

Traitement    Pratique    Des   Vins.      Par 
Raimond  Boireau.     Paris:   E.  Lacroix. 
For  sale  by  D.  Van  Nostrand.     Price  $2.00. 

This  work  is  much  less  cumbersome  than 
the  English  works  that  promise  the  same  in- 
formation, and  is  withal  more  thoroughly 
practical.  It  is  a  book  for  the  wine  manufac- 
turer. The  minutest  details  of  the  commonest 
processes  are  described  and  illustrated  with 
diagrams.  Fig.  72  is  a  common  and  ugly  form 
of  pitcher.  Fig.  89  is  a  corkscrew  of  an  old 
pattern.  Figs.  17, 18  and  22,  are  garden  water- 
ing-pots. Most  of  the  125  cuts,  however,  are 
important  aids  to  the  descriptive  text,  al- 
though the  writer  seems  to  have  prepared  his 
work  for  readers  who  have  little  or  no  invent- 
ive powers,  at  least  in  the  direction  of  me- 
chanical operations.  Excess  of  plain  directions 
is  a  fault  easily  tolerated  in  such  works,  and 
is  quite  as  acceptable  as  the  chemical  formulas 
usually  found  in  books  on  wines. 


BOOK  NOTICES. 
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RECUEIL  D'EXERCISES  SUR  LA  MECANIQUE 
Rationelle.  Par  A.  De  Saint  Germain. 
Paris:  Gauthier  Villars.  For  sale  by  D.  Van 
Nostrand.     Price  $1.40. 

This  work  is  in  three  parts,  devoted  respect- 
ively to  Statics,  Cinematics  and  Dynamics. 

Although  employing  the  Calculus,  the  work 
can  hardly  be  called  difficult  to  students  who 
have  made  a  fair  beginning  in  Analytic  Me 
chanics. 

The  Elements  of  Analytical  Mechanics. 
By  De  Volson  Wood,  A.  M.,  C.  E.  New 
York  :  John  Wiley  &  Sons.  For  sale  by  D. 
Van  Nostrand.     Price  $3.00. 

The  author  of  this  new  work  is  well  known 
as  a  writer,  a  civil  engineer,  and  as  an  in- 
structor in  one  of  the  leading  technical  schc  ols. 
The  work  before  us  combines  the  excellencies 
which  one  is  entitled  to  expect  from  such  a 
source. 

Prof.  Wood's  long  experience  as  an  instructor 
has  made  him  fully  aware  of  the  difficulties 
which  the  learner  must  encounter  in  this 
branch  of  applied  mathematics.  His  experi- 
ence as  a  practical  engineer  has  rendered  him 
quite  as  familiar  with  the  ultimate  objects  of 
such  training.  The  result,  as  represented  in 
the  Analytical  Mechanics,  is  a  book  which 
combines  qualities,  not  heretofore  presented  in 
the  same  treatise. 

The  practice  in  our  best  schools  has  been  of 
late  to  employ  two  separate  treatises  for  in- 
struction in  Mechanics,  the  one  purely  Analyt- 
ical in  character,  and  another  quite  as  dis- 
tinctly practical;  and  out  of  these  a  course  was 
picked  for  the  student.  The  necessity  for 
such  a  plan  of  teaching  is,  we  judge,  entirely 
superseded  by  this  new  treatise.  Analytical 
processes  are  thoroughly  taught,  and  the  end 
to  which  they  are  practically  directed  is  fully 
presented. 

As  a  preparation  for  the  higher  treatises  of 
Mechanics  or  Astronomy,  we  know  of  nothing 
better. 

THE  MOON,  AND  THE  CONDITION  AND  CON- 
FIGURATIONS of  its  Surface.  By  Ed- 
mund Neison,  F.  R.  A.  S.  London:  Long- 
mans, Green,  &  Co.  For  Sale  by  D.  Van  Nos- 
trand.    Price  $15.00. 

The  greater  portion  of  the  material  forming 
the  present  work  is  new,  and  has  been  mainly 
derived  from  eight  years  constant  selenographi- 
cal  observations.  These  were  principally  made 
with  an  excellent  six  inch  equatorial,  of  fine 
definition.  They  include  a  series  of  several 
hundred  lunar  sketches  and  drawings,  which 
served  as  material  for  revising  a  considerable 
portion  of  the  great  lunar  map  of  Beer  and 
Madler.  For  this  purpose  use  has  also  been 
made  of  a  collection  of  some  hundred  lunar 
sketches  made  of  late  years  by  different  astrono- 
mers, and  which  from  time  to  time  have  been 
sent  to  the  author. 

As  it  has  been  in  general  assumed,  entirely 
without  any  foundation,  that  the  Moon  can 
have  no  atmosphere  of  any  appreciable  impor- 
tance, it  has  been  considered  desirable  to  point 
out  how  entirely  baseless  this  view  is,  and  to 
show  not  only  that  the  Moon  may  possess  an 
atmosphere    relatively   little    inferior   to    the 


Earth's,  but  also  that  the  entire  evidence  we 
possess  on  this  subject  is  strongly  favorable  to 
the  Moon  actually  possessing  such  an  atmo- 
sphere. 

To  the  mathematical  portion  of  Selenography 
much  has  been  added,  including  nearly  400 
measures  of  the  position  of  points  of  the  first 
order;  the  determination  from  some  200  mea- 
sures of  nearly  100  points  of  the  second  order; 
a  considerable  number  of  measures  of  the  di- 
mensions of  different  formations,  and  a  num- 
ber of  determinations  of  the  height  of  different 
lunar  mountains.  Most  of  Madler's  estimations 
of  brightness  have  been  revised,  and  a  consid- 
erable number  of  new  objects  have  had  their 
brightness  determined. 

Course  in  Descriptive  Geometry  and 
Stereotomy.  By  S.  Edward  Warren, 
C.  E. ,  of  the  Massachusetts  Institute  of  Tech- 
nology. New  York  :  John  Wiley  &  Sons. 
For  sale  by  D.  Van  Nostrand. 

1.  Elementary  Free-Hand  Geometrical  Draw- 

ing. 

2.  Elementary  Plane  Problems. 

3.  Drafting  Instruments  and  Operations. 

4.  Elementary  Projection  Drawing. 

5.  Elementary  Linear  Perspective. 

The  above  series  makes  up  the  elementary 
course,  and  is  supplemented  by  a  like  number 
of  volumes  extending  to  the  higher  branches 
of  the  science. 

The  first  series  is  admirably  adapted  for  the 
use  of  students  who  must  work  without  an  in- 
structor. The  methodical  arrangement  of  this 
author  is  a  more  efficient  aid  to  learning  than 
the  elucidations  of  the  average  teacher  of 
drawing. 

The  first  of  the  above  series  is  of  value 
chiefly  for  its  suggestions  for  rudimentary 
practice,  but,  many  who  are  beyond  this  stage 
of  learning  would  do  well  to  have  the  Eighth 
Chapter  at  hand  for  reference  when  lettering 
maps  or  drawings. 

Elementary  Plane  Problems  is  a  book  for 
every  teacher  of  Geometry.  There  is  no  bet- 
ter stimulus  to  a  student  of  plane  geometry 
than  problems  selected  with  reference  to  his 
advancement. 

Drafting  Instruments  and  Operations  affords 
useful  hints  as  to  the  proper  use  of  the  imple- 
ments, and  some  altogether  indispensable  ones 
about  the  manipulations  of  inks  and  colors. 

Elementary  Projection  Drawing  may  be 
profitably  used  at  once  by  students  who  have 
enjoyed  a  slight  course  of  elementary  geometry 
under  an  instructor ;  and  it  also  presents 
enough  of  the  subject  to  answer  the  general 
purposes  of  the  artisan.  The  subject  is  pre- 
sented in  five  divisions  :  1.  Elementary  Projec- 
tions; 2.  Details  of  Construction  in  Masonry, 
Wood  and  Metal;  3.  Rudimentary  Exercises 
in  Shades  and  Shadows  ;  4.  Isometrical  and 
Oblique  Projections;  5.  Elementary  Structural 
Drawing.  This  book  has  reached  its  fourth 
edition. 

Elementary  Linear  Perspective:  While  the 
exact  science  is  fully  presented  here,  the  tech- 
nicality will  not  seem  too  strict  to  those  who 
study  it  for  its  application  to  pictures  in  the 
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general  way.     The  hints  on  aerial  perspective 
appropriately  follow  the  scientific  lessons. 

For  testimony  in  reference  to  the  excellence 
of  Prof.  Warren's  method  as  an  instructor,  we 
may  refer  with  confidence  to  Prof.  Warren's 
former  pupils.  They  are  to  be  found  among 
engineers  and  architects  throughout  the 
country. 

»g^« 

MISCELLANEOUS. 

An  improvement  in  safety  lamps  has  been  de- 
vised by  M.  A.  B.  Boullenot,  sen.,  of  Paris. 
It  consists  in  replacing  the  safety-lamps  usually 
employed  in  mines  containing  fire-damp  by 
lamps  supplied  with  air  from  outside  the  mine. 
Fixed  pipes  are  carried  down  the  mine,  and 
branches  are  led  into  all  the  workings  Through 
these  compressed  air  is  forced  from  the  surface 
by  air-pumps,  and  the  improved  lamps  are 
screwed  to  the  air  pipes  by  couplings  with 
stopcocks.  The  cylinder  which  incloses  the 
flame  is  protected  by  a  cage,  and  the  products 
of  combustion  pass  off  through  two  pieces  of 
wire-gauze.  The  match  for  lighting  the  lamp 
is  inserted  through  a  spring  clip,  ignited  within 
the  lamp  and  cannot  be  withdrawn  until  ex- 
tinguished. 

Innocuous  Glaze  for  Earthenware. — 
Apropos  of  Dr.  Richardson's  remarks  in 
his  recent  lecture,  it  may  be  interesting  to 
note  that  M.  Constantin,  a  chemist  and  drug- 
gist at  Brest,  is  stated  to  have  succeeded  in 
making  a  harmless  glaze  for  common  earthen- 
ware, destined  to  replace  the  lead  glazes  which 
have  hitherto  been  employed,  and  which  pos- 
sesses the  great  drawback  of  inducing  more  or 
less  rapid  poisoning.  By  the  year  1872  M. 
Constantin  had  produced  glazes  which  were 
not,  so  to  say,  dangerous,  inasmuch  as  but  a 
very  small  portion  of  lead  entered  into  their 
composition.  His  mixture  consists  of  silicate 
of  soda,  with  the  addition  of  powdered  silex 
and  a  very  small  quantity  of  minimum.  Sub- 
sequently to  the  year  1872  the  glazes  tried 
and  approved  of  in  the  Lanilis  pottery,  near 
Brest,  have  contained  no  trace  of  lead.  One 
of  the  two  recipes  adopted  is  as  follows  : — 

100  parts  of  silicate  of  soda, 
15     "  powdered  quartz, 

25     "  Meudon  chalk  ; 

and  the  second  is  the  same,  but  with  the  ad- 
dition of  ten  parts  of  borax.  The  latter  sub- 
stance renders  the  glaze  more  fusible,  as  well 
as  more  brilliant,  so  that  it  requires  a  less 
strong  fire  than  that  according  to  the  former 
recipe.  The  articles  can  be  colored  by  copper 
for  green,  and  manganese  for  brown. 

l^LECTRic  Light. — Experiments  were  made  at 
ri  Paris  recently,  before  M.  Baron,  Director 
of  the  Electric  Telegraph,  on  a  new  system  for 
dividing  the  electric  light.  A  single  generator 
has  fed  with  an  admirable  regularity  not  less 
than  eighteen  lamps,  having  each  a  power 
equal  to  100  gas-jets.  The  effect  was  wonder- 
ful, and  the  apparatus  will  be  tried  shortly  at 
the  Lyons  railway  terminus.  The  principle  is 
very  simple,  and  was  discovered  by  a  working 


shoemaker.  The  current  derived  from  a 
Gramme  machine,  slightly  modified,  is  sent  to 
asecond  machine,  which  rotates  before  forty- 
eight  electro-magnets,  four  of  these  electro- 
magnets having  a  force  sufficient  to  give  a 
light  equivalent  to  100  gas-jets.  Twelve  elec- 
tric lamps  can  be  fed  at  any  distance.  By  a 
very  simple  commutator  any  number  of  these 
twelve  lamps  can  be  grouped  together,  so  that 
one,  two,  or  more  can  be  set  in  the  same  ap- 
paratus. Twelve  working  on  the  same  point 
give  a  real  burning  sun.  The  force  required 
for  working  both  machines  (the  prime  mover 
and  the  distributor)  is  derived  from  a  four 
horse-power  steam-engine.  The  experiments 
at  the  Lyons  railway  will  be  tried  with  sixteen 
lamps  and  an  engine  of  from  six  to  seven 
horse-power.  The  light  will  be  equal  to  1,600 
gas-jets. — Nature. 

Manufacture  of  Dynamite. — M.  Sabrero 
the  discoveror  of  nitro-glycerine,  has 
communicated  to  the  Academie  des  Sciences 
the  results  of  some  experiments  which  he 
thinks  may  be  useful  to  manufacturers  of 
dynamite. 

While  acknowledging  the  importance  of  M. 
Nobel's  idea  of  giving  to  nitro-glycerine  the 
consistency  of  a  solid  body  by  causing  it  to  be 
absorbed  by  a  silicious  substance,  so  as  to  be 
more  easily  employed  in  mines,  M.  Sabrero 
has  always  been  struck  with  the  frequent  oc- 
currence of  explosions  in  dynamite  factories. 
He  has  often  thought  that  these  accidents,  the 
details  of  which  are  very  imperfectly  known, 
may  be  caused  by  the  manipulations  which 
take  place,  either  in  preparing  the  paste  of  ni- 
tro-glycerine and  the  absorbent  substance,  or 
in  moulding  and  compressing  the  paste  for 
giving  it  the  form  of  cartridges, — compression 
and  friction  against  bird  substances  are  so 
many  causes  which  easily  bring  about  an  ex- 
plosion of  nitro-glycerine. 

It  seemed  to  JVL  Sabrero  that  these  causes  of 
danger  might  be  avoided  by  modifying  the 
manufacture  of  dynamite  in  the  following 
manner: — The  silicious  substances,  of  the 
nature  of  Kieselguhr,  &c,  although  only 
slightly  plastic,  are  capable  of  being  moulded 
after  moistening  with  a  little  water,  and  take  a 
consistency  which  is  not  inferior  to  that  of 
dynamite  cartridges.  He  made  some  cylindri- 
cal cakes  with  Santa  Fiora  fossil  metal,  which 
after  being  dried  at  100°  Cent.  (212°  Fahr.),  to 
get  rid  of  the  water,  were  plunged  vertically 
into  the  nitro  glycerine,  so  as  to  become  satu- 
rated therewith. 

The  experiments  to  determine  the  quantity 
of  nitro-glycerine  which  cakes  were  capable  of 
absorbing,  were  not  made  with  the  liquid  it- 
self for  fear  of  accident,  but  with  olive  oil, 
which  is  nearly  of  the  same  consistency. 

The  author  is  convinced  that  dynamite  with 
seventy-five  per  cent,  of  explosive  substance, 
as  is  generally  required,  may  readily  be  ob- 
tained by  his  process;  while  at  the  same  time, 
all  violent  pressure  or  friction  is  avoided. 
The  cakes,  after  leaving  the  bath  of  nitro- 
glycerine, have  only  to  be  placed  to  drain,  and 
then  wrapped  in  paper,  when  they  are  ready 
for  use. 
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General  Strachey,  R.E.,  thought  the 
paper  was  exceedingly  valuable,  and  ex- 
plained extremely  well  the  great  work 
on  which  the  author  had  been  engaged 
in  Southern  India.  His  experience  had 
been  confined  almost  entirely  to  Northern 
India,  and  there  was  very  little  he  could 
usefully  say  on  the  engineering  questions 
which  were  at  issue.  If,  in  the  course 
of  the  discussion,  reference  was  made  to 
matters  not  of  a  specially  engineering 
nature,  but  touching  the  general  subject 
of  irrigation  in  •  India,  he  would  make 
such  remarks  as  occurred  to  him. 

Sir  A.  Cotton  said  he  had  had  fifty 
years  of  Indian  experience,  and  could 
speak  with  some  authority  on  this  sub- 
ject. The  Soonkesala  canal  was  a  grand 
work  on  these  grounds:  First,  it  was  a 
large  work  in  the  upper  country.  Irri- 
gation works  had  been  executed  by  the 
Government  in  the  deltas  of  the  rivers 
and  in  the  interior  plains,  but  they  were 
very  different- in  their  nature  from  this, 
which  was  carried  through  a  vast,  rocky, 
undulating  country  with  a  great  fall. 
In  the  next  place,  it  was  the  first  instance 
in  India  of  a  thoroughly  well-projected 
and  well-constructed  system  of  steam- 
boat canal  190  miles  in  length.  Other 
Vol.  XV.— No.  6—31 


navigable  canals  of  considerable  extent 
had  been  constructed,  and  the  canals  of 
the  Godavery  could  be  navigated  by 
steam-vessels,  but  these  were  not  so  com-  ■ 
plete  as  they  ought  to  be.  Even  in 
America  there  was  no  steamboat  canal 
to  this  day.  With  respect  to  the  projec- 
tion and  execution  of  this  work,  he  had 
examined  all  the  papers  that  had  passed 
between  the  Government  and  the  com- 
pany. It  was  a  matter  of  notoriety  that 
there  was  a  strong  prejudice  on  the  part 
of  officials  in  India  against  enterprizes 
of  this  kind,  and  the  papers  he  had  seen 
all  bore  the  stamp  of  that  feeling.  It 
was  therefore  quite  safe  to  consider 
that  in  those  papers  any  mistake  in  pro- 
jection or  execution  would  be  brought 
forward,  and  the  tone  of,  the  papers 
could  not  be  mistaken.  Going  through 
them,  he  never  was  more  satisfied  that 
there  was  no  considerable  mistake  either 
in  the  projection  or  in  the  execution  of 
these  works,  and  that  they  were 
thoroughly  effective.  Numerous  errors 
were  pointed  out,  but  they  were  mere 
trifles,  not  affecting  in  the  slightest  de- 
gree the  real,  fundamental  points  of  the 
work.  It  was  a  great  satisfaction  to 
him  to  find  that  it  was  so.     The  feeling 
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was,  and  had  always  been,  exceedingly 
strong  against  private  enterprise  in 
India,  and  every  effort  had  been  made 
to  suppress  the  present  company.  As  a 
rule  such  works  got  entirely  into  the 
hands  of  the  Government;  but  he  con- 
sidered it  was  extremely  important  that 
these  works  should  be  entrusted  to 
private  companies,  for,  if  any  questions 
arose,  there  was  no  appeal  in  the  case 
of  Government  works.  If  the  people 
thought  themselves  aggrieved  in  respect 
of  the  arrangements  about  water  or  the 
price,  they  appealed  from  the  power 
which  they  considered  treated  them  in- 
juriously to  that  same  power.  They  had 
no  redress.  This  had  been  forced  upon 
his  attention  repeatedly  in  India,  be- 
cause several  times  when  he  had  tried  to 
defend  native  rights,  he  had  found  it 
impossible  to  do  so,  for  the  authorities 
were  the  very  persons  they  had  to  com- 
plain against;  and  he  had  been  baffled 
again  and  again  in  that  way.  Now  if  a 
company  sold  the  water,  and  the  native 
considered  himself  aggrieved,  of  course 
he  could  appeal  to  the  Government, 
and,  what  was  more,  the  bias  of  the 
Government  was  always  on  the  side  of 
the  native.  The  natives  themselves 
were  extremely  sensible  of  this.  He 
could  not  conceive  what  the  feeling  was 
against  these  works  being  in  the  hands 
of  a  company.  This  work  now  consisted 
of  a  canal  190  miles  long,  leading  the 
water  of  the  Toongabudra  into  the  val- 
ley of  the  Penner,  and  by  that  river  to 
the  district  of  Nellore,  where  there  was 
a  vast  extent  of  native  works  which  had 
been  improved  by  the  Government,  and 
which  would  receive  any  water  that  was 
not  used  on  the  line  of  the  canal.  The 
project  was  complete  in  itself  in  a  certain 
sense.  It  would  irrigate  250,000  acres 
of  rice  during  the  monsoon,  and  750,000 
acres  of  what  was  called  dry-grains  after 
the  monsoon.  Moreover,  there  were  190 
miles  of  navigation  to  bring  the  produce 
down  to  a  certain  point.  But  two 
things  were  required  in  addition;  first, 
the  navigation  should  be  completed 
from  the  end  of  the  canal  to  the  begin- 
ning of  the  Government  canal  at  Nellore, 
a  length  of  eighty  miles.  When  that, 
was  done  there  would  be  water  carriage 
from  the  head  of  the  canal  to  Madras, 
about  400  miles.  Without  this  the  work 
would  be  in  a  certain  sense  imperfect; 


that  was  to  say,  at  the  end  of  the  canal 
the  produce  would  have  to  be  delivered 
over  to  the  railway,  to  be  carried,  at  an 
expense  it  would  not  bear,  to  Madras. 
If,  however,  the  water  transit  were  com- 
pleted, it  would  open  the  whole  of  this 
highly-irrigated  country,  not  only  to 
Madras  with  its  500,000  inhabitants,  but 
also  to  all  the  markets  of  the  world. 
Therefore  he  considered  the  first  thing 
necessary  to  be  done  to  complete  the 
project  was  that  line  of  water  communi- 
cation. The  other  requirement  was  to 
store  water  to  keep  the  canal  supplied 
for  the  five  months  during  which  the 
natural  supply  failed.  Water  could  be 
stored  economically  all  over  the  valleys 
of  the  Toonga  and  Budra,  in  quantities 
sufficient  for  an  additional  million  of 
acres  during  the  dry  season.  Those  two 
works  could  be  executed  at  prices  which 
would  greatly  increase  the  general  re- 
turn of  the  whole  project,  though  the 
works  as  they  now  stood  were,  in  his 
opinion,  abundantly  secure  of  getting  a 
large  percentage  upon  the  outlay. 

A  minor  point  he  would  allude  to  was 
the  cost  of  making  these  canals  naviga- 
ble. In  this  case  there  was  a  gradient 
of  450  feet  in  190  miles,  or  2j  feet  per 
mile,  and  the  outlay  had  been  £150  per 
foot  of  fall  ;  therefore  with  2\  feet 
fall  per  mile  it  was  £375  per  mile.  In 
considering  the  expense  of  transit  works 
in  India  he  w.ould  refer  to  the  grand 
standard,  viz.,  the  cost  of  the  railways  in 
that  empire.  This  had  amounted  on  the 
average  to  £20,000  a  mile,  while  the  cost 
for  lockage  on  this  interior  canal  was,  as 
he  had  stated,  about  £375  per  mile — an 
insignificant  item  in  comparison. 

There  was  now  open  in  India  an  un- 
bounded field  of  enterprise  and  employ- 
ment for  the  Civil  Engineers  of  England, 
and  the  Madras  Irrigation  and  Canal 
Company  had  done  sensible  benefit  to 
the  country  in  thus  opening  their  works, 
and  he  hoped  they  would  be  permitted 
to  complete  the  whole  project  which  he 
had  sketched  out. 

Even  in  England,  where  the  distances 
were  comparatively  insignificant,  the 
cost  of  transit  was  an  important  ques- 
tion; but  in  India  it  was  of  vital  import- 
ance, where  materials  or  produce  had  to 
be  conveyed  500  or  1,000  miles  to  reach 
markets  and  ports.  As  yet  almost  the 
whole  of  India  was  shut   up  from   the 
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want  of  cheap  water  carriage.  The  rail- 
ways could  not  properly  open  up  India. 
They  were  carrying  goods  at  2d.  per  ton 
per  mile  on  an  average,  and  this  only  by 
being  backed  up  by  a  heavy  unnual  sub- 
sidy from  the  Government,  and  that 
charge  of  2d.  a  mile  was,  in  fact,  a  com- 
plete failure.  India  could  not  be  de- 
veloped under  such  a  system;  it  must 
have  cheap  transit.  He  wished  generally 
to  express  his  opinion  on  this  subject  as 
an  officer  of  long  experience  and  a  Gov- 
ernment official.  In  many  respects  he 
stood  in  a  peculiar  position  with  regard 
to  these  works.  He  neither  projected 
them,  nor  had  he  anything  to  do  with 
their  execution ;  nor  was  he  in  any  way 
connected  with  the  Madras  Irrigation 
and  Canal  Company.  He  spoke  as  an 
unbiassed  individual;  but  he  could  not 
refrain  from  expressing  his  satisfaction 
at  seeing  this  extensive  work  completed 
and  brought  into  active  operation. 


Irrigation  works  in  India  were  now 
projected,  and  all  but  two  or  three  of 
them  were  in  process  of  execution,  which 
would  be  completed  at  a  cost  erf  thirty- 
five  millions  sterling  in  irrigation  and 
navigation,  so  that  there  was  really  an 
extensive  work  going  on  in  this  essential 
point. 

Mr.  Bateman  said  there  could  be  no 
question  as  to  the  great  importance  of 
this  work,  both  as  a  work  itself,  and 
with  respect  to  the  advantages  it  must 
confer  upon  India;  but  he  confessed  to 
being  somewhat  surprised  at  the  sections 
of  the  embankments.  He  was  himself 
rather  an  old  hand  at  making  reservoir 
embankments;  but  he  must  say  that  he 
dare  not  construct  reservoir  banks  in  the 
way  these  canal  banks  appear  to  have 
been  constructed.  Fig  8  represented  an 
embankment  thirty  feet  in  height  with  a 
wall  two  feet  thick  at  the  top,  and  not 
more  than  six  feet  thick  at  the  bottom. 


Fig.  8. 


face  wall,  completed  1868. 
Fig.  9. 


'.  -^  S-iL-ty.  ':.'■  :SsL~iv  d z  •', 


(of  full  canalD 


Si  ft  J  Sa  t,   <L  _  :} 

MASONRY  REVETMENT,  COMPLETED   1865 


He  could  not  comprehend  how  that  bank, 
even  with  the  water  in  the  canal,  could 
stand  at  all.  If  it  did,  it  was  a  new  plan 
of  engineering,  and  was  something  from 


which  engineers  might  learn,  and  possi- 
bly copy,  for  the  future.  He  was  quite 
sure  no  railway  engineer,  much  less  an 
hydraulic   engineer,    would    venture   to 
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build  a  wall  thirty  feet  high,  two  feet 
or  two  feet  six  inches  thick  at  the  top, 
and  six  feet  or  so  at  the  bottom,  and  ex- 
pect it  to  stand. 

Then,  as  to  the  masonry  revetment 
(Fig.  9),  founded  on  sand,  with  no  pro- 
tection or  provision  to  prevent  the  water 
from  the  canal  passing  through  into  the 
bank;  that  wall,  judging  from  the  scale, 
could  not  be  more  than  about  two  feet 
six  inches  thick,  and  again  he  could  not 
understand  how  that  stood.  If  it  did,  it 
was  a  valuable  piece  of  experience  in  en- 
gineering. He  would  like  to  ask  the 
author  what  was  the  character  of  the 
sand  on  which  that  wall  stood.  If  it 
were  pure  sand,  a  depth  of  water  upon 
it   of  thirty  feet  would  cause  it  to  act 


simply  as  a  filter,  and  the  water  would 
escape.  If  it  were  argillaceous  matter, 
mixed  with  sand,  it  might  be  so  made  a6 
to  be  impermeable  to  water,  particularly 
if  it  were  made  by  basket  labor  and 
padded  over,  as  on  the  Continent.  If 
so  made  then  he  could  suppose  an  em- 
bankment might  be  formed  without  pud- 
dle but  impervious  to  water.  Still  the 
material  of  a  bank  had  a  particular  slope 
at  which  it  would  stand  without  thrust; 
all  above  that  slope  would  exercise  a 
pushing  force  or  pressure  from  behind, 
and  such  a  revetment  wall  supported  as 
shown  he  should  scarcely  expect  to 
stand. 

Again,  three  sections  (Figs.  15,  16,  and 
1 7)  were  recommended  for  adoption,  as 


Fig.  15. 


ordinary  bank  on  strong  impervious  soil. 
Fig.  16. 


bank  on   rock. 
Fig.   17. 


BANK     ON      RIVER      SAND. 
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the  mode  in  which  every  embankment 
should  be  formed,  by  puddle  walling  on 
the  face  or  slope  of  the  embankment, 
without  this  face  puddle  being  tied  into 
any  material  at  the  bottom  or  foot  of 
the  slope.  The  great  difficulty  in  con- 
structing water-tight  banks  in  this  coun- 
try was  the  character  of  the  ground  on 
which  the  embankment  had  to  be  formed. 
With  the  right  material,  and  with  the 
materials  properly  put  together,  a  water- 
tight embankment  might  readily  be 
made;  but  there  was  great  difficulty  in 
preventing  the  escape  of  water  below 
the  embankment,  through  the  natural 
ground  on  which  it  rested.  If  it  were, 
though  sandy,  a  water-tight  and  some- 
what argillaceous  mass  of  alluvial  de- 
posit, such  as  he  could  imagine  would 
be  found  over  a  great  portion  of  India, 
then  there  was  not  only  a  good  material, 
but  a  material  which  could  not,  except 
by  unskilful  management,  make  a  bad 
bank.  If  it  were  put  together  in  thin 
layers,  wTell  trodden,  it  must  inevitably 
make  a  water-tight  mass,  which  would 
be  safe.  .  In  this  country  where  there 
were  not  such  good  materials,  there  was 
danger  in  putting  puddle  on  the  face  of 
an  embankment.  The  embankment,  ex- 
cept it  were  made  of  sand,  gravel,  or 
stone,  would  gradually  settle,  the  facing 
of  puddle  would  crack,  and  the  water 
would  escape.  These  were  his  experi- 
ences; and  he  should  be  afraid  to  trust 
to  less  precaution  than  practice  had 
taught  him  to  adopt. 

By  way  of  illustrating  how  an  em- 
bankment might  be  made  perfectly  safe, 
the  author  had  suggested  an  embank- 
ment 200  feet  in  height,  through  which 


the  water  should  leak,  but  so  as  not  to 
destroy  it.  Engineers  usually  endeavor- 
ed to  construct  banks  water-tight  in 
themselves,  without  any  leakage.  It 
was  a  new  doctrine  that  embankments  to 
be  safe  should  be  leaky,  though  he  had 
known  several  cases  of  reservoirs  so 
leaky  that  they  were  never  filled,  and 
consequently  never  washed  away.  But 
it  did  not  answer  to  make  leaky  embank- 
ments. The  ordinary  filtering  medium 
in  this  country  was  about  four  feet  in 
thickness.  The  quantity  which  he  un- 
derstood the  author  to  say  would  filter 
through  this  embankment  was  500  gal- 
lons per  square  yard:  that  would  be  lit- 
tle short  of  sixty  gallons  per  square 
foot.  He  did  not  know  in  what  time 
that  would  take  place;  but  a  good  filter 
would  allow  seventy-five  gallons  per. 
square  foot  to  pass  in  twenty-four  hours. 
The  water  to  be  filtered  rested  on  fine 
sand,  which  was  supported  by  a  coarser 
medium  of  sand,  and  that  again  was 
supported  by  a  coarser  still,  till  it  got  to 
round  boulders  as  large  as  turnips  and 
potatoes.  That  filtration  was  carried  on 
under  only  one  foot  or  two  feet  of  water 
pressure;  or,  in  the  case  of  the  London 
Water  Works,  three  feet  or  four  feet. 
Where  the  water  was  200  feet  deep,  he 
should  be  sorry  to  contemplate  the  re- 
sult in  a  work  for  which  he  was  respon- 
sible. In  making  these  remarks  he  did 
so  only  to  elicit  further  information,  as 
to  the  character  of  the  material  on  which 
these  banks  were  constructed,  and  of 
which  they  were  made. 

With  regard  to  the  masonry  of  the 
weirs,  one  of  them  appeared  to  have 
been   placed   upon   red   shale    (Fig.   5). 


Fig.  5. 


JUTON  WEIR,  COMPLETED   1869. 


Now  shale  was  not  a  durable  material 
with  water  falling  vertically  upon  it; 
and   unless  the  masonry  floor  was  very 


firmly  fixed,  the  drop  of  the  water  from 
a  height  of  fourteen  feet  six  inches 
would  suck  out  that  masonry  sooner  than 


486 


van  nostrand's  engineering  magazine. 


it  would  in  that  weir  which  was  of 
greater  height,  but  was  placed  upon  the 
much  harder  gneiss  rock  (Fig.  3).     The 
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safety  of  such  a  work  depended  entirely 
upon  the  character  of  the  rock  over 
which  the  water  fell.  As  a  rule,  his  ex- 
perience was  that  a  perpendicular  face 
was  not  a  judicious  form  for  construct- 
ing a  weir,  and  that  unless  the  work  was 
built  on  substantial  rock,  the  foundation 
was  liable  to  be  injured.  A  sloping 
weir,  which  allowed  the  water  to  fall 
gradually  to  the  foot,  was  a  safer  mode 
of  construction.  He  should  be  glad  to 
hear  how  the  sand  and  gravel  in  these 
banks  were  put  together.  In  some  val- 
leys in  Spain  in  which  he  had  construct- 
ed weirs,  the  material  consisted  of  sand 
or  gravel  of  such  an  argillaceous  descrip- 
tion that  it  was  hardly  possible  to  make 
a  bad  bank.  But  if  the  embankment 
was  to  be  formed  on  ground  not  itself 
water-tight,  and  if  it  had  to  be  raised 
forty  or  sixty  feet  high,  it  required  a 
large  amount  of  skill  and  caution  to  se- 
cure a  good  foundation. 

Mr.  Robert  C.  Reid  contended  that  an 
embankment  wholly  of  earthwork  and 
puddled  clay  would  make  a  safer  and 
more  lasting  structure  than  a  composite 
one  of  masonry  and  earthwork.  The 
method  proposed  by  the  author  for  con- 
structing embankments  which  could  leak 
without  detriment  to  their  stability 
might  be  theoretically  correct,  as  far  as 


the  bank  above  the  natural  surface  was 
concerned,  but  it  was  difficult  to  see  how 
such  a  structure  could  be  tied  into  the 
ground  on  which  it  stood  so  as  to  be 
safe.  The  site  for  such  a  bank  must  be 
prepared,  either  by  excavating  the  whole 
material  under  the  base  down  to  an  im- 
pervious stratum,  and  rearranging  it  ac- 
cording to  the  plan  adopted  for  the  por- 
tion above  the  surface,  or  a  puddle  trench 
would  have  to  be  dug  and  filled  with 
clay  all  round  the  inside  toe  of  the  bank, 
where  the  finest  material  was  placed.  In 
order  that  the  embankment  might  act  as 
a  filter-bed,  the  different  materials  must 
shade  into  each  other,  from  fine  sand  to 
rubble,  by  minute  gradations,  or  else  the 
sand  would  be  blown  by  the  water 
through  the  rubble;  and  the  process  of 
selecting  the  available  materials,  by  rid- 
dling or  otherwise,  and  placing  them  in 
their  proper  positions,  would  be  very 
costly.  Provided  the  gradations  were 
perfect,  the  finer  the  particles  at  the  in- 
side, the  less  would  be  the  leakage,  and 
if  they  were  very  fine,  as  in  clay,  there 
would  be  no  leakage  at  all.  There 
would  therefore,  be  great  varieties  in  the 
retentiveness  of  different  embankments 
built  in  this  manner,  and  indeed  in  dif- 
ferent portions  of  the  same  embankment. 

It  would  be  almost  impossible  to  pre- 
determine how  much  a  given  embank- 
ment would  leak,  and  there  would  be  no 
certainty  of  having  sufficient  command 
over  the  water  in  the  reservoirs,  so  as  to 
regulate  the  supply  from  it. 

As  regarded  the  construction  of  water- 
tight embankments,  the  plan  of  placing 
the  puddle  wall  along  the  inside  slope 
was  not  so  good,  in  Mr.  Reid's  opinio^ 
as  the  vertical  wall  in  the  center  of  the 
bank.  More  puddle  would  be  required, 
since  the  area  of  the  slope  was  greater 
than  the  vertical  area,  while  the  puddle 
trench  having  to  be  carried  round  the 
toe  was  longer  than  if  it  were  in  the  cen- 
ter line,  and,  in  the  event  of  settlement, 
the  puddle  if  at  the  face,  being  inclined 
to  the'  direction  of  subsidence,  was  more 
liable  to  crack  than  if  it  were  in  the  line 
of  subsidence,  as  it  would  be  if  vertical. 

The  proper  function  of  the  puddle 
wall  in  an  embankment  was  to  stop  the 
'  creep '  of  water,  which  was  ine- 
vitable in  all  earthwork  unless  wholly 
constructed  of  clay  or  other  impervious 
material.     Whenever  water  acted  upon 
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clay  in  any  volume,  with  the  slightest 
motion  it  disentegrated  the  particles. 
Now  this  was  the  condition  which  the 
puddle  would  be  in,  if  at  the  inner  sur- 
face, with  nothing  but  rubble  and  gravel 
between  it  and  the  water  ;  for  every 
wave  in  the  reservoir  would  have  its 
corresponding  undulation  in  the  water 
lying  against  the  puddle  wall,  and  would 
eventually  in  this  manner  eat  into  the 
clay.  But,  by  placing  the  puddle  wall 
in  the  center,  there  was  a  great  thickness 
of  earth  between  it  and  the  water,  and 
the  minute  tubes  which  carried  the 
water  through  the  earthwork  effectually 
retarded  the  action  of  waves  in  the  cen- 
ter, as  well  as  prevented  the  direct  press- 
ure of  the  water  on  the  puddle.  If, 
however,  the  earthwork  of  the  inner 
slope  was  of  open,  stony  material,  tipped 
in  layers  of  five  feet  or  six  feet  thick, 
and  the  stones  were  allowed  to  roll 
down  to  the  bottom  of  each  tip,  it  would 
not  have  the  desired  effect  in  protecting 
the  puddle  wall.  Hence  it  was,  that  ex- 
perienced engineers  specified  banks  to  be 
built  in  thin  layers,  with  the  most  clayey 
portion  of  the  material  inside  and  next 
the  puddle  wall.  On  the  outside  slope 
the  material  next  the  wall  should  also 
be  clayey,  so  that  it  might  bear  with  the 
same   effect  as   the   inner  slope  on  the 


wall,  and  keep  it  in  equilibrium.  The 
layers  should  also  be  sloped  inwards  to 
the  center,  so  that  the  beating  and  con- 
solidating would  tend  to  press  the  earth 
against  the  puddle  wall  with  as  great 
force  as  the  water  of  the  reservoir  would 
when  full.  If  the  outside  slope  was  not 
capable  of  exerting  such  a  pressure 
through  an  infinitely  small  space,  it 
could  not  sustain  that  pressure  ;  and 
whenever  the  water  rose,  it  would  yield, 
the  puddle  wall  would  bend,  and,  having 
no  elasticity,  would  crack  and  cause  the 
destruction  of  the  bank. 

There  was  hardly  any  limit  to  the 
height  an  embankment  might  be  raised, 
as  far  as  its  power  of  resisting  the  press- 
ure of  the  water  was  concerned  ;  but 
the  site  on  which  it  was  built  might  not 
be  able  to  carry  the  extra  weight,  and 
might  bulge  out  above  and  below  the 
bank.  The  slopes,  which  were  sufficient 
for  ordinary  heights,  would  hardly  be 
safe  when  the  mass  of  artificial  earth  was 
increased  to  such  an  extent  as  was  pro- 
posed. 

Mr.  A.  J.  Dodson,  who  had  been  en- 
gaged for  eight  years  on  this  canal,  said 
that,  except  the  addition  of  a  puddled 
foreshore,  and  the  alteration  of  the  out- 
line of  the  bank  in  the  rear  of  the 
the   wall    (Fig.    *7),    and    the 


masonry, 
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masonry  revetment  (Fig.  9),  and  all 
others  of  which  they  were  types,  were 
completed  in  the  spring  of  1S65,  and  the 
puddle-core  walls  in  the  autumn  of  the 
same  year.  The  length  of  canal  in  which 
the  loftiest  specimens  of  each  kind  oc- 
curred was  opened  for  trial  in  1866, 
without  accident.  The  face  walls  (Fig. 
8),  10,518    feet  in  total  length,  and  the 


puddled  banks  (Fig.  10),  were  completed 

by  Midsummer,  1868;  water  was  passed 

down  in  July,  and  the  canal  navigated 

for  sixty-five    miles  in    August    of  that 

;  year,  without  doing  them  the   slightest 

;  injury.      A   portion    of    ordinary    bank, 

thrown  up  without  selection,   did,  how- 

!  ever,  give  way  in  that  month. 

Again,  the  walls  represented  in  Fig. 
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PUDDLED  BANK,  COMPLETED  1868. 


7  were  completed  in  1865;  no  failure  or 
accident  occurred  to  these  except  during 
the  extraordinary  storm  of  August,  1870. 
One  wall  on  the  twenty-fourth  mile  was 
then  overtopped,  and,  as  there  was  no 
protection  to  the  bank  overlying  the 
ends  of  the  wall,  a  breach  occurred  at 
the  junction,  carrying  away  about  100 
feet  of  the  bank,  and  something  less  of 
the  wall.  Another  wall,  in  the  twenty- 
eighth  mile,  of  narrower  section  than 
that  shown  in  Fig.  7,  also  gave  way,  for 
the  length  of  a  chain  or  two;  and  conse- 
quently all  the  length  of  the  narrow  sec- 
tion of  wall — a  few  chains  only,  and  no 
great   height — had  been  since  specially 


protected  in  the  front  and  rear.  Fig.  9 
represented  a  masonry  revetment  com- 
pleted in  1865,  above  one  mile  in  length. 
No  failure  had  occured  to  this  revetment 
beyond  cracks,  except  during  the  storm 
of  1870,  when  it  was  overtopped  by  the 
water,  and  the  bank  washed  away  from 
behind,  so  that  a  breach  followed  220 
feet  long  in  one  place.  The  scour  of  the 
water  towards  the  breach  set  against  the 
toe  of  the  revetment  in  another  part, 
where  a  length  of  about  four  chains 
slipped  into  the  canal,  but  no  breach  oc- 
curred there. 

Puddle-core  banks,  (Fig.  11),  were  lia- 
ble to  leak.     One  in  the  thirtieth  mile, 
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PUDDLE-CORE  BANKS  WITH  PUDDLED  FORE-SHORE  ADDED,  COMPLETD   1870-1871 


only  ten  feet  high,  on  fissured  rock  and 
gravel,  had  the  lower  part  of  its  core 
washed  out  on  the  29th  of  July,  1868. 
Puddle  foreshore  was  then  added,  and 
no  failure  had  since  taken  place.  They 
were  the  least  satisfactory,  perhaps,  of 
any  of  the  sections,  though  they  had 
never  been  breached.  The  banks  shown 
in  Figs.  8  and  10  had  given  no  trouble, 
and  they  survived  the  storm  of  August, 
1870. 


The  above  mishaps  were  spread-  over 
a  period  of  six  years,  and  a  distance  of 
sixty-five  miles.  The  first  section  was 
exposed  to  the  action  of  river  and  land 
floods;  the  second,  third,  and  fourth,  to 
large  waves  on  tanks,  especially  at 
Tongaduncha  tank;  in  the  fifth  section 
land  floods  spread  five  miles  against  the 
upper  banks  ten  or  fifteen  feet  deep.  It 
was  to  be  remarked  that  the  puddle  was 
not  of  the  best  nature.     It  consisted  of 


THE   SOONKESALA    CANAL. 


489 


black  cotton  soil,  which  contained  little 
clay.  He  thought  the  wonder  was  that 
with  these  difficulties  there  had  not  been 
even  more  accidents. 

Mr.  Latham  had  stated  that  two  cubic 
yards  per  hour  per  acre  was  the  datum 
on  which  his  calculation  of  the  amount 
of  water  for  irrigation  had  been  made. 
Colonel  Cotton  insisted  on  one  cubic 
yard  on  the  Cauvery  and  Colleroon  irri- 
gation works  which  he  constructed;  and 
Sir  Arthur  Cotton  said  that  in  the  Tan- 
jore  and  Godavery  works  ljrd  cubic 
yard  was  sufficient,  or  4,000  yards  for 
the  120  days  of  wet  cultivation,  and 
1,500  cubic  yards  for  dry  crops.  If 
that  were  the  case  the  capabilities  of 
this  canal  were  far  greater  than  those 
named  in  the  paper. 

With  regard  to  the  navigation  of  the 
canal,  the  author  had  stated  what  he 
imagined  would  be  the  amount  of  goods 
conveyed.  That,  however,  would  be 
only  limited  by  the  carrying  power  o£ 
the  railway  from  Cuddapah  to  Madras, 
into  which  this  canal  now  worked :  but 
he  was  sure  there  would  soon  be  a  large 
amount  of  traffic  in  passengers.  He  had 
been  up  and  down  the  Godavery  canal, 
and  he  was  astonished  to  see  the  amount 
of  native  passenger  traffic  from  one  place 
to  another,  in  districts  much  less  inhabit- 
ed than  those  served  by  this  canal.  He 
confidently  believed  that  both  in  an  en- 
gineering and  in  a  commercial  point  of 
view  the  Soonkesala  canal  would  prove 
to  be  a  success. 

Mr.  G.  H.  Phipps  observed  that  the 
particular  point  which  interested  him 
was,  as  to  whether  canals  in  India  could 
be  made  to  contribute  largely  to  the 
means  of  intercommunication  in  that 
country.  From  the  observations  .of  Sir 
Arthur  Cotton  he  appeared  to  be  under 
the  impression  that  railways,  which  he 
had  assumed  had  cost  £20,000  a  mile, 
could  not  do  much  more  for  intercom- 
munication in  India  than  irrigation 
canals.  Mr  Phipps  thought  it  might  be 
well  worth  while,  where  such  a  canal  as 
the  present  one,  costing  £8,000  or  £9,000 
per  mile,  had  to  be  constructed,  to  ren- 
der such  a  canal  navigable,  if  it  could 
be  done,  as  stated  in  the  paper,  at  such 
a  moderate  additional  outlay  as  £375 
per  mile.  He  could  not,  however,  con- 
ceive the  idea  of  canals  superseding  rail- 
ways as  a  general  mode  of  communica- 


tion over  large  tracts  of  a  country  like 
India.  Although  not  in  all  cases,  yet  in 
a  great  many,  particularly  in  the  trans- 
port of  troops  and  military  material, 
speed  of  transit  was  a  very  necessary 
element,  and  in  this  instance,  not  only 
would  the  canal  be  affected  by  the  or- 
dinary causes  of  slow  traveling,  but  this 
evil  would  be  increased  by  the  current 
against  which  the  return  boats  would 
always  have  to  contend.  Assuming, 
however,  that  railways,  and  not  canals, 
were  to  afford  the  means  of  traveling  in 
India,  the  great  thing  was  to  construct 
them  cheaper,  so  as  to  cover  more 
ground,  and  thus  tend  to  increase  the 
trade  and  prosperity  of  the  country. 
Their  cheapness  would  possess  the 
further  advantage  of  comparatively  easy 
renewal  after  being  swept  away  by  the 
heavy  floods  so  fatal  to  such  works  in 
India.  He  submitted  that  what  was 
wanted  for  India  was  an  extensive  sys- 
tem of  railways  constructed  upon  a  cheap 
plan,  for  he  never  could  believe  that 
navigable  irrigation  canals  could  form 
an  adequate  means  of  intercommunica- 
tion in  that  country. 

Mr.  Bruce  said,  on  some  of  the  draw- 
ings banks  fifty  feet  high  were  repre- 
sented as  having  been  built  on  sloping 
ground;  while  on  the  high  side  he  un- 
derstood there  was  hardly  any  bank  at 
all.  He  did  not  see  why  it  was  neces- 
sary to  make  walls  of  that  height,  if  by 
slightly  moving  the  direction  of  the 
canal  laterally  this  could  have  been 
avoided.  He  thought  Sir  Arthur  Cotton 
had  injured  his  advocacy  of  canals  by 
contrasting  them  with  railways,  because 
in  India  both  railways  and  canals  wrere 
wanted.  It  had  been  asserted  that  it 
was  proposed  to  make  an  extension  of 
this  canal  at  the  rate  of  £375  per  mile, 
that  the  Indian  railways  had  cost  on  the 
average  £20,000  a  mile,  and  that  the 
latter  could  only  carry  goods  at  2d.  per 
ton  per  mile,  while  the  canals  could 
carry  goods  a  great  deal  cheaper;  and 
that  therefore,  in  the  proportion  of 
£20,000  to  £375,  railways  were  worse 
than  canals,  independently  of  the  greater 
cost  of  carriage  by  the  former:  but  the 
fact  was  this  very  canal  had  cost  about 
£9,000  a  mile. 

Mr.  Phipps  remarked  that  Mr.  Bruce 
was  under  a  mistake.  It  had  not  been 
stated  that  the  canal  could  be  made  for 
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£375  per  mile,  but  that  that  amount 
would  render  an  irrigation  canal  navi- 
gable. 

Mr.  Bruce  said,  he  understood  that 
the  extension  to  Nellore  was  to  cost  £375 
per  mile  for  navigation,  while  this  canal 
cost  nearly  £9,000  per  mile;  but  if  the 
£375  was  only  to  do  a  portion  of  the 
work  of  making  the  canal,  so  much  the 
greater  the  unfairness  of  putting  that  in 
contrast  with  the  entire  cost  of  the  rail- 
ways. In  the  Presidency  of  Madras  the 
railways  had  not  cost  £20,000  a  mile, 
and  this  estimate  of  £375  per  mile  had 
been  put  against  the  cost  of  carrying 
the  railway  across  the  Ghats,  instead  of 
taking  the  cost  of  the  railways  in  the 
presidency,  which  he  believed  did  not 
exceed  £12,000  per  mile  in  the  case  of 
the  Madras  railway,  and  in  the  Great 
Southern  it  was  the  same^as  this  canal. 
Of  course  rolling  stock  was  included  in 
the  case  of  the  railways  in  that  amount, 
not  so  in  the  canals. 

Lieut.  Col.  J.  G.  Medley,  R.  E.,  re- 
marked on  some  points  of  detail  in  which 
this  canal  differed  from  those  in  the 
N.  W.  Provinces  of  India,  that  such 
comparisons  were  useful  if  only  because 
the  Engineers  of  Northern  and  Southern 
India  had  so  little  opportunity  of  seeing 
one  another's  works. 

He  should  be  glad  to  know  if  there 
were  any  masonry  falls  in  the  main 
canal,  and  if  so,  what  form  of  fall  had 
been  fixed  on  ?  In  Northern  India,  the 
vertical  fall  with  a  grating  was  now  ad- 
mitted to  be  the  best  yet  devised.  A 
cistern  of  water  was  sunk  below  the 
level  of  the  lower  bed,  on  to  which  the 
water  fell  as  on  an  elastic  cushion;  while 
its  force  was  also  broken  by  its  being 
first  made  to  pass  through  a  set  of  bars 
fixed  obliquely  in  the  crest  of  the  fall, 
similar  to  the  teeth  of  a  comb.  If  there 
were  no  falls,  the  profile  of  the  country 
must  be  very  favorable,  and  the  diffi- 
culties of  navigation  would  be  consider- 
ably lessened;  but  the  combination  of 
irrigation  and  navigation  in  the  same 
canal  involved  difficulties  which  had 
never  been  successfully  overcome  in 
Upper  India. 

He  inquired  whether  the  under-sluices 
in  the  weirs  placed  across  the  main  chan- 
nel at  the  heads  of  the  branch  canals 
were  found  sufficient  to  prevent  silting 
up?     In  the  N.  W.   P.  of  India,  regu- 


lating heads  with  wide  sluices  would  be 
required  across  both  channels  at  the 
points  of  bifurcation.  He  also  asked 
whether  the  irrigation  was  all  surface  ir- 
rigation, or  whether  the  water  had  to  be 
lifted  ?  And  whether  the  water  was  de- 
livered into  the  village  water-courses 
from  the  main  canal,  or  by  intermediate 
distributaries  ?  It  was  stated  that 
measuring  sluices  were  not  needed.  In 
the  N.  W.  P.  the  difficulty  had  always 
been  how  to  insure  a  constant  discharge 
with  a  head  of  pressure  continually  vary- 
ing; and  though  various  attempts  had 
been  made  to  overcome  this  difficulty, 
they  had  been  unsuccessful,  owing  chief- 
ly to  the  flatness  of  the  country  prevent- 
ing there  being  any  spare  fall  beyond 
what  was  actually  required  for  the  flow 
of  the  water.  Hence  the  water  rate  was 
always  assessed  on  the  area  irrigated^ 
instead  of  on  the  amount  of  water  de- 
livered— an  objectionable  method,  as  it 
led  to  waste  of  water,  and  to  continual 
expense  in  measuring  irrigated  areas, 
besides  opening  the  door  to  disputes  and 
interference  with  the  cultivator's  arrange- 
ments. 

With  regard  to  the  formation  of 
the  banks,  it  might  be  noted  that  the 
great  embankments  by  which  the  Ganges 
canal  was  carried  for  three  miles  across 
the  Solani  valley,  at  an  elevation  of  from 
ten  to  forty  feet  above  the  bed,  were 
formed  of  earth,  with  a  double  revetment 
of  brick  masonry  built  in  steps.  These 
had  stood  well,  and  there  was  no  leak- 
age. Puddled  banks,  without  further 
protection,  would  be  perforated  by  rats 
in  Northern  India,  and  there  was  no 
stone  or  gravel  to  protect  the  puddle  by 
pitching:  brick  was  the  only  material 
available. 

It  was  estimated  by  Mr.  Latham  that 
two  cubic  yards  of  water  per  hour  were 
only  sufficient  to  irrigate  one  acre  of 
rice.  This  was  only  one-fourth  of  the 
irrigating  duty  now  obtained  from  canal 
water  under  favorable  circumstances  in 
the  N.  W.  P.  when  applied  to  wheat, 
the  great  staple  of  Upper  India.  One 
cubic  yard  per  hour  would  there  irrigate 
two  acres;  or,  to  use  N.  W.  P.  nomen- 
clature, one  cubic  foot  per  second  would 
be  thought  fully  equal  to  the  irrigation 
of  267  acres  of  wheat,  in  any  canal 
where  the  irrigation  was  fully  developed. 
On  the  Eastern  Jumna  canal,  the  most 
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perfect  in  this  respect  in  Upper  India, 
306  acres  were  irrigated  in  1868-9.  On 
the  Ganges  canal,  where  the  distribu- 
taries were  not  yet  completed,  only  232 
acres. 

Of  course  the  amount  of  water  re- 
quired for  rice  was  very  different  from 
what  was  wanted  for  wheat  ;  and  al- 
though there  was  some  rice  irrigation  in 
Upper  India,  it  was  in  the  autumn, 
when  there  was  plenty  of  water  availa- 
ble; whereas  the  chief  crop,  or  wheat, 
was  watered  in  the  cold  weather,  when 
water  was  most  scarce  and  precious. 
The  water-rate  assumed  in  the  paper, 
Rs.  six  per  acre,  would  seem  very  high 
in  Northern  India,  where  sugar  was  the 
only  crop  that  paid  as  much  as  Rs.  five 
per  acre  for  surface  irrigation  (Rs.  3j 
only  if  the  water  had  to  be  lifted). 
Rice  paid  Rs.  three  only,  and  wheat  Rs. 
2.4.  For  so  large  a  discharge  at  the 
head  of  the  canal  as  400,000  cubic  yards 
per  hour,  or  very  nearly  3,000  cubic  feet 
per  second,  the  length  190  miles,  seemed 
very  small.  This  was  the  calculated 
discharge  of  the  Baree  Doab  canal, 
which  when  completed  would  be  4  70 
miles  long;  and  this  difference  made  it 
of  little  use  to  compare  the  cost  of 
canals  under  such  different  circumstances 
as  those  of  Northern  and  Southern  In- 
dia. He  had  roughly  estimated  the  cost 
of  an  irrigation  canal  in  Northern  India 
at  about  Rs.  4,000  per  cubic  foot  per 
second  of  calculated  discharge,  or  Rs. 
30,000  per  mile  of  length.  The  Soon- 
kesala  canal  had  apparently  cost  Rs. 
50,000  per  mile,  or  Rs.  3,330  per  cubic 
foot  per  second. 

Mr.  Bateman  said,  the  account  of  the 
failures  which  had  taken  place  afforded 
some  confirmation  of  the  fears  he  enter- 
tained from  looking  at  the  sections  of 
the  embankments.  With  reference  to 
the  quantity  of  water  required  for  irri- 
gation, a  cubic  yard  of  water  per  acre 
per  hour  was  equal  to  a  depth  of  one- 
sixth  of  an  inch  of  water  per  day.  In 
the  south  of  Europe,  in  Valencia  and 
Murcia  in  Spain  for  instance,  where  there 
were  still  many  of  the  old  Moorish  irri- 
gation canals  at  work,  the  ordinary  irri- 
gation amounted  to  2^  inches  in  depth, 
renewed  every  fortnight  in  certain 
periods  of  the  year,  which  was  about  the 
same  quantity  as  was  used  in  this  case, 
if  put  on  the  land  once  a  fortnight  in- 1 


stead  of  daily;  but  rice  required  four  or 
five  times  as  much  water  as  the  ordinary 
crops  of  the  country,  and  for  about  ten 
weeks  of  the  year. 

Mr.  Redman  observed  that  the  re- 
marks upon  the  formation  of  the  em- 
bankments,rather  confirmed  the  propriety 
of  the  criticisms  of  Mr.  Aird  on  a  previ- 
ous* occasion,  as  to  the  absence  of  pud- 
dle, when  it  was  said  that  the  method  of 
construction  by  basket-work,  by  men, 
women  and  children,  was  such  as  to 
knead  the  material  into  a  very  compact 
mass,  so  that  it  became  of  the  nature  of 
a  puddle  bank,  the  slope  of  the  bank  be- 
ing two  to  one.  In  the  Bann  reservoirs, 
County  Down,  the  slope  in  some  cases 
was  three  to  one;  on  an  average  2^  to  1, 
with  a  puddle  bank  ten  feet  in  thickness. 
In  1843  Mr.  Thorn  rather  curiously  advo- 
cated the  disuse  of  puddle  for  reservoir 
embankments,  and  described  a  peculiar 
arrangement  of  the  laminae  of  the  banks. 
It  occurred  to  him  that  the  reply  to  the 
objection  of  Mr.  Aird,  that  no  puddle 
was  used,  viz.,  that  the  entire  mass  was 
so  trodden  down  and  consolidated  as  to 
be  of  the  nature  of  puddle,  might  apply 
to  some  extent  to  the  criticism  of  Mr. 
Bateman  in  this  case. 

Mr.  Bateman  explained  that  it  was 
not  the  embankments  he  objected  to,  but 
the  revetment  walls,  as  being  made  too 
light  in  section. 

Mr.  Russell"  Aitken  did  not  think  any 
advantage  had  been  gained  by  a  depart- 
ure from  the  old  method  of  constructing 
earthen  canal  embankments,  viz.,  a  core 
of  solid  retentive  earth,  with  a  puddle 
trench  in  the  center  of  the  bank  to  stop 
any  leakage.  Even  in  England  there 
were  serious  objections  to  facing  the 
slopes  of  embankments  with  puddle; 
and  in  India  especially  it  was  highly 
dangerous,  because  when  the  puddle  was 
not  covered  by  water,  the  heat  of  the 
sun  dried  it  up,  and  caused  it  to  crack 
to  a  great  depth.  In  India,  too,  vermin 
were  a  source  of  great  annoyance  and 
danger,  and  one  bank  of  which  he  had 
charge  was  perforated  by  land  crabs. 
Indeed  it  was  almost  impossible  to  keep 
vermin  out  without  masonry  when  the 
puddle  was  near  the  surface  of  the  bank. 
They  forced  their  way  through  the  loose 
stones,  and  he  had  no  doubt  the  banks 
of  the  Soonkesala  canal  would  one  day 
give  a  good   deal  of  trouble  from  this 
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cause.  True,  he  had  while  in  India  suc- 
cessfully repaired  one  embankment  by 
placing  a  puddle  apron  on  the  face  of* 
the  embankment;  but  in  order  to  pre- 
vent the  heat  of  the  sun  and  vermin  in- 
juring the  puddle,  he  had  covered  it 
with  pitching  in  Portland  cement, 
through  which  vermin  could  'not  pene- 
trate. The  embankment  was  watered 
once  a  day  to  prevent  it  cracking. 

He  had  some  time  since  looked  over 
Sir  Arthur  Cotton's  writings,  and  he 
thought  that  officer's  views  would  be 
very  well  represented  by  the  following 
extract  from  one  of  them :  "  Several 
lines  of  railway  have  sealed  up  their 
tract  of  country  probably  for  ever 
against  cheap  transit,  and  even  against 
irrigation,  for  the  railway  men,  must  as 
it  were  for  their  lives  resist  irrigation 
works  in  the  neighborhood  of  their 
lines,    as   inevitably    leading    to   cheap 

transit If  the  thirty  millions  to 

be  spent  in  railways  become  a  real  warn- 
ing to  us,  and  make  us  consider,  whether 
proposed  works  are  really  suited  to  the 
circumstances  of  India  or  not,  they  will 

not   have   been    spent   in   vain 

Every  shareholder,  and  every  person  in 
any  way  committed  to  that  dreadful 
mistake  is  now,  in  theory  at  least,  a  neces- 
sary opponent  of  the  works  that  are  es- 
sential to  the  material  progress  of  India." 
That  opinion  did  not  agree  with  the 
North- Western  Provinces  Public  Works 
Report  for  1869-70,  when,  without  the 
Ganges  canal  and  other  irrigation  canals, 
there  would  have  been  a  famine.  .It  was 
there  laid  down  that  the  irrigation 
canals  by  producing,  and  the  railways 
by  carrying  the  produce,  warded  off  a 
famine  from  Northern  India.  He 
believed  Sir  Arthur  Cotton  overrated  the 
advantages  of  canals  as  a  means  of  com- 
munication. The  Ganges  canal,  although 
constructed  for  and  used  by  barges,  was 
almost  worthless  as  a  means  of  transit; 
nor  was  the  revenue  derived  from  ton- 
nage dues  of  any  material  importance. 

It  was  stated  in  the  Paper  that  50  per 
cent,  of  the  cost  of  the  works  was  spent 
on  engineering  and  for  unused  stores. 
That  seemed  to  be  a  very  large  percent- 
age indeed,  and  he  could  only  attribute 
it  to  the-  fact,  that  the  money  expended 
on  these  works  was  capital  guaranteed 
by  the  Government  of  India.  He  had 
obtained  from   Mr.  Fleming,   who  con- 


ducted the  affairs  of  the  Elphinstone 
Reclamation  Company  in  Bombay,  an 
unguaranteed  work,  to  a  successful  ter- 
mination, a  return  showing  the  cost  of 
engineering  during  the  construction  of 
those  works,  from  which  he  found  that 
when,  as  in  1866,  the  expenditure  was 
£350,000  for  the  year,  the  engineering 
cost  2 J  per  cent.;  afterwards  it  was,  on 
£280,000,  3  per  cent.;  on  £140,000,  6^ 
per  cent.;  on  £180,000,  4f  per  cent.; 
and  in  1870,  on  £100,000,  it  was  7  per 
cent.  In  1  868,  Mr.  Aitken  reported  that 
the  cost  of  engineering  many  miscellane- 
ous works  in  the  town  and  island  of 
Bombay,  aggregating  several  hundred 
thousand  pounds,  was  4.8  per  cent,  on 
the  expenditure.  In  the  Public  Works 
Department,  which  was  burdened  with 
a  number  of  persons  who  were  not  avail- 
able for  strictly  engineering  work,  the 
cost  of  engineering  was  understood  to 
be  25  or  30  per  cent,  on  the  money  ex- 
pended. He  therefore  thought  some  ex- 
planation on  this  point  was  due;  for, 
even  allowing,  £500,000  to  have  been 
expended  on  engineering  and  unused 
stores,  there  was  still  a  sum* of  about 
£250,000  unaccounted  for,  and  available 
for  cost  of  management,  &c. 

If  there  was  no  error  in  the  paper,  it 
condemned  most  effectually  the  guaran- 
tee system  when  applied  to  canals,  which 
ought  to  be  treated  as  remunerative 
works.  Doubtless  the  guarantee  system, 
when  applied  to  railways,  had  enabled  a 
great  deal  of  work  to  be  done  rapidly; 
but  railways  were  required  for  political 
and  military  purposes,  and  could  not  in 
India,  up  to  this  time,  be  considered  sim- 
ply as  remunerative  works. 

Mr.  R.  Rawlinson,  C.B.,  said  he  could 
not  tell  whether  the  diagrams  of  reser- 
voir embankments  exhibited  were  for  in- 
struction or  for  warning.  If  for  in- 
struction, he  thought  they  were  calcu- 
lated to  teach  a  very  bad  lesson;  if  for 
warning  he  would  point  out  a  few  of 
their  mal-arrangements.  Looking  at 
the  diagrams,  they  seemed  to  represent 
ordinary  cross  sections  of  a  waterworks 
impounding  embankment;  having  slopes 
of  three  to  one  on  the  inside  an#  of 
about  two  to  one  on  the  outside.  No 
puddle  trench  was  shown  below  the  sur- 
face, nor  any  puddle  wrall  in  the  main 
portion  of  the  bank.  The  outside  half 
of  the  embankment  was  of  porous  ma- 
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terial — purposely,  as  it  seemed:  the  in- 
ner portion  be  assumed  was  intended  to 
be  water-tight,  or,  at  all  events,  to  be 
made    water-tight   when   protected    by 
puddle   on   the   surface.     He   cautioned 
young  engineers  against  following  such 
an  example  as  that;  for  a  lining  of  pud- 
dle laid  on  the  surface  was  most  trouble- 
some, especially  if  it  lay  on  a  mass  of 
earth  liable   to  subsidence    and   motion 
such  as  water- works  banks  would  have, 
and  especially  if  the  material  on  which 
it    rested    was    in    any    degree   porous. 
Now,  although  he  did  not  in  all  respects 
agree  with  the  modern  practice  of  sink- 
ing a  puddle  trench  to  a   great   depth 
(150  feet  in  a  recent  case)  to  get  to  what 
was     supposed     to     be     a     water-tight 
stratum,  yet  he  held  that  the  practice  of 
sinking  a  puddle  trench  to*  a  moderate 
depth  was  one  which  might  be   safely 
followed  ;    and   he    also    held   that    the 
modern  practice  of  constructing  a  puddle 
wall  in  the  center  of  the  bank  had  some 
advantages  if  the  puddle  wall  was  sup- 
ported  by   carefully   selected   material, 
that  was,  by  a  pyramidal  core  of  water- 
tight material.     The  tail   of   the    outer 
half  of  the  bank  might  then  be  of  po- 
rous material,  and  even  the  inner  foot  of 
the  bank  also,  the  core  being  sound  and 
water-tight;  but  to  him  a  porous  bank 
in  the  way  shown  on  the  sections,  either 
for  first  construction  or  subsequent  re- 
pair, was,  in  his  opinion,  very  defective 
engineering,    and   might  prove  to  be  a 
very    misleading,     because     dangerous, 
operation.     If  the  inner  slope  was  of  a 
material  not  in  itself  water-tight,  there 
was  a  method  to  make  it  so  far  better 
than  by  putting  puddle  on  its  surface. 
If,  when  the  reservoir  was  being  filled 
with  water,  and  as  the  water  gradually 
rose  against  the  bank,  a  number  of  men 
were  placed  along  the  water  line  with 
flat  bars  or  grafting  tools,  and  were  in- 
structed to  run  them  down  well  into  the 
material,  and  shake  them  so  as  to  wash 
in  any  loam  with  the  water  as  it  rose, 
that  would  make  the  surface  non-porous 
to  the  depth  the  operation  was  carried 
down,   and   such  process  would  be  less 
costly  than  puddle;  the  sun  would  not 
cause  cracks,  nor  would  vermin  have  the 
same  facilities  for  getting  through  it  as 
through  puddle.*     He  agreed  with  the 

*  The  mass  of  an  embankment  to  impound  and  con- 
fine water  under  pressure  should  be  sound  and  perfectly 


Author  that  it  was  better  to  lay  broken 
rubble  on  the  inner  slope  in  preference 
to  masonry  pitching.  He  thought  ma- 
sonry pitching,  or  wall  stone,  or  block-in- 
course,  formed  a  dangerous  coating  for 
the  inner  face  of  a  waterworks  bank,  as 
the  stones  were  liable  to  jam  and  make 
an  arch  beneath  which  cavities  might 
form,  and  the  mischief  go  on  for  a  time 
till  a  failure  occurred  without  the  engi- 
neer knowing  it.  When  a  puddle  trench 
was  in  rock  or  stable  material,  it  was 
sometimes  the  custom  to  cut  vertical 
steps.  He  cautioned  persons  who  had 
puddle  trenches  to  construct  never  to 
make  anything  of  the  kind,  because  of 
the  liability  of  subsidence  of  the  bank. 
If  a  tangent  line  of  the  subsidence  was 
drawn,  and  the  lines  then  brought  down 
at  right  angles,  it  would  be  seen  that 
the  tendency  would  be  to  draw  the  ver- 
tical line  from  the  upright  face.  Much 
mischief  had  been  caused  through  the 
drawing  away  of  the  puddle  from  the 
vertical  face.  It  was  therefore  expedient 
to  let  the  puddle  trench  rest  upon  a 
slope  not  much  dissimilar  to  the  slope  of 
the  side  of  the  hill  where  the  work  was. 
Supposing  the  site  of  the  reservoir  was 
not  absolutely  water-tight,  instead  of 
sinking  a  puddle  trench  150  or  160  feet, 
he  would  go  down,  say  thirty  feet,  and 
would  put  a  thick  bed  of  concrete  at  the 
bottom  and  up  the  outer  side,  and  then 
form  drains  from  the  outer  face  of  con- 
crete away  from  the  trench  into  a  man- 
hole, where  the  water  that  came  through 
could  be  seen ;  so  that  if  there  was  leak- 
age it  would  be  known  that  it  was  leak- 
age through  the  substratum  in  contact 
with  the  concrete,  and  would  come  to 
daylight  at,  the  foot  of  the  slope,  and 
could  be  sent  into  the  gauge  basins  for 
compensation  without  causing  mischief 
to  the  bank.  The  engineer  must  exer- 
cise his  ingenuity  as  to  when  and  how 
he  would  do  these  things.  Under  any 
circumstances  the  outer  half  of  the  em- 
bankment, commencing  from  the  puddle 
trench,  should  be  perfectly  drained  in  a 
way  that  the  drains  should  remain  per- 


water-tight  without  the  aid  of  puddle-lining,  or  surface 
washing  and  wraping.  as  described,  or  risk  of  a  catastro- 
phe would  be  incurred.  A  little  care  in  forming  a  reser- 
voir embankment  is  of  more  value  than  a  laree  expendi- 
ture in  subsequent  repairs  to  patch  leaks,  which,  as  a 
rule,  cannot  be  patched.  The  three  rules  in  reservoir 
works  may  be  thus  stated—  care  in  selecting  a  site,  in 
placing  the  material,  and  in  filling  and  subsequent  work- 
ing.—K.  R. 
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manent,  so  that  the  engineer  should  have 
the  opportunity  of  seeing  any  water 
coming  from  that  portion  of  the  subsoil 
of  the  bank,  and  if  the  water  did  not 
come  away  muddy  he  might  rest  satisfied 
it  was  not  doing  his  bank  any  harm.  If 
aiter  repairs  to  the  bank  were  necessary 
in  the  line  of  the  puddle  wall,  he  recom- 
mended engineers  not  to  make  the  re- 
pairs good  with  puddle,  supposing  it 
was  a  soft  bottom  which  caused  leakage, 
but  to  use  concrete. 

Mr.  E.  A.  Cowper  asked  how  the  clay 
was  to  be  got  into  the  bank  ?  Mr.  Raw- 
Jinson  had  suggested  a  means  of  dibbling 
in  clay  as  the  water  rose,  but  he  did  not 
see  how  the  clay  was  to  be  mixed  by  the 
grafting  tool. 

Mr.  Rawlinson  replied  that  clay  was 
not  necessary.  Supposing  there  was  a 
gravel  or  sand  substratum  to  be  made 
water-tight,  loam  or  soil  incorporated 
with  the  gravel  would  make  a  sort  of 
concrete  and  would  render  the  bank 
water-tight.  It  was  not  an  idea  which 
originated  with  himself,  but  was  prac- 
tised by  early  canal  engineers,  as  on  the 
Bridgewater  canal.  He  had  made  a  ser- 
vice reservoir,  situated  on  sand,  perfectly 
water-tight  by  the  process  of  washing  in 
loam  with  flat  bars  as  described. 

Mr.  Beardmore  said  he  had  known 
several  banks  in  which  no  puddle  was 
used;  for  instance,  the  North  Level  sea- 
banks  were  said  to  be  chiefly  composed 
of  sand.  If  there  was  liability  to  rapid 
lowering  of  the  water  in  the  Soonkesala 
canal  the  puddle  slopes  would  be  liable 
to  slip,  and  in  that  respect  a  center  pud- 
dle wall  was  to  be  preferred. 

Lieut.  Col.  J.  G.  Medley,  R.  E.,  asked 
whether  the  system  suggested  by  Mr. 
Rawlinson  would  do  for  running  water, 
or  did  it  only  apply  to  reservoirs  or  still- 
water  canals.  Such  puddle  banks  in  Up- 
per India  would  have  to  be  made  in 
some  cases  where  there  was  a  velocity 
of  water  of  three  or  four  miles  an  hour, 
where,  as  fast  as  the  dirt  was  thrown 
down,  it  would  be  washed  away. 

Mr.  Rawlinson  said  it  was  self-evi- 
dent that  during  the. operation  the  water 
must  be  comparatively  still,  and  there 
must  be  a  sufficiency  of  water  and  no 
more. 

Mr.  R.  E.  Forrest  said,  although  no 
one  had  greater  respect  and  veneration 
for  Sir  Arthur  Cotton's  works  on  India 


than  he  had,  yet  he  thought  the  views 
put  forward  with  regard  to  canals  might 
do  great  damage  to  the  cause  of  irriga- 
tion. It  was  foolish  to  compare  canals 
with  railways  as  means  of  transit  and 
carriage.  Irrigation  was  absolutely 
needed;  but  Sir  A.  Cotton  wanted  to 
combine  navigation  with  irrigation. 
Now  it  was  difficult  to  combine  the  two, 
the  requirements  being  so  different.  A 
navigable  canal  required  a  sluggish  flow 
of  water;  but  for  an  irrigation  canal  the 
faster  the  current  flowed  the  better.  A 
high  velocity  saved  cost  and  gave  a  bet- 
ter irrigating  machine.  The  ordinary 
problem  that  presented  itself  was  two 
big  rivers  with  a  tract  of  land  between 
them;  and  the  water  had  to  be  taken 
from  one  of  those  rivers  to  irrigate  that 
tract.  The*  best  line  for  carrying  the 
canal  was  on  the  ridge  between  the  two 
rivers,  because  it  then  commanded  the 
land  on  each  side.  But  this  central 
ridge  was  generally  the  poorest  and  least- 
populated,  and  that  was  the  reason  why 
an  irrigation  canal  was  wanted  there. 
All  the  large  cities  lay  along  the  big 
rivers,  and  to  carry  goods  canals  must 
be  made  from  city  to  city.  Therefore 
at  starting  it  was  found  the  irrigation 
canal  run  where  there  was  no  traffic;  in 
fact,  did  not  go  near  the  large  markets. 

The  slightest  change  in  the  section  of 
a  canal  of  the  usual  size  in  India  made 
such  a  difference  in  the  cost  as  to  affect 
the  whole  question  of  the  returns.  For 
a  canal,  which  he  projected  a  short  time 
since,  he  was  told  that  to  enable  boats 
to  stem  the  current  the  velocity  must 
not  exceed  2^  feet  per  second.  Sup- 
posing the  current  had  a  velocity  of  3j 
feet  per  second,  to  make  it  navigable  it 
would  be  necessary  to  change  the  whole 
design,  and  the  cost  would  be  nearly 
doubled.  In  his  opinion  it  was  prefera- 
ble to  keep  the  two  questions  of  irriga- 
tion and  navigation  entirely  distinct; 
and  as  food  was  the  first  necessity  for 
the  resident  population,  he  thought  it 
would  be  better  to  construct  irrigation 
canals  at  once,  leaving  the  consideration 
of  the  facilities  to  be  provided  for  its 
transport  to  more  distant  localities, 
whether  by  navigable  canals  or  other- 
wise, to  be  dealt  with  hereafter. 

The  system  of  canals  in  India  was  not 
generally  understood,  but  it  was  very 
simple.     The  canal  started  from  a  big 
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river  to  irrigate  a  tract  of  land,  with  the 
water  running  at  as  high  a  velocity  as 
the  bed  would  stand.  It  was  necessary 
to  design  the  canal  to  carry  3,000  cubic 
feet  of  water  per  second  in  the  monsoons, 
and  only  about  1,800  feet  in  the  winter 
season.  When  in  addition  arrangements 
for  navigation  had  to  be  made,  it  swelled 
the  cost  to  such  an  extent  as  to  make 
the  returns  almost  problematical.  He 
spoke  from  experience  of  some  large 
canals  which  had  been  projected  by 
European  engineers.  Without  the  ar- 
rangements for  navigation,  such  as  locks 
and  still-water  reaches,  and  as  irrigation 
canals  alone,  they  were  calculated  to 
give  a  return  of  8  or  9  per  cent.,  but 
when  arranged  for  navigation  it  would 
be  rather  difficult  to  make  them  pay  4 
per  cent. 

Considering  that  it  was  so  difficult  to 
get  money  for  irrigation  works,  that  in 
India  there  was  a  disinclination  to  raise 
more  money  by  additional  taxation,  and 
that  railways  were  better  adapted  for 
carrying  than  any  other  means  of  con- 
veyance, he  thought  it  would  be  better 
to  make  the  irrigation  canals,  and  to 
leave  the  navigation  alone. 

Mr.  J.  H.  Latham,  in  reply  upon  the 
discussion,  said,  with  regard  to  the  face 
walls,    Fig.    8,  that   there   were    5    feet 


counterforts,  sixteen  feet  apart,  from 
center  to  center,  on  the  water  side  of  the 
wall.  Considered  as  a  retaining  wall,  it 
was  stronger  than  many  to  the  west  and 
south  of  London,  but  not  so  strong  as 
would  be  built  were  the  sleepers  of  the 
permanent  way  laid  close  behind  the 
coping.  The  gravel  was  not  water- 
worn,  but  quartz  split  into  irregular 
crystals,  and  was  much  rougher  than 
water- worn  gravel. 

The  masonry  revetment,  Fig.  9,  was 
not  lying  on  clear  sand,  as- had  been 
supposed;  it  was  silty  river  sand,  and  a 
section  would  stand  vertically  twelve 
feet  high  when  dry;  but  water  would 
percolate  through  it.  The  puddle  at  the 
toe  "ran  across  the  whole  of  the  canal 
bed,  and  so  made  it  water-tight,  and 
prevented  any  percolation.  In  the  flood 
of  August,  1870,  when  twelve  inches  of 
rain  fell  in  twelve  hours,  the  water  top- 
ped the  masonry  revetment,  and  it  was 
then  not  a  question  whether  the  wall 
was  a  sound  one  or  not,  for  the  sandy 
bank  behind  must  have  been  washed 
away.  The  revetment  wall,  which  was 
not  a  self-supporting  wall,  but  rested 
upon  the  bank,  of  course  failed;  but  the 
face-wall  (Fig.  8)  had  never  suffered. 

The  Soonkesala  anicut  (Fig.  4)  was 
generally   upon  solid  gneiss,  and    occa- 


Fig.  4. 


SOONKESALA  WEIR,  COMPLETED   1869 


sionally  trap  ;  but  hitherto  there  had 
been  no  danger  •from  the  rock  being  car- 
ried away.     The  Rajdli  anicut  (Fig.  6) 


was  upon  limestone,  about  ten  inches 
thick  in  the  bed;  and  though  limestone 
was  a  treacherous  formation  when  beds 
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Fig.  6. 


RAJOLI  WEIR,   COMPLETED 


of  dirt  lay  between  the  strata  of  stone, 
in  this  case  the  stone  was  solid,  and,  as 
the  fall  was  not  great,  it  was  uninjured. 
The  Jutoor  anicut  (Fig.  5)  was  in  a  part 
of  the  river  that  contracted  below  the 
weir,  and  consequently,  before  there  was 
much  water  flowing  over,  the  crest  of 
the  weir  was  almost  'drowned.'  The 
fact  that  the  water-cushion  had  not  suf- 
fered therefore  proved  little.  Indeed, 
the  spoil,  or  rocky  deposit  of  the  river, 
rose  in  rear  of  the  water-cushion,  and 
when  the  water  ceased  flowing  over  the 
weir  the  standing  water  almost  concealed 
the  crest  of  the  lower  wall  of  the  water- 
cushion.  Nothing  with  regard  to  water- 
cushions  could  be  learnt  from  that.  He 
supposed,  from  the  fact  of  the  face-wall 
(Fig.  8)  not  having  given  way  under 
the  great  flood,  that  the  work  was  good. 


Great  care  was  taken  with  it,  and  it  was 
built  under  close  supervision  and  inspec- 
tion over  very  short  lengths  at  a  time 

As  to  the  imaginary  sections,  he  con- 
sidered it  an  advantage  to  have  puddle 
in  front,  where  it  could  be  got  at,  not 
quite  on  the  slope,  but  protected  in 
front.  Care  had  to  be  taken  of  the 
quality  of  the  puddle.  If  it  was  liable 
to  run  it  could  be  put  farther  into  the 
bank,  and  a  greater  weight  of  gravel  and 
shingle  laid  in  front  to  hold  it  up.  But 
the  puddle  was  not  the  only  protection ; 
it  lay  upon  earth;  and  a  sun-crack  run- 
ning through  the  puddle  would  not  be 
liable  to  run  continuously  into  the  earth, 
which  was  not  homogeneous  with  it. 
Even  if  leakage  existed,  the  bank  might 
theoretically  be  constructed  so  as  to  be 
secure,  as  in  Fig.  14.     In  practice  such 


Fig.  14. 


THEORETICAL  BANK  ON  STRONG  IMPERVIOUS  GROUND. 


a  delicate  arrangement  of  stone  and  sand 
would  be  difficult  to  obtain,  but  with 
puddle  in  front  the  leakage  was  so  small 
that  such  refined  selection  was  not  neces- 
sary. In  cases  of  rock  foundation,  or  of 
irregular  foundations  of  different  kinds 
of  strata,  the  subject  was  too  wide  to 
enter  upon.  But  he  had  shown  a  puddle 
trench,  with  sheet  piling  in  the  center 
(Fig.  17);  the  object  being  to  throw 
down  the  leakage,  so  that  whatever 
there  should  be  must  flow  out  clear  of 
the  bank,  without  any  tendency  to  scour 
or  remove  the  material  of  the  bank  it- 


self,  or  the  material  on  which  the  rear 
of  the  bank  rested. 

The  relative  merits  of  railways  and 
canals  in  America  and  India  were  very 
different.  In  the  former  case  railways 
had  been  used  for  opening  out  the 
country;  but  in  India  canals  were  more 
suitable.  In  America  every  man  under- 
stood a  good  deal  about  the  repairs  of 
railways.  In  almost  every  hamlet  the 
first  thing  erected  was  a  sawmill,  and  in 
the  larger  towns  wooden  lattice  girders 
could  be  bought  ready  for  use.  In  In- 
dia the  people   knew   little  or  nothing 
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about  railways ;  but  they  did  understand 
irrigation.  In  every  village  there  were 
a  number  of  woddahs,  or  native  naviga- 
tors, and  in  every  district  a  large  expen- 
diture was  incurred  annually  in  repair- 
ing tanks,  wells,  &c.  While  in  America 
the  country  was  opened  out  by  railways 
before  it  was  inhabited,  in  India  the  first 
thing  was  to  provide  some  means  of  irri- 
gation, if  it  were  only  by  wells:  but 
after  the  country  had  been  opened  out 
by  canals,  railways  would  be  necessary 
for  developing  trade.  He  believed  that 
if  a  tract  of  country  were  opened  out  by 
a  canal  it  would  often  be  found  the 
cheapest  means  of  commencing  a  traffic 
to  make  that  canal  navigable;  and  he 
thought  that  this  course  had  been  wisely 
pursued  in  the  canal  under  discussion. 
It  had  a  series  of  up-takes  from  differ- 
ent rivers;  and  consequently  never  got 
so  far  from  the  large  towns,  which  were 
generally  near  the  river  side,  as  the 
Ganges  canal.  It  was  the  reverse  in  an- 
other point:  the  Ganges  main  canal  had 
a  fall  of  about  eighteen  inches  a  mile, 
and  the  distributing  channels  less  fall; 
and  thus,  when  the  distributing  channels 
were  full,  there  was  a  current  of  three 
miles  an  hour:  whereas  in  the  Soonkesala 
canal  the  usual  fall  was  six  inches  and 
under;  that  of  the  channels  was  two, 
four,  or  six  feet  a  mile;  and  there  was 
scarcely  a  mile  and  a  half  in  any  portion 
where  the  current  at  all  approached  the 
velocity  of  three  miles  an  hour.  In  the 
Soonkesala  canal  the  chief  supply  of 
water  for  irrigation  was  taken  off  from 
the  canal  just  above  the  first  drop-lock 
in  each  branch;  so  that  if  irrigation  were 
in  full  action,  the  navigation  down  to 
the  locks,  and  of  course  in  the  ponds  be- 
tween the  locks,  must  be  complete. 
This  was  not  the  case  in  the  Ganges 
canal.  The  banks  of  the  canal  almost 
necessarily  ran  across  some  rather  deep 
hollows.  An  investigation  was  made  of 
the  relative  cost,  and  additional  length, 
of  running  round  some  of  the  valleys  in- 
stead of  across  them,  and  the  balance 
was  struck.  In  one  case,  where  the  cir- 
cuit of  the  valley  was  made,  one  mile 
was  thereby  lengthened  into  three  miles. 
In  other  cases  the  ratio  of  increase  would 
be  greater,  so  that  it  was  best  to  carry 
the  canal  across  these  valleys.  There 
were  no  masonry  falls  in  the  canal,  and 
the  scouring  action  of  the  under  sluices 
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in  the  weirs  was  local.  In  more  recent 
works  the  head  sluice  was  at  right  an- 
gles to,  and  close  upon,  the  under  sluice, 
the  latter  being  three  feet  lower,  so  that 
the  scour  took  place  across  the  whole 
face  of  the  head  sluice.  The  sand  in  the 
Soonkesala  anicut  for  almost  the  whole 
length  lay  within  about  eighteen  inches 
of  the  crest. 

No  attempt  had  been  made  to  deliver 
water  by  measurement;  and  though  he 
had  taken  two  cubic  yards  per  hour 
from  the  Madras  Government  as  the 
datum  on  which  to  calculate  the  capacity 
of  irrigation,  he  had  no  more  faith  in 
that  than  he  had  in  the  previous  Madras 
practice  as  regarded  provision  for  drain- 
age, which  turned  out  fallacious.  There 
had  been  no  experiments  to  indicate  how 
much  water  per  hour  per  acre  was  re- 
quired in  that  part  of  India.  In  the 
consideration  of  works  of  irrigation  in 
Jamaica  in  1871,  the  Surveyor  General 
of  Jamaica,  after  careful  inquiry,  adopt- 
ed one  cubic  yard  of  water  per  hour  for 
rice  irrigation  ;  he  imagined  that  was 
enough  for  a  rice  crop,  and  that  two 
cubic  yards  an  hour  would  be  too 
much. 

The  cost  of  the  engineering  staff  on 
these  works  included  that  of  the  surveys 
for  the  Nellore  part  of  the  works,  the 
Bellary  scheme,  and  the  reservoirs;  also 
stores  sufficient  for  executing  the  whole 
of  these  works;  so  that  it  was  an  excep- 
tionally large  percentage.  But  there 
were  no  contractors;  the  engineers  them- 
selves did  the  work  which  was  usually 
done  by  contractors;  and  he  did  not 
think  engineers  would  be  content  to 
carry  out  works  of  this  kind  at  4  or  5 
per  cent.,  including  the  cost  of  all  the 
subordinate  staff,  and  of  both  Home 
and  Indian  establishments. 


Geeat  inconvenience  continues  to  be 
felt  in  consequence  of  the  want  of  pas- 
senger communication  between  the  Great 
Northern  and  Great  Eastern  systems  at 
Hertford.  At  present  persons  studying 
Bradshaw  are  misled  by  that  apparent 
but  unreal  connection  of  lines  in  one 
station,  which  consists  of  the  great  dif- 
ference of  one  mile  and  a  half  from  ter- 
minus to  terminus.  So  travelers  arrive 
at  a  full  stop,  suddenly,  with  vexation. 
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THE  ASCENT  OF  STEEP  KAILWAY  GRADIENTS  BY 
LOCOMOTIVES. 

From  the  London  "Mining  Journal." 


An  interesting  and  valuable  series  of 
experiments  has  just  been  carried  out 
on  the  High  Peak  Railway,  of  the  Lon- 
don and  North  Western  Company,  in 
Derbyshire.  The  object  was  to  test  the 
practicability  of  working  heavy  traffic 
on  steep  gradients  by  Mr.  Henry  Handy- 
side's  method  of  conducting  the  traffic 
up  steep  inclines  by  locomotives,  instead 
of  by  stationary  engines.  The  inventor 
for  many  years  held  the  office  of  Assist- 
ant Provincial  Engineer  to  the  Govern- 
ment of  Nelson,  New  Zealand.  The 
conditions  of  the  development  of  this 
enterprising  colony  impressed  him  with 
the  necessity  of  providing  railways  at  a 
greatly  less  cost  than  is  required  to  con- 
struct the  even  tracts  which  are  insisted 
on  for  the  main  lines  of  this  country, 
and  the  first  condition  clearly  was  to  be 
able  to  work  the  traffic  with  considerably 
steeper  gradients.  Sacrificing  the  speed 
of  expresses  at  sixty  miles  an  hour,  and 
being  content  with  a  more  moderate 
though  still  quick  rate  of  transit,  and 
possessing  the  means  of  ascending  and 
descending  inclines  with  safety,  with 
slight  interruption  to  the  speed  of  the 
journey,  and  without  any  serious  addi- 
tion to  the  cost,  it  is  evident  that  the 
field  of  the  locomotive  and  the  railway, 
might  be  enormously  extended.  They 
might,  therefore,  with  these  conditions 
fulfilled,  traverse  districts  which  are  very 
hilly,  and  where  a  gradient  of  one  in 
seventy  or  eighty  would  mean  an  enor- 
mous cost  of  construction,  could  profita- 
bly be  introduced  into  parts  of  the 
country  where  the  trade  and  the  popula- 
tion would  not  give  a  dividend  on  the 
cost  of  an  ordinary  railway,  and  could 
particularly  be  rendered  available  to 
convey  mineral  products,  as  stone,  lime, 
&c,  from  the  mountainous  parts  of  the 
country,  where  they  are  generally  found. 
Our  main  lines  of  railway  have  been 
made,  but  the  feeders  have  yet  to  be 
constructed,  and  these  wait  only  for  the 
proof  that  they  can  be  built  at  a  low  cost, 
on  which  the  smaller  traffic  would  suffice 
to  pay  an  adequate  dividend.     In  coun- 


tries whose  population  is  small,  and 
whose  export  productions  are  mainly 
agricultural,  such  cheap  railway  systems 
would  widen  the  area  of  profitable  cul- 
tivation, and  render  natural  resources 
available  which  are  now  worthless  for 
want  of  the  means  of  transit.  It  is  the 
soberest  of  estimates  to  say  that,  let  it 
be  once  shown  that  good  working  rail- 
ways can  be  laid  down  at  40001.  or  50001. 
a  mile,  a  few  years  would  see  the  length 
of  railway  lines  in  the  world  doubled. 

This  is  the  problem  which  Mr.  Handy- 
side  has  set  himself  to  solve,  convinced 
that  all  existing  methods  are  essentially 
imperfect.  The  distinguishing  feature 
of  his  sytem  is  to  fix  the  locomotive  to 
the  rails  ;  and,  for  the  ascent  of  the  in- 
cline, to  convert  it  into  a  stationary  en- 
gine. His  plan  was  explained  in  a  paper 
read  at  the  meeting  of  the  British  Asso- 
ciation at  Bristol  last  year,  and  pub- 
lished as  a  pamphlet,  and  was  for  several 
weeks  at  work  in  the  conveyance  of  ma- 
terial out  of  the  basin  of  the  new  Avon- 
mouth  Dock  at  Bristol.  The  construc- 
tion is  simple.  At  the  back  of  the  loco- 
motive a  horizontal  drum  is  fixed,  round 
which  a  steel  wire-rope  is  coiled.  The 
drum  is  rotated  by  separate  cylinders, 
and  in  the  one  used  in  the  experiments 
to  be  described,  the  revolution  was  pro- 
duced internally  by  what  is  known  as 
the  sun  and  planet  motion,  but  this  is  no 
necessary  part  of  the  invention. 

On  each  side  of  the  engine-framing  is 
suspended  a  self-acting  gripping  strut. 
These,  when  pressed  by  levers,  clasp  the 
sides  of  the  rail  firmly,  and  so  fix  the 
engine  in  its  position  and  render  it 
stationary.  The  engine  is  of  light  con- 
struction, which  involves  a  saving  in  the 
weight  to  be  moved,  and  in  the  weight 
of  rail  and  general  construction  of  the 
permanent  way  ;  but  the  essential  nov- 
elty is  the  use  of  an  effective  brake  to 
give  great  power  in  arresting  speed  in 
the  descent,  and  particularly  in  fixing 
the  engine  in  the  ascent,  then  turning: 
the  steam  into  the  cylinders  which  pro- 
duce  the   revolution  of  the  drum,  and 


ASCENT   OF   STEEP   KAILWAY   GRADIENTS   BY   LOCOMOTIVES. 


499 


drawing  up  the  load  by  the  steel  wire- 
rope.  The  new  method  has  been  suc- 
cessfully tested  by  models,  and  by  its 
practical  application  in  hauling  at  the 
Avonmouth  Docks,  at  the  latter  on  a 
gradient  of  one  in  ten.  But  what  was 
needed  to  prove  its  complete  applicabil- 
ity to  railway  work,  was  that  it  should 
perform  the  actual  traffic  of  a  line  of 
railway. 

A  specially  favorable  opportunity  for 
the  application  of  this  test  has  been 
placed  at  the  disposal  of  the  inventor 
and  his  partners  in  the  enterprise,  by  the 
courtesy  of  *the  London  and  North- 
Western  Railway  Company.  They  are 
the  proprietors  of  the  High  Peak  Rail- 
way. This,  as  its  name  indicates,  trav- 
erses the  summits  of  the  ridge  which 
forms  the  western  watershed  of  the 
Derwent  and  the  Wye,  and  separates 
their  valleys  from  that  of  the  Dove.  It 
starts  from  Cromford,  on  the  right  bank 
of  the  Derwent,  not  far  from  Ambergate. 
It  rises  to  the  foot  of  the  Black  Rock 
*  by  a  gradient  of  one  in  eight,  and  pas- 
sing over  the  road  from  Wirksworth  to 
Cromford,  again  ascends  an  incline  to 
Middleton  of  one  in  ten.  It  proceeds 
from  that  point  on  the  level  to  the  foot 
of  the  Hopton  incline,  which  is  one- 
quarter  of  a  mile  long,  and  has  a  gra- 
dient of  one  in  fourteen.  Thence  there 
is  a  long  stretch  of  twelve  miles  on  the 
summit  of  the  hills  to  the  incline  at 
Shallcross,  which  has  a  gradient  of  one 
in  ten  or  eleven.  The  line  joins  the 
North-Western  Railway  proper  beyond 
Buxton.  This  is  one  of  the  oldest  rail- 
ways in  the  kingdom,  having  been  con- 
structed in  1826  as  a  horse  tramway, 
but  it  has  for  some  years  been  worked 
by  locomotives,  with  stationary  engines 
for  the  inclines.  In  addition  to  the  main 
line  there  are  several  sidings.  The  line 
is  single,  and  does  not  carry  passengers, 
the  principal  freights  being  limestone, 
the  fine  Hopton  paving  stone  got  near 
Wirksworth,  and  other  building  stones. 
The  traffic  on  the  line  is  considerable, 
though  it  is  not  regarded  as  a  profitable 
part  of  the  London  and  North-Western 
system. 

The  incline  chosen  to  test  the  power 
of  Mr.  Handyside's  system  is  that  at 
Hopton,  at  the  head  of  th^  famous  Yia 
Gellia.  It  is  ordinarily  worked  by  the 
balance  system,  which  is  convenient  at  a 


colliery  or  a  quarry  on  an  eminence, 
where  full  trucks  go  down  and  empty 
ones  up,  but  as  part  of  the  line  for  a 
miscellaneous  traffic  it  often  involves  a 
good  deal  of  waiting  to  secure  a  down- 
load to  balance  the  up-load.  A  long 
three-quarter  inch  endless  chain,  pas- 
sing over  iron  pulleys,  derives  its  mo- 
tion from  the  drum  attached  to  a  double 
stationary  engine  of  great  power  placed 
on  the  top  of  the  incline.  The  wear  is 
evidently  heavy,  and  the  weight  and 
friction  of  the  long  chain  add  greatly  to 
the  work  of  the  engine.  For  the  last 
three  weeks  Mr.  Handyside,  with  his 
brother-in-law,  Major  Haverfield,  have 
been  superintending  the  working  of  the 
traffic  by  the  new  system,  which  has 
been  done  with  perfect  ease.  The  Lon- 
don and  North-Western  Company  have 
had  time-keepers  to  note  the  work  done 
and  the  time  occupied,  and  one  of  their 
principal  engineers,  Mr.  Footner,  has 
carefully  watched  the  working  of  the 
new  system.  On  Thursday,  after  the 
ordinary  day's  work  had  been  done,  some 
hours  were  devoted  to  experimental 
trips  with  successful  results,  but  we 
prefer  describing  what  we  saw  and 
noted  on  Friday.  A  line  of  light  rails, 
fifty-four  pounds  to  the  yard,  has  been 
laid  on  unballasted  sleepers  without 
chairs.  The  head  of  the  rails  is  thicker 
than  usual,  but  the  shank  and  foot  are 
light,  and  the  rail  is  of  course  not  re- 
versible. The  work  does  not  appear  in 
the  least  to  have  disturbed  or  injured 
the  rails. 

The  mode  of  ascending  the  incline 
was  as  follows  : — The  engine  was  coupled 
at  the  siding  to  three  trucks  loaded  with 
limestone  or  iron  chairs  or  rails,  and 
weighing  without  the  engine,  which  is 
twenty-two  tons,  about  thirty-five  tons. 
The  train  ran  along  a  quarter  of  a  mile 
of  level  line  to  the  foot  of  the  incline. 
Here,  without  any  loss  of  time,  the  en- 
gine was  uncoupled,  the  trucks  remained 
stationary,  and  the  engine  ran  up  the  in- 
cline at  the  rate  of  about  twenty-five 
miles  an  hour,  paying  out  the  steel*  wire 
rope  from  the  drum,  that  having  been 
previously  fastened  to  the  front  truck. 
Having  ascended  half  way  the  engine 
stopped,  the  grippers  were  dropped  on 
and  clasped  the  rails,  and  the  steam  was 
turned  into  the  cylinders  which  worked 
the  drum.     The  three  trucks  were  then 
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rapidly  drawn  up  by  the  rope,  and  as 
soon  as  they  reached  the  engine  a  strut 
at  the  rear  was  dropped,  which  firmly 
supported  them,  the  engine  ran  to  the 
top  of  the  incline,  was  again  fixed  to  the 
rails,  and  drew  the  trucks  up  to  the  top, 
was  coupled  to  them,  and  drew  them 
away  to  a  siding,  and  then  ran  down  the 
incline  without  any  necessity  for  the  ap- 
plication of  the  brake  grippers,  fetched 
three  more  trucks,  and  repeated  the  op- 
eration. 

The  special  timed  work  done  on  Fri- 
day, was  *to  convey  eighteen  trucks 
loaded  with  stone  and  iron,  and  weighed 
by  the  London  and  North-Western  Com- 
pany, from  the  Middleton  siding  to  the 
top  of  the  Hopton  incline.  The  whole 
weight  without  the  engine  was  190  tons. 
The  engine  reached  the  loaded  trucks  at 
the  siding  at  thirty-four  minutes  forty 
seconds  after  one  o'clock.  The  trucks 
were  taken  up  three  at  a  time,  and  the 
whole  eighteen  were  raised  to  the  top 
of  the  incline,  and  all  but  the  last 
shunted  into  a  siding,  at  thirteen  minutes 
fifteen  seconds  after  three  o'clock,  so  that 
the  whole  work  occupied  one  hour  thirty- 
eight  minutes,  thirty-five  seconds.  Of 
this  time,  however,  seventeen  minutes 
forty-three  seconds  were  taken  up  by 
traversing  the  level  part  of  the  line  to 
the  foot  of  the  incline,  which  formed  no 
part  of  the  work  to  be  done  as  compared 
with  that  of  a  stationary  engine.  Again 
the  men  stopped  to  take  in  water,  from 
not  having  first  filled  the  boiler,  and  that 
occupied  six  minutes  fifty-seven  seconds. 
Deducting  these  two  items,  the  actual 
time  taken  to  raise  190  tons  up  an  in- 
cline a  quarter  of  a  mile  long,  on  a  gra- 
dient of  one  in  fourteen,  and,  therefore, 
rising  100  feet,  was  one  hour  thirteen 
minutes  fifty-five  seconds.  The  time 
was  thus  occupied  : 

Hrs.ms.scs^ 

Traversing  level  line 0  17  43 

Ascending  incline 0  40  48 

Descending  incline ,.... 0    8  33 

Shunting  at  top 0  16  59 

Coupling  at  foot  and  once  shunting  to 

clear  a  siding 0    7  35 

Taking  in  water 0    6  57 

Total 1  38  35 

From  what  we  know  of  the  working 
of  a  stationary  engine,  which  only  raises 
one  loaded  truck  at  once,  we  believe  the 
work   was  done  in  less  time  than   that 


would  occupy  without  deductions,  but 
in  that  case  there  must  have  been  a  loco- 
motive at  the  foot  to  drag  the  trucks  to 
the  incline,  and  one  at  the  top  to  shunt 
and  to  carry  them  forward.  In  the  case 
of  the  locomotive  tried  on  Friday,  it  did 
all  the  work  itself,  and  the  train  was 
shunted,  ready  to  be  coupled  to  the  last 
three  trucks,  and  proceeded  on  its 
journey.  The  average  time  occupied  in 
each  ascent  was  rather  under  six  minutes 
five  seconds,  and  the  engine  only  once 
took  over  a  minute  and  a  half  to  go 
down,  that  being  when  the  driver 
stopped  to  grease.  Two  of  the  descents 
were  made  in  a  minute  and  a  quarter 
each,  and  there  was  no  necessity  to  apply 
the  brake.  The  engine  previously  took 
seven  loaded  trucks  down  to  complete 
the  load  at  the  siding,  four  at  one  de- 
scent and  three  at  another.  The  brakes 
were  on  the  trucks,  but  it  was  not  neces- 
sary to  apply  the  engine  brake,  and  they 
went  down  quite  steadily.  Supposing 
that  the  engine  had  been  drawing  a  load 
of  three  trucks,  weighing,  as  one  lot  of  * 
these  did,  thirty-seven  and  a  half  tons, 
not  having  to  separate  them  it  would 
only  have  occupied  six  minutes  and  five 
seconds  in  the  ascent  of  100  feet,  and  in 
traversing  a  quarter  of  a  mile,  which 
would  have  been  an  almost  unapprecia- 
ble  interruption  for  the  incline.  Had 
the  load  been  six  trucks,  the  time,  with 
once  coupling  and  shunting,  would  not 
have  exceeded  sixteen  and  a  half  minutes, 
and  supposing  the  ordinary  speed  on  the 
level  to  be  at  the  rate  of  twenty  miles 
an  hour,  the  loss  of  time  would  be  a 
quarter  of  an  hour  for  the  incline,  as 
compared  with  a  perfectly  level  surface. 
A  light  passenger  train,  such  as  would 
traverse  a  line  of  this  character,  would 
not  require  division,  so  that  the  interrup- 
tion on  ascending  the  incline  would  be 
very  slight. 

On  Saturday,  the  engine  took  a  train 
of  twenty-seven  loaded  trucks,  weighing 
280  tons,  from  the  top  of  the  Hopton 
incline  to  Hurdlow — a  distance  of  twelve 
miles,  stopping  at  five  places  and  shunt- 
ing on  the  way.  It  traversed  the  whole 
distance  in  two  hours  fifty-three  minutes, 
consuming  500  gallons  of  water  and  five 
cwts.  of  coal.  It  took  twelve  wagons, 
ten  of  which  were  loaded  with  a  total 
weight  of  120  tons,  up  the  incline  at 
Hurdlow,  which  is  one  and  three-quarter 
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mile  long,  and  has  a  gradient  of  one  in 
sixty,  and  made  the  ascent  easily  without 
the  rope. 

It  descended  the  incline  and  got 
back  to  Hopton  in  three  hours  fifty- 
five  minutes  from  the  time  it  had  started 
from  the  latter  place.  It  was  then  sup- 
plied with  water,  went  down  the  incline, 
fetched  up  seven  loaded  wagons  in  two 
draws,  waited  for  the  down  train,  and 
took  that  train  of  nine  wagons,  weigh- 
ing ninety  tons,  at  once  down  the  incline 
and  on  to  Middleton. 

We  have  stated  the  facts  with  as 
little  comment  as  possible,  and  they  go 
far  to  prove  that  Mr.  Handyside  has 
shown  the  railway*  world  how  to  con- 
struct cheap  railways,  and  he  is  hardly 


extravagant  in  stating  that  with  his 
mode  of  traversing  inclines,  railways 
may  be  made  in  any  part  of  the  country 
at  £4,000  a  mile.  If  that  be  so,  the 
area  of  steam  locomotion  may  be  in- 
definitely extended,  and  the  traffic  on 
the  main  lines  increased  by  the  construc- 
tion of  numerous  feeders  across  districts 
which  would  not  pay  for  an  expensive 
even-graded  line. 

This  method  of  ascending  and  descend- 
ing inclines  may  prove  of  great  advan- 
tage in  warlike  operations,  and  the  War 
Office  so  thoroughly  appreciates  the  im- 
portance of  the  experiments  that  the 
Royal  Engineer  Committee  on  Field 
Railways  will  visit  Hopton  to  report  on 
the  system  early  next  month. 


THE  ORIGIN  AND  MEANING  OF  GEOMETRICAL  AXIOMS. 


By  JI.  HELMHOLTZ. 
From  "Mind." 


My  object  in  this  article  is  to  discuss 
the  philosophical  bearing  of  recent  in- 
quiries concerning  geometrical  axioms 
and  the  possibility  of  working  out  ana- 
lytically other  systems  of  geometry  with 
other  axioms  than  Euclid's.  The  origi- 
nal works  on  the  subject,  addressed  to 
experts  only,  are  particularly  abstruse, 
but  I  will  try  to  make  it  plain  even  to 
those  who  are  not  mathematicians.  It 
is  of  course  no  part  of  my  plan  to  prove 
the  new  doctrines  correct  as  mathemati- 
cal conclusions.  Such  proof  must  be 
sought  in  the  original  works  themselves. 

Among  the  first  elementary  proposi- 
tions of  geometry,  from  which  the  stu- 
dent is  led  on  by  continuous  chains  of 
reasoning  to  the  laws  of  more  and  more 
complex  figures,  are  some  which  are  held 
not  to  admit  of  proof,  though  sure  to  be 
granted  by  every  one  who  understands 
their  meaning.  These  are  the  so-called 
Axioms;  for  example,  the  proposition 
that  if  the  shortest  line  drawn  between 
two  points  is  called  straight  there  can 
be  only  one  such  straight  line.  Again, 
it  is  an  axiom  that  through  any  three 
points  in  space,  not  lying  in  a  straight 
line,  a  plane  may  be  drawn,  i.e.,  a  surface 
which  will  wholly  include  every  straight 


line  joining  any  two  of  its  points. 
Another  axiom,  about  which  there  has 
been  much  discussion,  affirms  that 
through  a  point  lying  without  a  straight 
line  only  one  straight  line  can  be  drawn 
parallel  to  the  first;  two  straight  lines 
that  lie  in  the  same  plane  and  never 
meet,  however  far  they  may  be  produced, 
being  called  parallel.  There  are  also 
axioms  that  determine  the  number  of  di- 
mensions of  space  and  its  surfaces,  lines 
and  points,  showing  how  they  are  con- 
tinuous; as  in  the  propositions,  that  a 
solid  is  bounded  by  a  surface,  a  surface 
by  a  line  and  a  line  by  a  point,  that  the 
point  is  indivisible,  that  by  the  move- 
ment of  a  point  a  line  is  described,  by  that 
of  a  line  a  line  or  a  surface,  by  that  of  a 
surface  a  surface  or  a  solid,  but  by  the 
movement  of  a  solid  a  solid  and  nothing 
else  is  described. 

Now  what  is  the  origin  of  such  prop- 
ositions, unquestionably  true  yet  incapa- 
ble of  proof  in  a  science  where  every- 
thing else  is  reasoned  conclusion  ?  Are 
they  inherited  from  the  divine  source  of 
our  reason  as  the  idealistic  philosophers 
think,  or  is  it  only  that  the  ingenuity  of 
mathematicians  has  hitherto  not  been 
penetrating  enough   to   find  the  proof? 
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Every  new  votary,  coming  with  fresh 
zeal  to  geometry,  naturally  strives  to 
succeed  where  all  before  him  have  failed. 
And  it  is  quite  right  that  each  should 
make  the  trial  afresh;  for,  as  the  question 
has  hitherto  stood,  it  is  only  by  the 
fruitlessness  of  one's  own  efforts  that 
one  can  be  convinced  of  the  impossibility 
of  finding  a  proof.  Meanwhile  solitary 
inquirers  are  always,  from  time  to  time, 
appearing  who  become  so  deeply  en- 
tangled in  complicated  trains  of  reason- 
ing that  they  can  no  longer  discover 
their  mistakes  and  believe  they  have 
solved  the  problem.  The  axiom  of  par- 
allels especially  has  called  forth  a  great 
number  of  seeming  demonstrations. 

The  main  difficulty  in  these  inquiries 
is  and  always  has  been  the  readiness 
with  which  results  of  every-day  experi- 
ence become  mixed  up  as  apparent 
necessities  of  thought  with  the  logical 
processes,  so  long  as  Euclid's  method  of 
constructive  intuition  is  exclusively  fol- 
lowed in  geometry.  In  particular  it  is 
extremely  difficult,  on  this  method,  to  be 
quite  sure  that  in  the  steps  prescribed 
for  the  demonstration  we  have  not  in- 
voluntarily and  unconsciously  drawn  in 
some  most  general  results  of  experience, 
which  the  power  of  executing  certain 
parts  of  the  operation  has  already  taught 
us  practically.  In  drawing  any  sub- 
sidiary- line  for  the  sake  of  his  demon- 
stration, the  well-trained  geometer  asks 
always  if  it  is  possible  to  draw  such  a 
line.  It  is  notorious  that  problems  of 
construction  play  an  essential  part  in  the 
system  of  geometry.  At  first  sight, 
these  appear  to  be  practical  operations, 
introduced  for  the  training  of  learners  ; 
but  in  reality  they  have  the  force  of  ex- 
istential propositions.  They  declare 
that  points,  straight  lines  or  circles,  such 
as  the  problem  requires  to  be  constructed, 
are  possible  under  all  conditions,  or  they 
determine  any  exceptions  that  there  may 
be.  The  point  on  which  the  investiga- 
tions turn  that  we  are  going  to  consider 
is  essentially  of  this  nature.  The  found- 
ation of  all  proof  by  Euclid's  method 
consists  in  establishing  the  congruence 
of  lines,  angles,  plane  figures,  solids,  &c. 
To  make  the  congruence  evident,  the 
geometrical  figures  are  supposed  to  be 
applied  to  one  another,  of  course  with- 
out changing  their  form  and  dimensions. 
That  this  is  in  fact  possible  we  have  all 


experienced  from  our  earliest  youth. 
But,  when  we  would  build  necessities  of 
thought  upon  this  assumption  of  the  free 
translation  of  fixed  figures  with  un- 
changed form  to  every  part  of  space,  we 
must  see  whether  the  assumption  does 
not  involve  some  presupposition  of  which 
no  logical  proof  is  given.  We  shall  see 
later  on  that  it  does  contain  one  of  most 
serious  import.  But  if  so,  every  proof 
by  congruence  rests  upon  a  fact  which  is 
obtained  from  experience  only. 

I  offer  these  remarks  at  first  only  to 
show  what  difficulties  attend  the  com- 
plete analysis  of  the  presuppositions  we 
make  in  employing  the  common  con- 
structive method.  We  evade  them  when 
we  apply  to  the  investigation  of  princi- 
ples the  analytical  method  of  modern 
algebraical  geometry.  The  whole  pro- 
cess of  algebraical  calculation  is  a  purely 
logical  operation;  it  can  yield  no  relation 
between  the  quantities  submitted  to  it 
that  is  not  already  contained  in  the 
equations  which  give  occasion  for  its  be- 
ing applied.  The  recent  investigations 
have  accordingly  been  conducted  almost 
exclusively  by  means  of  the  purely 
abstract  methods  of  analytical  geome- 
try. 

However,  after  discovering  by  the  ab- 
stract method  what  are  the  points  in 
question,  we  shall  best  get  a  distinct  view 
of  them  by  taking  a  region  of  narrower 
limits  than  our  own  world  of  space. 
Let  us,  as  we  logically  may,  suppose 
reasoning  beings  of  only  two  dimensions 
to  live  and  move  on  the  surface  of  some 
solid  body.  We  will  assume  that  they 
have  not  the  power  of  perceiving  any- 
thing outside  this  surface,  but  that  upon 
it  they  have  perceptions  similar  to  ours. 
If  such  beings  worked  out  a  geometry, 
they  would  of  course  assign  only  two  di- 
mensions to  their  space.  They  would 
ascertain  that  a  point  in  moving  de- 
scribes a  line,  and  that  a  line  in  moving 
describes  a  surface.  But  they  could  as 
little  represent  to  themselves  what 
further  spatial  construction  would  be 
generated  by  a  surface  moving  out  of 
itself,  as  we  can  represent  what  would 
be  generated  by  a  solid  moving  out  of 
the  space  we  know.  By  the  much 
abused  expression  "to  represent"  or  "to 
be  able  to  think  how  something  happens" 
I  understand — and  I  do  not  see  how  any- 
thing else  can  be  understood  by  it  with- 
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out  loss  of  all  meaning — the  power  of 
imagining  the  whole  series  of  sensible 
impressions  that  would  be  had  in  such  a 
case.  Now  as  no  sensible  impression  is 
known  relating  to  such  an  unheard-of 
event  as  the  movement  to  a  fourth  di- 
mension would  be  to  us,  or  as  a  move- 
ment to  our  third  dimension  would  be  to 
the  inhabitants  of  a  surface,  such  a  "  rep- 
resentation "  is  as  impossible  as  the  "rep- 
resentation "  of  colors  would  be  to  one 
born  blind,  though  a  description  of  them 
in  general  terms  might  be  given  to  him. 

Our  surface-beings  would  also  be  able 
to  draw  shortest  lines  in  their  superficial 
space.  These  would  not  necessarily  be 
straight  lines  in  our  sense,  but  what  are 
technically  called  geodetic  lines  of  the 
surface  on  which  they  live,  lines  such  as 
are  described  by  a  tense  thread  laid 
along  the  surface  and  which  can  slide 
upon  it  freely.  I  will  henceforth  speak 
of  such  lines  as  the  straightest  lines  of 
any  particular  surface  or  given  space,  so 
as  to  bring  out  their  analogy  with  the 
straCght  line  in  a  plane. 

Now  if  beings  of  this  kind  lived  on  an 
infinite  plane,  their  geometry  would  be 
exactly  the  same  as  our  planimetry. 
They  would  affirm  that  only  one  straight 
line  is  possible  between  two  points,  that 
through  a  third  point  lying  without  this 
line  only  one  line  can  be  drawn  parallel 
to  it,  that  the  ends  of  a  straight  line 
never  meet  though  it  is  produced  to  in- 
finity, and  so  on.  Their  space  might  be 
infinitely  extended,  but  even  if  there 
were  limits  to  their  movement  and  per- 
ception, they  would  be  able  to  represent 
to  themselves  a  continuation  beyond 
these  limits,  and  thus  their  space  would 
appear  to  them  infinitely  extended,  just 
as  ours  does  to  us,  although  our  bodies 
cannot  leave  the  earth  and  our  sight 
only  reaches  as  far  as  the  visible  fixed 
stars. 

But  intelligent  beings  of  the  kind  sup- 
posed might  also  live  on  the  surface  of  a 
sphere.  Their  shortest  or  straightest 
line  between  two  points  would  then  be 
an  arc  of  the  great  circle  passing  through 
them.  Every  great  circle  passing 
through  two  points  is  by  these  divided 
into  two  parts,  and  if  they  are  unequal 
the  shorter  is  certainly  the  shortest  line 
on  the  sphere  between  the  two  points, 
but  also  the  other  or  larger  arc  of  the 
same    great    circle     is     a    geodetic    or 


straightest  line,  i.e.,  every  smaller  part 
of  it  is  the  shortest  line  between  its  ends. 
Thus  the  notion  of  the  geodetic  or 
straightest  line  is  not  quite  identical 
with  that  of  the  shortest  line.  If  the 
two  given  points  are  the  ends  of  a 
diameter  of  the  sphere,  every  plane  pass- 
ing through  this  diameter  cuts  semi- 
circles on  the  the  surface  of  the  sphere 
all  of  which  are  shortest  lines  between 
the  ends;  in  which  case  there  is  an  in- 
finite number  of  equal  shortest  lines 
between  the  given  points.  Accordingly, 
the  axiom  of  there  being  only  one 
shortest  line  between  two  points  would 
not  hold  without  a  certain  exception  for 
the  .dwellers  on  a  sphere. 

Of  parallel  lines  the  sphere-dwellers 
would  know  nothing.  They  would 
declare  that  any  two  straightest  lines, 
sufficiently  produced,  must  finally  cut 
not  in  one  only  but  in  two  points.  The 
sum  of  the  angles  of  a  triangle  would  be 
always  greater  than  two  right  angles, 
increasing  as  the  surface  of  the  triangle 
grew  greater.  They  could  thus  have  no 
conception  of  geometrical  similarity 
between  greater  and  smaller  figures  of 
the  same  kind,  for  with  them  a  greater 
triangle  must  have  different  angles  from 
a  smaller  one.  Their  space  would  be 
unlimited,  but  would  be  found  to  be 
finite  or  at  least  represented  as  such. 

It  is  clear,  then,  that  such  beings  must 
set  up  a  very  different  system  of  geo- 
metrical axioms  from  that  of  the  inhabi- 
tants of  a  plane  or  from  ours  with  our 
space  of  three  dimensions,  though  the 
logical  powers  of  all  were  the  same;  nor 
are  more  examples  necessary  to  show 
that  geometrical  axioms  must  vary  ac- 
cording to  the  kind  of  space  inhabited. 
But  let  us  proceed  still  farther. 

Let  us  think  of  reasoning  beings  exist- 
ing on  the  surface  of  an  egg-shaped 
body.  Shortest  lines  could  be  drawn 
between  three  points  of  such  a  surface 
and  a  triangle  constructed.  But  if  the 
attempt  were  made  to  construct  congruent 
triangles  at  different  parts  of  the  surface, 
it  would  be  found  that  two  triangles 
with  three  pairs  of  equal  sides  would  not 
have  their  angles  equal.  The  sum  of 
the  angles  of  a  triangle  drawn  at  the 
sharper  pole  of  the  body  would  depart 
farther  from  two  right  angles  than  if  the 
triangle  were  drawn  at  the  blunter  pole 
or   at   the   equator.     Hence   it   appears 
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that  not  even  such  a  simple  figure  as  a 
triangle  can  be  moved  on  such  a  surface 
without  change  of  form.  It  would  also 
be  found  that  if  circles  of  equal  radii 
were  constructed  at  different  parts  of 
such  a  surface  (the  length  of  the  radii 
being  always  measured  by  shortest  lines 
along  the  surface)  the  periphery  would 
be  greater  at  the  blunter  than  at  the 
sharper  end. 

We  see  accordingly  that,  if  a  surface 
admits  of  the  figures  lying  on  it  being 
freely  moved  without  change  of  any  of 
their  lines  and  angles  as  measured  along 
it,  the  property  is  a  special  one  and  does 
not  belong  to  every  kind  of  surface. 
The  condition  under  which  a  surface 
possesses  this  important  property  was 
pointed  out  by  Gauss  in  his  celebrated 
treatise  on  the  curvature  of  surfaces. 
The  "  measure  of  curvature,"  as  he  called 
it,  i.e.,  the  reciprocal  of  the  product  of 
the  greatest  and  least  radii  of  curvature, 
must  be  everywhere  equal  over  the  whole 
extent  of  the  surface. 

Gauss  showed  at  the  same  time  that 
this  measure  of  curvature  is  not  changed 
if  the  surface  is  bent  without  distension 
or  contraction  of  any  part  of  it.  Thus 
we  can  roll  up  a  fiat  sheet  of  paper  into 
the  form  of  a  cylinder  or  of  a  cone  with- 
out any  change  in  the  dimensions  of  the 
figures  taken  along  the  surface  of  the 
sheet.  Or  the  hemispherical  fundus  of 
a  bladder  may  be  rolled  into  a  spindle- 
shape  without  altering  the  dimensions  on 
the  surface.  Geometry  on  a  plane  will 
therefore  be  the  same  as  on  a  cylindrical 
surface;  only  in  the  latter  case  we  must 
imagine  that  any  number  of  layers  of 
this  surface,  like  the  layers  of  a  rolled 
sheet  of  paper,  lie  one  upon  another  and 
that  after  each  entire  revolution  round 
the  cylinder  a  new  layer  is  reached. 

These  observations  are  meant  to  give 
the  reader  a  notion  of  a  kind  of  surface 
the  geometry  of  which  is  on  the  whole 
similar  to  that  of  the  plane,  but  in  which 
the  axiom  of  parallels  does  not  hold  good, 
namely,  a  kind  of  curved  surface  which 
geometrically  is,  as  it  were,  the  counter- 
part of  a  sphere,  and  which  has  there- 
fore been  called  the  pseuclospherical  sur- 
face by  the  distinguished  Italian  mathe- 
matician, E.  Beltrami,  who  has  investi- 
gated its  properties.  It  is  a  saddle- 
shaped  surface  of  which  only  limited 
pieces  or  strips  can  be  connectedly  repre- 


sented in  our  space,  but  which  may  yet 
be  thought  of  as  infinitely  continued  in 
all  directions,  since  each  piece  lying  at 
the  limit  of  the  part  constructed  can  be 
conceived  as  drawn  back  to  the  middle  of 
it  and  then  continued.  The  piece  dis- 
placed must  in  the  process  change  its 
flexure  but  not  its  dimensions,  just  as 
happens  with  a  sheet  of  paper  moved 
about  a  cone  formed  out  of  a  plane  rolled 
up.  Such  a  sheet  fits  the  conical  surface 
in  every  part,  but  must  be  more  bent 
near  the  vertex  and  cannot  be  so  moved 
over  the  vertex  as  to  be  at  the  same  time 
adapted  to  the  existing  cone  and  to  its 
imaginary  continuation  beyond. 

Like  the  plane  and  the  sphere,  pseudo- 
spherical  surfaces  have  their  measure  of 
curvature  constant,  so  that  every  piece 
of  them  can  be  exactly  applied  to  every 
other  piece,  and  therefore  all  figures  con- 
structed at  one  place  on  the  surface  can 
be  transferred  to  any  other  place  with 
perfect  congruity  of  form  and  perfect 
equality  of  all  dimensions  lying  in  the 
surface  itself.  The  measure  of  curvature 
as  laid  down  by  Gauss,  which  is  positive 
for  the  sphere  and  zero  for  the  plane, 
would  have  a  constant  negative  value 
for  pseudospherical  surfaces,  because  the 
two  principal  curvatures  of  a  saddle- 
shaped  surface  have  their  concavity 
turned  opposite  ways. 

A  strip  of  a  pseudospherical  surface 
may,  for  example,  be  represented  by  the 
inner  surface  (turned  towards  the  axis) 
of  a  solid  anchor-ring.  If  the  plane 
figure  aabb  (Fig.  1)  is  made  to  revolve 


Fig.  1. 


Fig.  2. 


on  its  axis  of  symmetry  A  B,  the  two- 
arcs  a  b  will  describe  a  pseudospherical 
concave-convex  surface  like  that  of  the 
ring.  Above  and  below,  towards  a  a  and 
bb,  the  surface  will  turn  outwards  with 
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ever-increasing  flexure,  till  it  becomes 
perpendicular  to  the  axis  and  ends  at  the 
edge  with  one  curvature  infinite.  Or, 
again,  half  of  a  pseudospherical  surface 
may  be  rolled  up  into  the  shape  of  a 
champagne-glass  (Fig.  2)  with  tapering 
stem  infinitely  prolonged.  But  the  sur- 
face is  always  necessarily  bounded  by  a 
sharp  edge  beyond  which  it  cannot  be 
directly  continued.  Only  by  supposing 
each  single  piece  of  the  edge  cut  loose 
and  drawn  along  the  surface  of  the  ring 
or  glass,  can  it  be  brought  to  places  of 
different  flexure  at  which  farther  con- 
tinuation of  the  piece  is  possible. 

In  this  way  too  the  straightest  lines 
of  the  pseudospherical  surface  may  be 
infinitely  produced.  They  do  not  like 
those  on  a  sphere  return  upon  themselves, 
but,  as  on  a  plane,  only  one  shortest  line 
is  possible  between  two  given  points. 
The  axiom  of  parallels  does  not  however 
hold  good.  If  a  straightest  line  is  given 
on  the  surface  and  a  point  without  it,  a 
whole  pencil  of  straightest  lines  may 
pass  through  the  point,  no  one  of  which, 
though  infinitely  produced,  cuts  the  first 
line;  the  pencil  itself  being  limited  by 
two  straightest  lines,  one  of  which  inter- 
sects one  of  the  ends  of  the  given  line  at 
an  infinite  distance,  the  other  the  other 
end. 

As  it  happened,  a  system  of  geomety 
excluding  the  axiom  of  parallels  was  de- 
vised on  Euclid's  synthetic  method,  as 
far  back  as  the  year  1829,  by  N.  J. 
Lobatschewsky,  professor  of  mathema- 
tics at  Kasan,  and  it  was  proved  that 
this  system  could  be  carried  out  as  con- 
sistently as  Euclid's.  It  agrees  exactly 
with  the  geometry  of  the  pseudospheri- 
cal surfaces  worked  out  recently  by 
Beltrami. 

Thus  we  see  that  in  the  geometry  of 
two  dimensions  a  surface  is  marked  out 
as  a  plane  or  a  sphere  or  a  pseudospheri- 
cal surface  by  the  assumption  that  any 
figure  may  be  moved  about  in  all  direc- 
tions without  change  of  dimensions. 
The  axiom  that  there  is  only  one  shortest 
line  between  any  two  points  distinguishes 
the  plane  and  the  pseudospherical  sur- 
face from  the  sphere,  and  the  axiom  of 
parallels  marks  off  the  plane  from  the 
pseudosphere.  These  three  axioms  are 
in  fact  necessary  and  sufficient  to  define 
as  a  plane  the  surface  to  which  Euclid's 
planimetry  has  reference,  as  distinguish- 


ed from  all  other  modes  of  space  in  two 
dimensions. 

The  difference  between  plane  and 
spherical  geometry  has  been  long  evident, 
but  the  meaning  of  the  axiom  of  parallels 
could  not  be  understood  till  Gauss  had 
developed  the  notion  of  surfaces  flexible 
without  dilatation  and  consequently  that 
of  the  possibly  infinite  continuation  of 
pseudospherical  surfaces.  Inhabiting  a 
space  of  three  dimensions  and  endowed 
with  organs  of  sense  for  their  perception, 
we  can  represent  to  ourselves  the  various 
cases  in  which  beings  on  a  surface  might 
have  to  develop  their  perception  of  space ; 
for,  we  have  only  to  limit  our  own  per- 
ceptions to  a  narrower  field.  It  is  easy 
to  think  away  perceptions  that  we  have; 
but  it  is  very  difficult  to  imagine  per- 
ceptions to  which  there  is  nothing  analo- 
gous in  our  experience.  When,  there- 
fore, we  pass  to  space  of  three  dimen- 
sions we  are  stopped  in  our  power  of 
representation  by  the  structure  of  our 
organs  and  the  experiences  got  through 
them  which  correspond  only  to  the  space 
in  which  we  live. 

There  is  however  another  way  of 
treating  geometry  scientifically.  All 
known  space-relations  are  measurable,, 
that  is  they  may  be  brought  to  deter- 
mination of  magnitudes  (lines,  angles, 
surfaces,  volumes).  Problems  in  geo- 
metry can  therefore  be  solved  by  find- 
ing methods  of  calculation  for  arriving 
at  unknown  magnitudes  from  known 
ones.  This  is  done  in  analytical  geo- 
metry, where  all  forms  of  space  arc 
treated  only  as  quantities  and  determined 
by  means  of  other  quantities.  Even  the 
axioms  themselves  make  reference  to 
magnitudes.  The  straight  line  is  defined 
as  the  shortest  between  two  points,  which 
is  a  determination  of  quantity.  The 
axiom  of  parallels  declares  that  if  two 
straight  lines  in  a  plane  do  not  intersect 
(are  parallel),  the  alternate  angles,  or  the 
corresponding  angles,  made  by  a  third 
line  intersecting  them,  are  equal;  or  it 
may  be  laid  down  instead  that  the  sum 
of  the  angles  of  any  triangle  is  equal  to 
two  right  angles.  These  are  determina- 
tions of  quantity. 

Now  we  may  start  with  this  view  of 
space,  according  to  which  the  position 
of  a  point  may  be  determined  by  meas- 
urements in  relation  to  any  given  figure 
(system  of  co-ordinates)  taken  as  fixed. 
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and  then  inquire  what  are  the  special 
characteristics  of  our  space  as  manifested 
in  the  measurements  that  have  to  be 
made,  and  how  it  differs  from  other  ex- 
tended quantities  of  like  variety.  This 
path  was  first  entered  by  one  too  early 
lost  to  science,  B.  Riemann  of  Gottingen. 
It  has  the  peculiar  advantage  that  all 
its  operations  consist  in  pure  calculation 
of  quantities,  which  quite  obviates  the 
danger  of  habitual  perceptions  being 
taken  for  necessities  of  thought. 

The  number  of  measurements  neces- 
sary to  give  the  position  of  a  point  is 
equal  to  the  number  of  dimensions  of  the 
space  in  question.  In  a  line  the  distance 
from  one  fixed  point  is  sufficient,  that  is 
to  say,  one  quantity;  in  a  surface  the 
distances  from  two  fixed  points  must  be 
given;  in  space,  the  distances  from 
three;  or  we  require  as  on  the  earth 
longitude,  latitude  and  height  above 
the  sea,  or,  as  is  usual  in  analytical  geo- 
metry, the  distances  from  three  co-ordi- 
nate planes.  Riemann  calls  a  system  of 
differences,  in  which  one  thing  can  be  de- 
termined by  n  measurements,  an  "  ?ifold 
extended  aggregate  "  or  an  "  aggregate 
of  n  dimensions.'1  Thus  the  space  in 
which  we  live  is  a  three-fold,  a  surface 
is  a  two-fold  and  a  line  is  a  simple  ex- 
tended aggregate  of  points.  Time  also 
is  an  aggregate  of  one  dimension.  The 
system  of  colors  is  an  aggregate  of  three 
dimensions,  inasmuch  as  each  color,  ac- 
cording to  the  investigations  of  Th. 
Young  and  Clerk  Maxwell,  may  be  rep- 
resented as  a  mixture  of  three  primary 
colors,  taken  in  definite  quantities.  The 
particular  mixtures  can  be  actually  made 
with  the  color-top. 

In  the  same  way  we  may  consider  the 
system  of  simple  tones  as  an  aggregate 
of  two  dimensions,  if  we  distinguish  only 
pitch  and  intensity  and  leave  out  of  ac- 
count differences  of  timbre.  This  gen- 
eralisation of  the  idea  is  well-suited  to 
I)ring  out  the  distinction  between  space 
of  three  dimensions  and  other  aggre- 
gates. We  can,  as  we  know  from  daily 
experience,  compare  the  vertical  distance 
of  two  points  with  the  horizontal  dis- 
tance of  two  others,  because  we  can 
apply  a  measure  first  to  the  one  pair  and 
then  to  the  other.  But  we  cannot  com- 
pare the  difference  between  two  tones  of 
equal  pitch  and  different  intensity  with 
that  between  two  tones  of  equal  intensity 


and  different  pitch.  Riemann  showed 
by  considerations  of  this  kind  that  the 
essential  foundation  of  any  system  of 
geometry  is  the  expression  that  it  gives 
for  the  distance  between  two  points 
lying  in  any  direction  from  one  another, 
begining  with  the  interval  as  infinitesi- 
mal. He  took  from  analytical  geometry 
the  most  general  form  for  this  expres- 
sion, that,  namely,  which  leaves  alto- 
gether open  the  kind  of  measurements 
by  which  the  position  of  any  point  is 
given.*  Then  he  showed  that  the  kind 
of  free  mobility  without  change  of  form 
which  belongs  to  bodies  in  our  space  can 
only  exist  when  certain  quantities  yielded 
by  the  calculationf — quantities  that  coin- 
cide with  Gauss's  measure  of  surface- 
curvature  when  they  are  expressed  for 
surfaces — have  everywhere  an  equal 
value.  For  this  reason  Riemann  calls 
these  quantities,  when  they  have  the 
same  value  in  all  directions  for  a  parti- 
cular spot,  the  measure  of  curvature  of 
the  space  at  this  spot.  To  prevent  mis- 
understanding I  will  once  more  observe 
that  this  so-called  measure  of  space- 
curvature  is  a  quantity  obtained  by 
purely  analytical  calculation  and  that 
its  introduction  involves  no  suggestion 
of  relations  that  would  have  a  meaning 
only  for  sense-perception.  The  name  is 
merely  taken,  as  a  short  expression  for 
a  complex  relation,  from  the  one  case  in 
which  the  quantity  designated  admits  of 
sensible  representation. 

Now  whenever  the  value  of  this  meas- 
ure of  curvature  in  any  space  is  every- 
where zero,  that  space  everywhere  con- 
forms to  the  axioms  of  Euclid;  and  it 
may  be  called  aflat  (homaloid)  space  in 
contradistinction  to  other  spaces,  analyt- 
ically constructive,  that  may  be  called 
curved  because  their  measure  of  curva- 
tures has  value  other  than  zero.  Analyt- 
ical geometry  may  be  as  completely  and 
consistently  worked  out  for  such  spaces 
as  ordinary  geometry  for  our  actually 
existing  homaloid  space. 

If  the  measure  of  curvature  is  positive 
we  have  spherical  space,  in  which 
straightest  lines  return  upon  themselves 
and  there  are  no  parallels.     Such  a  space 

*  For  the  square  of  the  distance  of  two  infinitely  near 
points  the  expression  is  a  homogeneous  quadric  function 
of  the  differentials  of  their  co-ordinates. 

t  They  are  algebraical  expressions  compounded  from 
the  co-efficients  of  the  various  terms  in  the  expression  for 
the  square  of  the  distance  of  two  contiguous  points  and 
from  their  differential  quotients. 
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would,  like  the  surface  of  a  sphere,  be 
unlimited  but  not  infinitely  great.  A 
constant  negative  measure  of  curvature 
on  the  other  hand  gives  pseudos2?herical 
space,  in  which  straightest  lines  run  out 
to  infinity  and  a  pencil  of  straightest 
lines  may  be  drawn  in  any  flattest  sur- 
face through  any  point  which  does  not 
intersect  another  given  straightest  line  in 
that  surface. 

Beltrami  has  rendered  these  last  rela- 
tions imaginable  by  showing  that  the 
points,  lines  and  surfaces  of  a  pseudo- 
spherical  space  of  three  dimensions  can 
be  so  portrayed  in  the  interior  of  a 
sphere  in  Euclid's  homaloid  space,  that 
every  straightest  line  or  flattest  surface 
of  the  pseudospherical  space  is  repre- 
sented by  a  straight  line  or  a  plane, 
respectively,  in  the  sphere.  The  surface 
itself  of  the  sphere  corresponds  to  the 
infinitely  distant  points  of  the  pseudo- 
spherical  space;  and  the  different  parts 
of  this  space,  as  represented  in  the 
sphere,  become  smaller  the  nearer  they 
lie  to  the  spherical  surface,  diminishing 
more  rapidly  in  the  direction  of  the  radii 
than  in  that  perpendicular  to  them. 
Straight  lines  in  the  sphere  which  only 
intersect  beyond  its  surface  correspond 
to  straightest  lines  of  the  pseudospheri- 
cal space  which  never  intersect. 

Thus  it  appeared  that  space,  considered 
as  a  region  of  measurable  quantities, 
does  not  at  all  correspond  with  the  most 
general  conception  of  an  aggregate  of 
three  dimensions,  but  involves  also 
special  conditions,  depending  on  the 
perfectly  free  mobility  of  solid  bodies 
without  change  of  form  to  all  parts  of  it 
and  with  all  possible  changes  of  direction, 
and,  farther,  on  the  special  value  of  the 
measure  of  curvature  which  for  our 
actual  space  equals,  or  at  least  is  not 
distinguishable  from,  zero.  This  latter 
definition  is  given  in  the  axioms  of 
straight  lines  and  parallels. 

Whilst  Riemann  entered  upon  this 
new  field  from  the  side  of  the  most 
general  and  fundamental  questions  of 
analytical  geometry,  I  myself  arrived  at 
similar  conclusions,  partly  from  seeking 
to  represent  in  space  the  system  of  colors, 
involving  the  comparison  of  one  three- 
fold extended  aggregate  with  another, 
and  partly  from  inquiries  on  the  origin 
of  our  ocular  measure  for  distances  in 
the  field  of  vision.     Riemann  starts  by 


assuming  the  above-mentioned  algebrai- 
cal expression  which  represents  in  the 
most  general  form  the  distance  between 
two  infinitely  near  points,  and  deduces 
therefrom  the  conditions  of  mobility  of 
rigid  figures.  I,  on  the  other  hand, 
starting  from  the  observed  fact  that  the 
movement  of  rigid  figures  is  possible  in 
our  space,  with  the  degree  of  freedom 
that  we  know,  deduce  the  necessity  of 
the  algebraic  expression  taken  by 
Riemann  as  an  axiom.  The  assumptions 
that  I  had  to  make  as  the  basis  of  the 
calculation  were  the  following. 

First,  to  make  algebraical  treatment 
possible,  it  must  be  assumed  that  the 
position  of  any  point  A  can  be  deter- 
mined, in  relation  to  certain  given  figures 
taken  as  fixed  bases,  by  measurement  of 
some  kind  of  magnitudes,  as  lines,  angles 
between  lines,  angles  between  surfaces 
and  so  forth.  The  measurements  neces- 
sary for  determining  the  position  of  A 
are  known  as  its  co-ordinates.  In 
general  the  number  of  co-ordinates  neces- 
sary to  the  complete  determination  of 
the  position  of  a  point  marks  the  number 
of  the  dimensions  of  the  space  in  ques- 
tion. It  is  further  assumed  that  with 
the  movement  of  the  point  A  the  mag- 
nitudes used  as  co-ordinates  vary  con- 
tinuously. 

Secondly,  the  definition  of  a  solid  body, 
or  rigid  system  of  points,  must  be  made 
in  such  a  way  as  to  admit  of  magnitudes 
being  compared  by  congruence.  As  we 
must  not  at  this  stage  assume  any  special 
methods  for  the  measurement  of  magni- 
tudes, our  definition  can,  in  the  first 
instance,  run  only  as  follows  :  Between 
the  co-ordinates  of  any  two  points 
belonging  to  a  solid  body,  there  must  be 
an  equation  which,  however  the  body  is 
moved,  expresses  a  constant  spatial  rela- 
tion (proving  at  last  to  be  the  distance) 
between  the  two  points,  and  which  is 
the  same  for  congruent  pairs  of  points, 
that  is  to  say,  such  pairs  as  can  be  made 
successively  to  coincide  in  space  with 
the  same  fixed  pair  of  points. 

However  indeterminate  in  appearance, 
this  definition  involves  most  important 
consequences,  because  with  increase  in  the 
number  of  points  the  number  of  equa- 
tions increases  much  more  quickly  than 
the  number  of  co-ordinates  which  they 
determine.  Five  points,  A,  B,  C,  D,  E 
give  ten  different  pairs  of  points  (A  B, 
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AC,  AD,  AE,BC,BD,  BE,  CD,  CE, 

D  E)  and  therefore  ten  equations,  involv- 
ing in  space  of  three  dimensions  fifteen 
variable  co-ordinates.  But  of  these 
fifteen  six  must  remain  arbitrary  if  the 
system  of  five  points  is  to  admit  of  free 
movement  and  rotation,  and  thus  the  ten 
equations  can  determine  only  nine  co- 
ordinates as  functions  of  the  six  variables. 
With  six  points  we  obtain  fifteen  equa- 
tions for  twelve  quantities,  with  seven 
points  twenty-one  equations  for  fifteen, 
and  so  on.  Now  from  n  independent 
equations  we  can  determine  n  contained 
quantities,  and  if  we  have  more  than  n 
equations,  the  superfluous  ones  must  be 
deducible  from  the  first  n.  Hence  it 
follows  that  the  equations  which  subsist 
between  the  co-ordinates  of  each  pair  of 
points  of  a  solid  body  must  have  a 
special  character,  seeing  that,  when  in 
space  of  three  dimensions  they  are  satis- 
fied for  nine  pairs  of  points  as  formed  out 
of  any  five  points,  the  equation  for  the 
tenth  pair  follows  by  logical  consequence. 
Thus  our  assumption  for  the  definition 
of  solidity  becomes  quite  sufficient  to 
determine  the  kind  of  equations  holding 
between  the  co-ordinates  of  two  points 
rigidly  connected. 

Thirdly,  the  calculation  must  further 
be  based  on  the  fact  of  a  peculiar  cir- 
cumstance in  the  movement  of  solid 
bodies,  a  fact  so  familiar  to  us  that  but 
for  this  inquiry  it  might  never  have  been 
thought  of  as  something  that  need  not 
be.  When  in  our  space  of  three  dimen- 
sions two  points  of  a  solid  body  are 
kept  fixed,  its  movements  are  limited  to 
rotations  round  the  straight  line  con- 
necting them.  If  we  turn  it  completely 
round  once,  it  again  occupies  exactly  the 
position  it  had  at  first.  This  fact  that 
rotation  in  one  direction  always  brings  a 
solid  body  back  into  its  original  position 
needs  special  mention.  A  system  of 
geometry  is  possible  without  it.  This  is 
most  easily  seen  in  the  geometry  of  a 
plane.  Suppose  that  with  every  rotation 
of  a  plane  figure  its  linear  dimensions 
increased  in  proportion  to  the  angle  of 
rotation,  the  figure  after  one  whole  rota- 
tion through  360  degrees  would  no 
longer  coincide  with  itself  as  it  was 
originally.  But  any  second  figure  that 
was  congruent  with  the  first  in  its  origi- 
nal position  might  be  made  to  coincide 
with  it  in  its  second  position  by  being 


also  turned  through  360  degrees.  A  con- 
sistent system  of  geometry  would  be 
possible  upon  this  supposition,  which 
does  not  come  under  Riemann's  formula. 

On  the  other  hand  I  have  shown  that 
the  three  assumptions  taken  together 
form  a  sufficient  basis  for  the  starting- 
point  of  Riemann's  investigation,  and 
thence  for  all  his  further  results  relating 
to  the  distinction  of  different  spaces 
according  to  their  measure  of  curvature. 

It  still  remained  to  be  seen  whether 
the  laws  of  motion  as  dependent  on 
moving  forces  could  also  be  consistently 
transferred  to  spherical  or  pseudospheri- 
cal  space.  This  investigation  has  been 
carried  out  by  Professor  Lipschitz  of 
Bonn.  It  is  found  that  the  comprehen- 
sive expression  for  all  the  laws  of  dyna- 
mics, Hamilton's  principle,  may  be 
directly  transferred  to  spaces  of  which 
the  measure  of  curvature  is  other  than 
zero.  Accordingly,  in  this  respect  also 
the  disparate  systems  of  geometry  lead 
to  no  contradiction. 

We  have  now  to  seek  an  explanation 
of  the  special  characteristics  of  our  own 
flat  space,  since  it  appears  that  they  are 
not  implied  in  the  general  notion  of  an 
extended  quantity  of  three  dimensions 
and  of  the  free  mobility  of  bounded 
figures  therein.  Necessities  of  thought, 
involved  in  such  a  conception,  they  are 
not.  Let  us  then  examine  the  opposite 
assumption  as  to  their  origin  being 
empirical,  and  see  if  they  can  be  inferred 
from  facts  of  experience  and  so  estab- 
lished, or  if,  when  tested  by  experience, 
they  are  perhaps  to  be  rejected.  If  they 
are  of  empirical  origin  we  must  be  able 
to  represent  to  ourselves  connected  series 
of  facts  indicating  a  different  value  for 
the  measure  of  curvature  from  that  of 
Euclid's  flat  space.  But  if  we  can  im- 
agine such  spaces  of  other  sorts,  it  can- 
not be  maintained  that  the  axioms  of 
geometry  are  necessary  consequences  of 
an  a  priori  transcendental  form  of  intui- 
tion, as  Kant  thought. 

The  distinction  between  spherical, 
pseudospherical  and  Euclid's  geometry 
depends,  as  was  above  observed,  on  the 
value  of  a  certain  constant  called  by 
Riemann  the .  measure  of  curvature  of 
the  space  in  question.  The  value  must 
be  zero  for  Euclid's  axioms  to  hold 
good.  If  it  were  not  zero,  the  sum  of 
the   angles   of   a   large   triangle   would 
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differ  from  that  of  the  angles  of  a  small 
one,  being  larger  in  spherical,  smaller  in 
pseudospherical  space.  Again,  the  geo- 
metrical similarity  of  large  and  small 
solids  and  figures  is  possible  only  in 
Euclid's  space.  All  systems  of  practical 
mensuration  that  have  been  used  for  the 
angles  of  large  rectilinear  triangles,  and 
especially  all  systems  of  astronomical 
measurement  which  make  the  parallax  of 
the  immeasurably  distant  fixed  stars 
equal  to  zero  (in  pseudospherical  space 
the  parallax  even  of  infinitely  distant 
points  would  be  positive),  confirm  em- 
pirically the  axiom  of  parallels  and  show 
the  measure  of  curvature  of  our  space 
thus  far  to  be  indistinguishable  from 
zero.  It  remains,  however,  a  question, 
as  Riemann  observed,  whether  the  result 
might  not  be  different  if  we  could  use 
other  than  our  limited  base-lines,  the 
greatest  of  which  is  the  major  axis  of  the 
earth's  orbit. 

Meanwhile,  we  must  not  forget  that 
all  geometrical  measurements  rest  ulti- 
mately upon  the  principle  of  congruence. 
We  measure  the  distance  between  points 
by  applying  to  them  the  compass,  rule 
or  chain.  We  measure  angles  by  bring- 
ing the  divided  circle  or  theodolite  to  the 
vertex  of  the  angle.  We  also  determine 
straight  lines  by  the  path  of  rays  of  light 
which  in  our  experience  is  rectilinear; 
but  that  light  travels  in  shortest  lines  as 
long  as  it  continues  in  a  medium  of  con- 
stant refraction  would  be  equally  true  in 
space  of  a  different  measure  of  curva- 
ture. Thus  all  our  geometrical  meas- 
urements depend  on  our  instruments  be- 
ing really,  as  we  consider  them,  invaria- 
ble in  form,  or  at  least  on  their  undergo- 
ing no  other  than  the  small  changes  we 
know  of  as  arising  from  variation  of 
temperature  or  from  gravity  acting  dif- 
ferently at  different  places. 

In  measuring  we  only  employ  the  best 
and  surest  means  we  know  of  to  deter- 
mine what  we  otherwise  are  in  the  habit 
of  making  out  by  sight  and  touch  or  by 
pacing.  Here  our  own  body  with  its 
organs  is  the  instrument  we  carry  about 
in  space.  Now  it  is  the  hand,  now  the 
leg  that  serves  for  a  compass,  or  the  eye 
turning  in  all  directions  is  our  theodolite 
for  measuring  arcs  and  angles  in  the 
t  visual  field. 

Every  comparative  estimate  of  magni- 
tudes  or   measurement   of  their  spatial 


relations  proceed  therefore  upon  a  sup- 
position as  to  the  behaviour  of  certain 
physical  things,  either  the  human  body 
or  other  instruments  employed.  The 
supposition  may  be  in  the  highest  de- 
gree probable  and  in  closest  harmony 
with  all  other  physical  relations  known  to 
us,  but  yet  it  passes  beyond  the  scope  of 
pure  space-intuition. 

It  is  in  fact  possible  to  imagine  con- 
ditions for  bodies  apparently  solid  such 
that  the  measurements  in  Euclid's  space 
become  what  they  would  be  in  spherical 
or  pseudospherical  space.  Let  me  first 
remind  the  reader  that  if  all  the  linear 
dimensions  of  other  bodies  and  our  own 
at  the  same  time  were  diminished  or  in- 
creased in  like  proportion,  as  for  in- 
stance to  half  or  double  their  size,  we 
should  with  our  means  of  space-percep- 
tion be  utterly  unaware  of  the  change. 
This  would  also  be  the  case  if  the  dis- 
tension or  contraction  were  different  in 
different  directions,  provided  that  our 
own  body  changed  in  the  same  manner 
and  further  that  a  body  in  rotating  as- 
sumed at  every  moment,  without  suffer- 
ing or  exerting  mechanical  resistance, 
the  amount  of  dilatation  in  its  different 
dimensions  corresponding  to  its  position 
at  the  time.  Think  of  the  image  of  the 
world  in  a  convex  mirror.  The  common 
silvered  globes  set  up  in  gardens  give 
the  essential  features,  only  distorted  by 
some  optical  irregularities.  A  well-made 
convex  mirror  of  moderate  aperture  rep- 
resents the  objects  in  front  of  it  as  ap- 
parently solid  and  in  fixed  positions 
behind  its  surface.  But  the  images  of 
the  distant  horizon  and  of  the  sun  in  the 
sky  lie  behind  the  mirror  at  a  limited 
distance,  equal  to  its  focal  length. 
Between  these  and  the  surface  of  the 
mirror  are  found  the  images  of  all  the 
other  objects  before  it,  but  the  images 
are  diminished  and  flattened  in  propor- 
tion to  the  distance  of  their  objects  from 
the  mirror.  The  flattening,  or  decrease 
in  the  third  dimension,  is  relatively 
greater  than  the  decrease  of  the  sur- 
face-dimensions. Yet  every  straight 
line  or  every  plane  in  the  out&r  world  is 
represented  by  a  straight  line  or  plane  in 
the  image.  The  image  of  a  man  measur- 
ing with  a  rule  a  straight  line  from  the 
mirror  would  contract  more  and  more 
the  farther  he  went,  but  with  his  shrunk- 
en rule  the  man  in  the  image  would  count 
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out  exactly  the  same  number  of  centi- 
meters as  the  real  man.  And,  in  general, 
all  geometrical  measurements  of  lines  or 
angles  made  with  regularly  varying 
images  of  real  instruments  would  yield 
exactly  the  same  results  as  in  the  outer 
world,  all  congruent  bodies  would  coin- 
cide on  being  applied  to  one  another  in 
the  mirror  as  in  the  outer  world,  all' 
lines  of  sight  in  the  outer  world  would 
be  represented  by  straight  lines  of  sight 
in  the  mirror.  In  short  I  do  not  see  how 
men  in  the  mirror  are  to  discover  that 
their  bodies  are  not  rigid  solids  and  their 
experiences  good  examples  of  the  cor- 
rectness of  Euclid's  axioms.  But  if  they 
could  look  out  upon  our  world  as  we  can 
look  into  theirs,  without  overstepping 
the  boundary,  they  must  declare  it  to  be 
a  picture  in  a  spherical  mirror,  and  would 
speak  of  us  just  as  we  speak  of  them; 
and  if  two  inhabitants  of  the  different 
worlds  could  communicate  with  one 
another,  neither,  so  far  as  I  can  see, 
would  be  able  to  convince  the  other  that 
he  had  the  true,  the  other  the  distorted 
relations.  Indeed  I  cannot  see  that  such 
a  question  would  have  any  meaning  at 
all  so  long  as  mechanical  considerations 
are  not  mixed  Up  with  it. 

Now  Beltrami's  representation  of 
pseudospherical  space  in  a  sphere  of 
Euclid's  space  is  quite  similar  except 
that  the  background  is  not  a  plane  as  in 
the  convex  mirror,  but  the  surface  of  a 
sphere,  and  that  the  proportion  in  which 
the  images  as  they  approach  the  spherical 
surface  contract,  has  a  different  mathe- 
matical expressson.  If  we  imagine  then, 
conversely,  that  in  the  sphere,  for  the 
interior  of  which  Euclid's  axioms  hold 
good,  moving  bodies  contract  as  they 
depart  from  the  center  like  the  images 
in  a  convex  mirror,  and  in  such  a  way 
that  their  representatives  in  pseudo- 
spherical  space  retain  their  dimensions 
unchanged, — observers  whose  bodies 
were  regularly  subjected  to  the  same 
change  would  obtain  the  same  results 
from  the  geometrical  measurements  they 
could  make  as  if  they  lived  in  pseudo- 
spherical  «pace. 

We  can  even  go  a  step  further,  and 
infer  how  the  objects  in  a  pseudospheri- 
cal world,  were  it  possible  to  enter  one, 
would  appear  to  an  observer  whose  eye- 
measure  and  experiences  of  space  had 
been  gained  like  ours  in  Euclid's  space. 


Such  an  observer  would  continue  to  look 
upon  the  rays  of  light  or  the  lines  of 
vision  as  straight  lines,  such  as  are  met 
with  in  flat  space  and  as  they  really  are 
in  the  spherical  representation  of  pseudo- 
spherical  space.  The  visual  image  of 
the  objects  in  pseudospherical  space 
would  thus  make  the  same  impression 
upon  him  as  if  he  were  at  the  center  of 
Beltrami's  sphere.  He  would  think  he 
saw  the  most  remote  objects  round  about 
him  at  a  finite  distance,*  let  us  suppose 
a  hundred  feet  off.  But  as  he  approached 
these  distant  objects,  they  would  dilate 
before  him,  though  more  in  the  third  di- 
mension than  superficially,  while  behind 
him  they  would  contract.  He  would 
know  that  his  eye  judged  wrongly.  If 
he  saw  two  straight  lines  which  in  his 
estimate  ran  parallel  for  the  hundred 
feet  to  his  world's  end,  he  would  find  on 
following  them  that  the  farther  he  ad- 
vanced the  more  they  diverged,  because 
of  the  dilatation  of  all  the  objects  to 
which  he  approached.  On  the  other 
hand — behind  him  their  distance  would 
seem  to  diminish,  so  that  as  he  advanced 
they  would  appear  always  to  diverge 
more  and  more.  But  two  straight  lines 
which,  from  his  first  position,  seemed  to 
converge  to  one  and  the  same  point  of 
the  background  a  hundred  iteet  distant, 
would  continue  to  do  this  however  far  he 
went,  and  he  would  never  reach  their 
point  of  intersection. 

Now  we  can  obtain  exactly  similar 
images  of  our  real  world  if  we  look 
through  a  large  convex  lens  of  corre- 
sponding negative  focal  length,  or  even 
through  a  pair  of  convex  spectacles  if 
ground  somewhat  prismatically  to  re- 
semble pieces  of  one  continuous  larger 
lens.  With  these,  like  the  convex 
mirror,  we  see  remote  objects  as  if  near 
to  us,  the  most  remote  appearing  no 
farther  distant  than  the  focus  of  the  lens. 
In  going  about  with  this  lens  before  the 
eyes,  we  find  that  the  objects  we  approach 
dilate  exactly  in  the  manner  I  have  de- 
scribed for  pseudospherical  space.  Now 
any  one  using  a  lens,  were  it  even  so 
strong  as  to  have  a  focal  length  of  only 
sixty  inches,  to  say  nothing  of  a  hundred 
feet,  would  perhaps  observe  for  the  first 
moment   that   he    saw    objects   brought 


*  The  reciprocal  of  the  square  of  this  distance,  expressed 
in  negative  quantity,  would  he  the  measure  of  curvature 
of  the  pseudospherical  space. 
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nearer.  But  after  going  about  a  little 
the  illusion  would  vanish,  and  in  spite 
of  the  false  images  he  would  judge  of 
the  distances  rightly.  We  have  every 
reason  to  suppose  that  what  happens  in 
a  few  hours  to  any  one  beginning  to 
wear  spectacles  would  soon  enough  be 
experienced  in  pseudospherical  space. 
In  short,  pseudospherical  space  would 
not  seem  to  us  very  strange,  compara- 
tively speaking;  we  should  only  at  first 
be  subject  to  illusions  in  measuring  by 
eye  the  size  and  distance  of  the  more  re- 
mote objects. 

There  would  be  illusions  of  an  opposite 
description,  if,  with  eyes  practiced  to 
measure  in  Euclid's  space,  we  entered  a 
spherical  space  of  three  dimensions.  We 
should  suppose  the  more  distant  objects 
to  be  more  remote  and  larger  than  they 
are,  and  should  find  on  approaching  them 
that  we  reach  them  more  quickly  than 
we  expected  from  their  appearance. 
But  we  should  also  see  before  us  objects 
that  we  can  fixate  only  with  diverging 
lines  of  sight,  namely,  all  those  at  a 
greater  distance  from  us  than  the  quad- 
rant of  a  great  circle.  Such  an  aspect 
of  things  would  hardly  strike  us  as  very 
extraordinary,  for  we  can  have  it  even 
as  things  are  if  we  place  before  the  eye 
a  slightly  prismatic  glass  with  the  thicker 
side  towards  the  nose  :  the  eyes  must 
then  become  divergent  to  take  in  distant 
objects.  This  excites  a  certain  feeling 
of  unwonted  strain  in  the  eyes  but  does 
not  perceptibly  change  the  appearance 
of  the  objects  thus  seen.  The  strangest 
sight,  however,  in  the  spherical  world 
would  be  the  back  of  our  own  head,  in 
which  all  visual  lines  not  stopped  by 
other  objects  would  meet  again,  and 
which  must  fill  the  extreme  background 
of  the  whole  perspective  picture. 

At  the  same  time  it  must  be  noted 
that  as  a  small  elastic  flat  disc,  say  of 
india-rubber,  can  only  be  fitted  to  a 
slightly  curved  spherical  surface  with 
relative  contraction  of  its  border  and 
distension  of  its  center,  so  our  bodies, 
developed  in  Euclid's  flat  space,  could 
not  pass  into  curved  space  without  un- 
dergoing similar  distensions  and  con- 
tractions of  their  parts,  their  coherence 
being  of  course  maintained  only  in  as  far 
as  their  elasticity  permitted  their  bend- 
ing without  breaking.  The  kind  of  dis- 
tension must  be  the  same  as  in  passing 


from  a  small  body  imagined  at  the  cen- 
ter of  Beltrami's  sphere  to  its  pseudo- 
spherical or  spherical  representation. 
For  such  passage  to  appear  possible,  it 
will  always  have  to  be  assumed  that  the 
body  is  sufficiently  elastic  and  small  in 
comparison  with  the  real  or  imaginary 
radius  of  curvature  of  the  curved  space 
into  which  it  is  to  pass. 

These  remarks  will  suffice  to  show  the 
way  in  which  we  can  infer  from  the 
known  laws  of  our  sensible  perceptions 
the  series  of  sensible  impressions  which 
a  spherical  or  pseudospherical  world 
would  give  us,  if  it  existed.  In  doing  so 
we  nowhere  meet  with  inconsistency  or 
impossibility  any  more  than  in  the  cal- 
culation of  its  metrical  proportions. 
We  can  represent  to  ourselves  the  look 
of  a  pseudospherical  world  in  all  direc- 
tions just  as  we  can  develop  the  con- 
ception of  it.  Therefore  it  cannot  be 
allowed  that  the  axioms  of  our  geometry 
depend  on  the  native  form  of  our  per- 
ceptive faculty,  or  are  in  any  way  con- 
nected with  it. 

It  is  different  with  the  three  dimen- 
sions of  space.  As  all  our  means  of 
sense-perception  extend  only  to  space  of 
three  dimensions,  and  a  fourth  is  not 
merely  a  modification  of  what  we  have 
but  something  perfectly  new,  we  find 
ourselves  by  reason  of  our  bodily  organi- 
sation quite  unable  to  represent  a  fourth 
dimension. 

In  conclusion  I  would  again  urge  that 
the  axioms  of  geometry  are  not  proposi- 
tions pertaining  only  to  the  pure  doc- 
trine of  space.  As  I  said  before,  they 
are  concerned  with  quantity.  We  can 
speak  of  quantities  only  when  we  know 
of  some  way  by  which  we  can  compare, 
divide  and  measure  them.  All  space 
measurements,  and  therefore  in  general 
all  ideas  of  quantities,  applied  to  space 
assume  the  possibility  of  figures  moving 
without  change  of  form  or  size.  It  is 
true  we  are  accustomed  in  geometry  to 
call  such  figures  purely  geometrical 
solids,  surfaces,  angles  and  lines,  be- 
cause we  abstract  from  all  the  other  dis- 
tinctions physical  and  chemical  of 
natural  bodies ;  but  yet  one  physical 
quality,  rigidity,  is  retained.  Now  we 
have  no  other  mark  of  rigidity  of  bodies 
or  figures  but  congruence,  whenever 
they  are  applied  to  one  another  at  any 
time  or  place,  and  after  any  revolution. 
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We  cannot  however  decide  by  pure  geo- 
metry and  without  mechanical  considera- 
tions whether  the  coinciding  bodies  may 
not  both  have  varied   in  the  same  sense. 

If  it  were  useful  for  any  purpose,  we 
might  with  perfect  consistency  look  upon 
the  space  in  which  we  live  as  the  appar- 
ent space  behind  a  convex  mirror  with 
its  shortened  and  contracted  background; 
or  we  might  consider  a  bounded  sphere 
of  our  space,  beyond  the  limits  of  which 
we  perceive  nothing  further,  as  infinite 
pseudospherical  space.  Only  then  we 
should  have  to  ascribe  to  the  bodies 
which  appear  as  solid  and  to  our  own 
body  at  the  same  time  corresponding 
distensions  and  contractions,  and  we 
must  change  our  system  of  mechanical 
principles  entirely;  for  even  the  proposi- 
tion that  every  point  in  motion,  if  acted 
upon  by  no  force,  continues  to  move 
with  unchanged  velocity  in  a  straight 
line,  is  not  adapted  to  the  image  of  the 
world  in  the  convex-mirror.  The  path 
would  indeed  be  straight,  but  the  veloci- 
ty would  depend  upon  the  place. 

Thus  the  axioms  of  geometry  are  not 
concerned  with  space-relations  only,  but 
also  at  the  same  time  with  the  mechani- 
cal deportment  of  solidest  bodies  in 
motion.  The  notion  of  rigid  geometrical 
figure  might  indeed  be  conceived  as 
transcendental  in  Kant's  sense,  namely, 
as  formed  independently  of  actual  ex- 
perience, which  need  not  exactly  corre- 
pond  therewith,  any  more  than  natural 
bodies  do  ever  in  fact  correspond  exactly 
to  the  abstract  notion  we  have  obtained 
of  them  by  induction.  Taking  the 
notion  of  rigidity  thus  as  a  mere  ideal, 
a  strict  Kantian  might  certainly  look 
upon  the  geometrical  axioms  as  proposi- 
tions given  a  priori  by  transcendental 
intuition  which  no  experience  could 
either  confirm  or  refute,  because  it  must 
first  be  decided  by  them  whether  any 
natural  bodies  can  be  considered  as  rigid. 
But  then  we  should  have  to  maintain 
that  the  axioms  of  geometry  are  not 
synthetic  propositions,  as  Kant  held 
them  :  they  would  merely  define  what 
qualities  and  deportment  a  body  must 
have  to  be  recognized  as  rigid. 

But  if  to  the  geometrical  axioms  we 
add  propositions  relating  to  the  mechani- 
cal properties  of  natural  bodies,  were  it 
•only  the  axiom  of  inertia  or  the  single 
proposition    that    the    mechanical    and 


physical  properties  of  bodies  and  their 
mutual  reactions  are,  other  circumstances 
remaining  the  same,  independent  of 
place,  such  a  system  of  propositions  has 
a  real  import  which  can  be  confirmed  or 
refuted  by  experience,  but  just  for  the 
same  reason  can  also  be  got  by  experi- 
ence. The  mechanical  axiom  just  cited 
is  in  fact  of  the  utmost  importance  for 
the  whole  system  of  our  mechanical  and 
physical  conceptions.  That  rigid  solids, 
as  we  call  them,  which  are  really  nothing 
else  than  elastic  solids  of  great  resistance, 
retain  the  same  form  in  every  part  of 
space  if  no  external  force  affects  them, 
is  a  single  case  falling  under  the  general 
principle. 

For  the  rest,  I  do  not,  of  course,  sup- 
pose that  mankind  first  arrived  at  space- 
intuitions  in  agreement  with  the  axioms 
of  Euclid  by  any  carefully  executed 
systems  of  exact  measurement.  It  was 
rather  a  succession  of  every-day  experi- 
ences, especially  the  perception  of  the 
geometrical  similarity  of  great  and  small 
bodies,  only  possible  in  flat  space,  that 
led  to  the  rejection,  as  impossible,  of 
every  geometrical  representation  at  vari- 
ance with  this  fact.  For  this  no  know- 
ledge of  the  necessary  logical  connection 
between  the  observed  fact  of  geometrical 
similarity  and  the  axioms  was  needed, 
but  only  an  intuitive  apprehension  of  the 
typical  relations  between  lines,  planes, 
angles,  &c,  obtained  by  numerous  and 
attentive  observations — an  intuition  of 
the  kind  the  artist  possesses  of  the 
objects  he  is  to  represent,  and  by  means 
of  which  he  decides  surely  and  accurately 
whether  a  new  combination  which  he 
tries  will  correspond  or  not  to  their 
nature.  It  is  true  that  we  have  no  word 
but  intuition  to  mark  this;  but  it  is 
knowledge  empirically  gained  by  the 
aggregation  and  reinforcement  of  similar 
recurrent  impressions  in  memory,  and 
not  a  transcendental  form  given  before 
experience.  That  other  such  empirical 
intuitions  of  fixed  typical  relations,  when 
not  clearly  comprehended,  have  frequent- 
ly enough  been  taken  by  metaphysicians 
for  a  priori  principles,  is  a  point  on 
which  I  need  not  insist. 

To  sum  up,  the  final  outcome  of  the 
whole  inquiry  may  be  thus  expressed: 

(1.)  The  axioms  of  geometry,  taken 
by  themselves  out  of  all  connection  with 
mechanical  propositions,  represented  no 
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relations  of  real  things.  When  thus  iso- 
lated, if  we  regard  them  with  Kant  as 
forms  of  intuition  transcendentally  given, 
they  constitute  a  form  into  which  any 
empirical  content  whatever  will  fit,  and 
which  therefore  does  not  in  any  way 
limit  or  determine  beforehand  the  nature 
of  the  content.  This  is  true,  however, 
not  only  of  Euclid's  axioms,  but  also  of 
the  axioms  of  spherical  and  pseudospher- 
ical  geometry. 


(2.)  As  soon  as  certain  principles  of 
mechanics  are  conjoined  with  the  axioms 
of  geometry  we'obtain  a  system  of  prop- 
ositions which  has  real  import,  and 
which  can  be  verified  or  overturned  by 
empirical  observations,  as  from  experi- 
ence it  can  be  inferred.  If  such  a  sys- 
tem were  to  be  taken  as  a  transcendental 
form  of  intuition  and  thought,  there 
must  be  assumed  a  pre-established  har- 
mony between  form  and  reality. 


THE  DEFECTS  OF  THE  BLOCK  SYSTEM. 

From  "The  Engineer." 


While  the  inquiry  into  the  cause  of 
the  Radstock  accident  is  yet  pending,  it 
would  be  proper  to  comment  on  the  evi- 
dence which  has  already  been  given. 
We  shall  be  guilty  of  no  breach  of  pro- 
priety, however,  if  we  state  that  the 
catastrophe  supplies  another  example  of 
the  failure  of  the  block  system  to  ensure 
the  safety  of  railway  passengers.  The 
facts  with  which  we  have  to  do  are  quite 
independent  of  official  evidence.  Two 
trains  ran  into  each  other  on  a  single  line 
of  rail.  They  ought  not  to  have  run  into 
each  other,  and  they  would  not  have  run 
into  each  other  if  the  modification  of  the 
block  system  used  on  the  line  had 
worked  efficiently.  The  Radstock  acci- 
dent supplies  an  addition  to  a  long  list  of 
calamities  which  have  resulted  from  the 
failure  of  the  system  of  working  trains 
by  telegraph  signals.  The  Abbots  Rip- 
ton  collision  may  be  cited  as  another  ex- 
ample of  the  break  down  of  a  much 
vaunted  invention,  and  if  it  were  neces- 
sary we  could  cite  a  whole  host  of  colli- 
sions which  have  taken  place  on  lines  all 
over  the  kingdom  in  spite  of  the  most 
elaborate  telegraphic  precautions.  It  is 
evident,  indeed,  that  unless  the  block 
system  receives  substantial  improve- 
ments it  can  no  longer  be  looked  upon 
as  affording  more  than  a  very  moderate 
protection  for  life  and  limb.  It  is  quite 
indisputable  that  the  method  of  working 
trains  by  a  space  instead  of  by  a  time 
interval,  is  in  theory  quite  perfect.  No 
device  can  be  more  ingenious,  while  the 
appliances  which  the  use  of  the  invention 
involves  have  been  schemed  and  con- 
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structed  with  great  care  and  skill,  and 
have  been  adopted  almost  without  re- 
gard to  expense.  But  the  fact  remains 
that  disastrous  railway  collisions  take 
place  with  alarming  frequency,  and  that 
the  block  system  has  not  hitherto  se- 
cured immunity  from  accident.  We  fail 
to  see  that  any  material  reduction  has 
been  effected  of  late  years  in  the  num- 
ber of  those  killed  or  seriously  injured 
by  collisions  ;  and  it  will  be  found  that 
on  sections  of  road  where  the  block 
system  has  not  yet  been  introduced,  rail- 
way travelling  is  at  least  as  safe  as  it  is 
anywhere  else.  The  advocates  of  the 
block  system  argue,  in  reply  to  such  a 
statement  as  that  which  we  have  just 
made,  that  although  it  is  true  that  acci- 
dents do  occur,  yet  that  their  number  is 
materially  diminished  by  this  mode  of 
conducting  railway  traffic  ;  and  that,  in 
a  word,  without  the  block  system  there 
would  be  many  more  accidents  than 
occur  with  it.  This  is  obviously  begging* 
the  question.  It  is  impossible  either  to 
prove  or  to  disprove  such  a  proposition  ; 
but  it  is  none  the  less  true  that  the  block 
system  fails  to  prevent  collisions.  It  is 
urged  that  the  traffic  on  some  lines — the 
Metropolitan  for  instance — could  not  be 
worked  at  all  without  block  signals. 
This  we  admit ;  but  the  block  system 
has  entirely  failed  on  more  than  one  oc- 
casion to  prevent  very  serious  collisions 
on  the  Metropolitan  and  Metropolitan 
District  railways. 

Let  it  not  be  supposed  that  we  are  op- 
posed to  the  block  system  ;  on  the  conr 
trary,  we  believe  that  it  is  the  most  per- 
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feet  possible  method  of  working  railway 
trains,  in  theory  ;  but  we  cannot  shut 
our  eyes  to  the  fact  that  its  practice  is 
altogether  inconsistent  with  its  theory. 
The  system  is,  however,  not  only  capable 
of  being  improved,  but  improvement  is 
absolutely  necessary  before  it  can  ade- 
quately supply  the  demands  made  upon 
its  powers.  Our  purpose  is  to  point  out 
some  of  its  most  glaring  defects,  and  to 
suggest  a  remedy.  Under  the  old 
system  of  working,  the  passengers  in 
trains  had  to  rely  almost  altogether  on 
the  station-masters,  drivers  and  guards 
for  safety.  Now,  as  a  rule,  these  men 
represent  the  higher  order  of  railway  in- 
tellect, and  the  drivers  and  guards  at  all 
events,  were  prompted  to  vigilance  by 
the  knowledge  that  they  carried  their 
lives  in  their  hands.  The  introduction  of 
the  block  system  at  once  transferred  the 
responsibility  of  working  the  line  to 
signalmen.  With  all  respect  for  the 
class,  and  with  a  full  knowledge  that 
honorable  exceptions  exist,  we  must  add 
that  signalmen  represent  an  order  of 
railway  intellect  below  that  of  station- 
masters,  guards  and  drivers.  They 
know,  too,  that  a  mistake  will  not  en- 
danger their  own  lives,  and  thus  they 
lack  a  stimulus  which  the  other  classes 
possess.  Again  the  duties  of  a  driver 
are  comparatively  concentrated,  while 
those  of  a  signalman  are  extremely 
diffuse.  To  a  driver,  the  train  of  which 
he  is  in  charge  is  for  the  time  being  his 
universe.  On  it  his  whole  attention  is 
centered,  to  its  management  all  his  ex- 
ertions are  directed.  He  has  nothing  to 
think  of  but  his  engine  and  the  load  be- 
hind him,  the  road  he  traverses,  and  the 
signals  for  which  he  has  to  look  out. 
But  the  case  is  totally  different  with  a 
signalman.  To  him  a  train  is  but  a  unit 
— one  of  a  hundred  units  with  which  he 
has  to  deal  in  the  course  of  his  day's 
work.  His  duties  are  harrassing  to  the 
mind  and  wearisome  to  the  body.  In 
one  word,  all  the  conditions  are  favora- 
ble to  mistakes,  while  those  under  which 
a  driver  works  are  favorable  to  accuracy. 
But  the  block  system  has  greatly  simpli- 
fied the  work  of  the  driver,  the  guard, 
and  even  of  the  station-master.  Under 
it,  the  signalman  is  absolute  lord  of  the 
situation.  If  he  gives  "  line  clear  "  not 
only  does  the  driver  go  on  his  way, 
nothing  doubting,  but  he  is  bound  so  to 


go.  The  dictum  of  the  signalman  is  not 
to  be  questioned.  Thus,  then,  the  re- 
sponsibility for  the  management  of  rail- 
way traffic  has  been  practically  trans- 
ferred by  the  introduction  of  the  block 
system  from  a  higher  to  a  lower  order  of 
railway  intelligence  ;  and  we  find  a 
grave  responsibility  lifted  from  the 
shoulders  of  men  earning  £2  to  £3  a 
week  to  those  of  men  who  earn  a  pounds 
or  lads  who  receive  14s.  or  15s.  a  week. 
It  is  impossible  to  read  the  evidence 
given  at  most  of  the  inquests  which  have 
occurred  under  the  block  system,  without 
becoming  painfully  aware  that  the  right 
man  was  not  in  the  signal  boxes  when 
the  accident  happened.  In  many  cases 
poor  souls  do  their  best,  while  in  others 
idle  or  incompetent  men  do  their  worst. 
The  result,  as  far  as  concerns  the  railway 
passengers,  is  the  same. 

The  remedy  for  all  this  is  easily  found, 
but  we  fear  it  will  not  commend  itself  to 
railway  companies.  Obviously,  the  men 
employed  to  work  block  signals  should 
be  of  much  better  class  than  those  now 
in  the  signal  boxes.  They  should  be 
grave,  steady,  intelligent  men  ;  not 
harum-scarum  boys,  overworked  youths, 
or  men  of  dense  intellect,  easily  getting 
into  a  muddle,  and  liable  to  make  mis- 
takes. Strict  sobriety  should  be  insisted 
on  ;  not  that  branch  of  sobriety  which  is 
represented  by  a  man  who  will  not  drink 
on  duty  but  will  get  drunk  off  duty  as 
often  as  he  has  the  chance,  and  who 
comes  to  his  post  a  few  hours  after  a  de- 
bauch with  his  brain  yet  reeling.  But 
men  of  the  type  required  cannot  be  had 
for  small  wages.  If  it  is  worth  while  to 
pay  a  driver  7s  6d.  a  day,  the  same 
amount  expended  on  a  signalman  should 
be  equally  laid  out.  The  employment  of 
really  good  men  would  go  far  to  render 
the  block  system  what  it  professes  to  be. 
Before  we  quit  this  branch  of  our  sub- 
ject we  wish  it  to  be  understood  that  we 
have  no  desire  to  disparage  signalmen  as 
they  are,  but  we  do  assert  that  they  are 
not,  as  a  class,  quite  what  they  ought  to 
be;  and  the  better  men  of  the  class  will 
be  the  first  to  agree  with  us  in  this  mat- 
ter. It  must  be  borne  in  mind  that  one 
incompetent  man  may  render  the  com- 
petence of  a  large  number  of  his  fellows 
valueless.  Nothing  on  earth  is  more 
vexatious  to  a  really  first-rate  signalman 
than  to  be  telegraphically  united  with  a 
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dullard  at  the  next  station.  A  private 
code  of  swearing  has  been  adopted  on 
certain  sections  of  most  lines,  and  we 
can  assure  our  readers  that  it  is  often 
vigorously  employed.  Another  and  ob- 
vious defect  of  the  block  system  is  that 
sufficient  wire  accommodation  for  the 
transmission  of  messages  is  not  supplied. 
The  wires  are  overcrowded,  and  import- 
ant communications  are  delayed — as,  for 
example,  in  the  case  of  the  Abbots  Rip- 
ton  accident.  Some  of  the  overcrowding, 
however,  results  from  the  use  of  the 
wires  for  "  larking."  When  a  man  is 
left  alone  in  a  dull  box,  far  away  from 
his  fellows,  it  is  perhaps  natural  that  he 
should  use  the  telegraph  to  chat  with 
his  acquaintance  at  the  next  station,  and 
there  can  be  no  doubt  that  important 
messages  are  sometimes  retarded  in  this 
way. 


The  remedy  for  this,  and  one  or  two 
other  abuses,  lies  in  the  use  of  print- 
ing instruments,  so  constructed  that  the 
messages  delivered  and  received  will  be 
placed  on  record  beyond  the  control  of 
the  signalman.  If  this  were  done  it 
would  be  impossible  to  meet  with  an  in- 
stance of  A  swearing  that  he  had  sent  a 
message,  while  B  swore  that  A  did 
nothing  of  the  kind.  That  the  block 
system  is  capable  of  great  things  we  are 
willing  not  only  to  admit  but  to  main- 
tain; that  the  block  system,  as  it  is  now 
managed,  is  able  to  insure  the  safety  of 
railway  travelers,  no  one  in  the  face  of 
recent  events  can,  we  think,  suppose; 
and  a  very  serious  responsibility  devolves 
on  railway  companies  who  rest  content 
with  half  measures,  when  the  means  of 
obtaining  almost  absolute  immunity  from 
collision  are  within  their  grasp. 


ON  THE  CONSTRUCTION  AND  MAINTENANCE  OF  THE 
PUBLIC  HIGHWAYS. 


By   Mr.    E.   B.    ELLICE  -  CLARK,    C.  E. 

From  "The  Builder." 


The  construction  and  maintenance. of 
high-ways  must  form  at  all  times  a  most 
important  work  of  sanitary  authorities, 
not  only  because  of  the  increased  com- 
fort to  the  community  of  well-kept 
roads,  but  because  of  the  increased  cost 
of  locomotion  and  cleansing  and  discom- 
fort of  badly-maintained  roads.  Un- 
fortunately, the  construction  and  main- 
tenance of  highways  is  a  subject  that 
few  surveyors  of  the  present  day  give 
much  attention  to.  It  is  popularly  sup- 
posed that  the  mere  covering  of  a  road 
with  broken  stone  is  sufficient  to  form  a 
good  and  permanent  highway;  this  being 
the  view  taken  by  a  large  number  of 
those  who  have  the  control  over  roads, 
the  consequence  is  that  in  many  cases 
throughout  the  kingdom  the  roads  are 
in  a  bad  state  of  repair,  and  cost  a  larger 
amount  annually  than  is  necessary  for 
cleansing  and  watering.  Roads,  too, 
are  frequently  maintained  by  committees, 
who  have  but  a  slight  and  imperfect 
knowledge  of  what  their  duties  are; 
and  I  take  it  to  be  the  duty  of   every 


surveyor  of  highways  not  only  to  advise 
his  committee  of  the  quantities  of  mate- 
rials that  are  required  to  maintain  these 
highways  under  their  direction,  but 
further  to  inform  them  of  the  best  known 
means  of  maintaining  the  roads  in  a 
maximum  efficiency  at  a  minimum  cost. 
Thus  the  surveyor  secures  the  valuable 
aid  of  disinterested  persons  living  at  all 
parts  of  the  district,  in  supervising  the 
repairs,  and  indeed,  without  a  large  and 
expensive  staff,  with  anything  like  a 
long  mileage  town  roads  cannot  be  kept 
as  they  should  be  unless  the  surveyor  is 
thus  assisted.  I  therefore  propose  in 
this  report,  as  briefly  as  possible,  to 
point  out  the  cardinal  points  to  be  ob- 
served in  the  construction  and  mainten- 
ance of  roads  in  Urban  Districts  such  as 
Derby. 

The  direction  of  roads  is  usually  de- 
termined by  private  capitalists,  but  it 
should,  in  my  opinion,  form  the  subject 
of  legislative  enactment,  that  all  new 
roads  should  be  laid  out  in  certain  direc- 
tions,   especially   in    rapidly    increasing 
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towns;  for  were  a  preconcerted  plan  to 
be  carried  out  piecemeal  by  owners  of 
property,  not  only  would  a  large  amount 
of  money  be  saved,  but  public  conveni- 
ence would  be  served  in  a  much  greater 
degree  than  it  is  at  present,  where  every 
owner  of  property  makes  roads  to  suit 
the  fancy  of  his  surveyor  or  himself, 
acting  frequently  in  ignorance,  when  he 
would  only  be  too  glad  to  follow  out  a 
plan  which,  in  nine  cases  out  of  ten, 
would  cost  him  no  more  money,  become 
as  available  for  his  own  purposes,  and 
be  of  much  greater  convenience  to  the 
public  at  large.  I  am  therefore  strongly 
of  opinion  that  where  new  roads  are 
projected  the  sanitary  authority  should 
exercise  their  discretion  not  only  as  to 
the  constructive  portions  of  the  roads, 
but  also  as  to  their  direction;  for  we 
must  not  forget  that  all  these  new  roads 
ultimately  form  part  of  that  network  of 
highways  which  is  the  only  means  of 
communication  from  one  part  of  the  dis- 
trict to  another,  and  where  roads  are  ju- 
diciously laid  out  at  first,  the  stoppage 
of  one  street  like  South  Street,  by  the 
Great  Northern  Railway,  would  be  a 
matter  of  slight  instead  of  great  and  per- 
manent inconvenience. 

The  next  thing  to  be  considered  is  the 
gradients  of  roads.  All  roads  should  be 
as  nearly  level  as  possible.  To  illustrate 
this,  I  may  cite  the  instance  of  Bridge- 
gate.  Suppose  from  its  lowest  point  to 
the  summit  at  King  Street  we  had  a 
perfectly  level  roadway  instead  of  hav- 
ing a  gradient  of  1  in  32,  as  we  have, 
every  horse  drawing  a  load  would  be 
able  to  draw  one  quarter  more  than  it 
does  now;  and  as  we  have  1,268  carts 
passing  up  this  street  daily,  one  half 
carrying  1^  ton  each,  238  more  tons 
could  be  taken  to  and  from  the  town 
with  the  same  amount  of  horse-hire  each 
day.  Then,  again,  roads  with  steep 
gradients  cost  fully  one- third  more  to 
repair  than  flat  roads.  In  the  case  of 
Bridge  Gate  it  is  three  times  more  than 
London  Road;  consequently  it  is  difficult 
to  form  an  idea,  without  going  into 
detail,  of  the  increased  cost  to  the  com- 
munity of  steep  roads,  which  should  in 
all  cases,  where  practicable,  be  avoided, 
and  any  extra  expense  in  making  urban 
roads  level  at  the  first  outlay  will  fully 
repay  the  authorities  by  the  ultimate  di- 
minished cost  of  cleansing  and  repairing, 


to  say  nothing  of  the  saving  to  the  com- 
munity by  the  increased  weight  that  can 
be  drawn  with  the  same  amount  of  horse 
expenditure.  One  of  the  most  important 
matters  in  forming  roads  is  the  cross 
section,  i.e.,  the  shape  from  kerb  to 
kerb.  The  prevailing  profile  now  adopt- 
ed is  that  of  an  elliptical  projection, 
high  in  the  center,  and  sloping  gradually 
to  the  channels, — a  section  which  is,  in 
my  opinion,  the  reverse  of  what  it  should 
be  for  roads  sufficiently  wide  for  four 
vehicles  to  pass  abreast;  and  no  main 
roads  should  be  made  a  less  width  than 
this.  My  objections  to  the  existing  sec- 
tion for  such  roads  as  Friar  Gate  or  Lon- 
don Road  are,  that  if  the  road  is  made 
sufficiently  flat  for  carriages  to  run 
easily  over  all  parts  of  the  roadway,  the 
gradient  is  not  sufficient  to  carry  away 
the  water  which  lies  in  the  center,  and 
renders  the  crown  rotten.  In  suburban 
roads  the  traffic  is  nearly  always  in  the 
center,  consequently  they  are  worn  down 
most  unevenly;  this  is  manifestly  a 
wrong  result,  as  roads  should  be  of  such 
sections  as  no  preference  would  be  shown 
to  any  portion  of  their  surfaces. 

The  prevailing  section  of  roadways 
comes  about  by  engineers  following  the 
footsteps  of  Telford,  who  constructed  all 
his  roads  to  the  elliptical  section;  but 
the v conditions  existing  in  his  time  are 
most  dissimilar  to  the  conditions  and  ex- 
igencies of  our  day.  Telford's  roads 
were  highways  from  city  to  city,  having 
few  vehicles  running  on  them.  The 
great  objects  then  were  not  what  they 
are  now,  to  present  over  the  entire  area 
the  hardest  and  least  slippery  surface,  to 
give  the  firmest  foothold  to  horses,  and 
to  stand  'the  daily  wear  and  tear  of  thou- 
sands of  vehicles  heavily  laden,  but  to 
keep  the  roads  dry  and  sufficiently  hard 
in  their  centers  to  bear  the  traffic  of  a 
few  vehicles,  rarely  exceeding  a  hundred 
daily;  the  elliptical  section  suited  those 
times  and  requirements;  vehicles  rarely 
meeting,  consequently  the  inconvenience 
arising  from  the  steep  sides  of  roads  was 
not  felt,  nor  was  the  center  worn  away, 
as  the  traffic  was  trifling.  My  own 
opinion  is  that  all  main  roads  should  be 
made  sufficiently  wide  for  four  vehicles 
to  pass  abreast,  and  where  the  traffic  is 
considerable,  and  the  rainfall  is  such  as 
to  necessitate  pitched  channels  and 
storm-water  sewers,  the  channels  should 
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be  in  the  center  instead  of  at  the  sides, 
thus  obviating  the  tendency  of  vehicles 
to  slide  down  the  sides  towards  the  kerb; 
the  slopes  to  the  center  channels  from 
the  kerbs  need  only  be  very  slight, 
especially  where  the  hard  metal  is  used 
to  coat  the  surface,  in  which  cases  a 
maximum  of  one  in  forty  might  be 
adopted.  The  advantages  claimed  for 
the  section  of  road  with  channel  in  the 
center  are: 

1st.  In  the  case  of  a  Macadamized 
road  with  gullies  and  pitched  channels, 
half  the  cost  of  both  these  serious  items 
would  be  saved. 

2d.  The  gullies  need  not  be  trapped, 
but  be  left  open  as  sewer  ventilators. 

3d.  Carriages  would  use  all  parts  of 
the  road  surface  except  the  channel,  pro- 
ducing a  uniform  wear. 

4th.  The  "  slop"  which  is  now  swept 
to  the  sides  of  the  road,  thrown  up  to 
the  carts,  frequently  bespattering  pedes- 
trians, would  be  swept  to  the  channel  in 
the  center,  and  be  the  farthest  possible 
distance  attainable  away  from  the  foot- 
passengers  and  shops. 

5th.  In  the  case  of  a  crowded 
thoroughfare,  the  channel  would  divide 
the  up  and  down  traffic  without  the  aid 
of  police. 

The  objections  that  have  been  raised 
to  this  section  of  roadway  are: 

1st.  The  carriages  slide  down  towards 
each  other,  especially  in  frosty  weather. 

2d.  A  large  stream  of  water  washes 
away  the  metal  at  the  channel. 

My  answers  to  these  are,  that  the 
slope  of  the  road  to  the  center  will  only 
be  slight,  just  sufficient  to  carry  away 
the  water,  and  not  sufficient  to  cause  the 
tendency  of  vehicles  to  slide  to  the  cen- 
ter to  have  any  foundation  in  practice. 

The  second  objection  is  overcome  in 
the  case  of  sewered  streets  with  frequent 
gullies,  for  the  water  disappears  down 
these  before  it  has  assumed  sufficient 
volume  to  become  a  stream  having  velo- 
city enough  to  wash  away  the  metal. 

I  am  quite  aware  that  this  section  of 
road-way  is  contrary  to  all  the  practices 
and  prejudices  of  surveyors  in  this 
country;  but  I  believe,  if  tried,  we  shall 
obtain  better  roads  at  less  cost  both  in 
construction  and  maintenance,  better 
lighting,  and  a  more  effectual  mode  of 
ventilating   our   sewers,    all   objects   of 


paramount  importance  to  Sanitary  Au- 
thorities. 

The  next  important  matter  in  con- 
nection with  roads  is  the  nature  of  the 
materials  of  which  they  are  formed  and 
coated.  The  ordinary  mode  now  in 
practice  is  to  lay  in  a  bottom  of  hard 
core,  rammel,  foundry  cinder,  or  some 
such  kind  of  material,  to  a  depth  vary- 
ing from  nine  inches  to  one  foot,  without 
any  uniformity  as  to  size.  The  practice 
of  the  first  road-makers  in  the  world, 
viz.,  the  Romans,  and  also  the  great 
road-makers  at  the  commencement  of 
the  present  century,  was  to  lay  'courses 
of  large-sized  stones  by  hand  on  the 
road-bed  to  form  a  foundation,  which, 
as  a  matter  of  fact,  was  the  actual  road, 
the  next  coating  of  broken  stones  being 
merely  a  covering  to  take  the  traffic 
wear,  and  prevent  the  road  proper  be- 
neath from  being  worn  into  holes.  The 
advantages  of  this  method  of  forming  a 
road  are,  that  as  it  has  to  sustain  great 
pressure  from  heavy  loads  and  "  violent 
percussion,"  it  forms  a  solid  foundation 
which  is  necessary  to  resist  these.  In 
the  case  where  the  tyres  of  the  wheels 
are  narrow  and  the  loads  heavy,  the 
modern  system  of  roadmaking  is  most 
pernicious.  Under  the  old  system,  this 
kind  of  traffic  is  dealt  with  much  more 
economically,  as  the  weight  is  distributed 
over  a  much  larger  area,  thus  preventing 
clay  and  other  soft  material  from  "  spew- 
ing" up  when  the  road  has  become  out 
of  repair  and  soddened  with  wet.  We 
have  an  excellent  example  (?)  of  this  in 
the  Mansfield  Road,  near  Little  Chester 
Church,  where  the  surface  has  been 
raised  very  high  from  constant  metalling 
on  a  bad  bottom,  but  which  no  amount 
of  metal  short  of  re-making  will  form  a 
good  road,  and  where,  in  spite  of  fre- 
quent repair  and  scavenging,  the  road  is 
never  in  good  order. 

Another  great  advantage  of  forming 
a  rough  pavement  like  the  one  I  speak 
of  is  that  it  forms  a  drain  for  the  water, 
which  finds  its  way  through  the  top 
coating  of  broken  stone, — an  especial  ad- 
vantage on  a  clayey  soil  like  that  of 
Derby.  A  road  formed  in  this  manner 
will  cost  but  a  little  more  than  if  formed 
by  the  prevailing  mode,  as  stone  of  a 
much  more  inferior  quality  and  less 
costly  character  may  be  used;  it  will 
bear  a  much  greater  amount  of  weight; 
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the  bottom  will  not  be  influenced  by  the 
most  severe  frost  and  rapid  thaws,  and 
a  less  quantity  of  broken  stone  may  be 
used  than  if  the  bottom  is  of  small 
stone  or  hard  core  thrown  down  at  ran- 
dom. In  addition,  the  covering  of  broken 
granite  or  other  hard  stone  will  last 
much  longer  on  a  foundation  of  this 
sort,  and  the  expense  of  repairing  and 
scavenging  will  be  considerably  less. 
Sir  John  Macneil,  from  actual  experience, 
computes  the  saving  by  forming  a  road 
like  this  at  least  one-third  the  expense 
of  repairs  annually,  and  I  believe  this  to 
be  within  the  mark. 

I  should  like  to  say  a  few  words  on 
the  use  of  small  round  stones  (boulders) 
used  on  some  outlying  roads,  and  state 
my  objections  thereto.  These  small 
stones,  unbroken,  being  pressed  by  vehi- 
cles against  each  other,  find  no  "bed" 
when  they  come  into  contact.  By  such 
pressure  they  move,  and  thus  form  hills 
and  depressions  on  the  surface;  and  the 
joints  being  large,  gaping  in  fact  when 
compared  with  those  of  cubical  stones, 
a  large  portion  of  the  exposed  surface 
joints  becomes  filled  with  horse -dung 
and  mud,  which  must  give  an  offensive 
effluvium,  and  be  prejudicial  to  health. 
The  illustration  of  McAdam  to  a  Parlia- 
mentary Committee,  when  explaining 
the  advantages  of  using  cubical  instead 
of  spherical  stones,  is  conclusive  :  he  had 
two  basins,  one  filled  with  marbles  of 
broken  stone,  the  other  with  spherical 
stones,  and  requested  the  members  of 
the  committee  to  thrust  their  clenched 
hands  into  each  basin.  They  thus  had 
demonstrated  to  thqm  that  they  could 
plunge  their  hands  to  the  bottom  of  the 
latter  basin  with  ease,  and  the  marbles 
"spewed"  up,  while  the  greater  the 
pressure  in  the  other  basin,  the  tighter 
and  more  compact  were  the  contents; 
and  thus  it  is  on  a  larger  scale  with 
roads.  I  therefore  recommend  you  to 
discontinue  the  use  of  all  unbroken  stone, 
however  small. 

I  have  hitherto  been  speaking  of 
suburban  roads,  and  if  I  have  digressed 
somewhat  from  the  original  intent  of 
this  report,  it  has  been  an  attempt  to 
show  that  a  large  saving  in  cost,  and  a 
greater  efficiency  in  construction  and 
maintenance,  may  be  obtained  in  the 
future  on  those  roads  where  the  traffic 
is  not  so  great  as  to  require  paving  on 


the  surface.  Let  me  now  deal  with 
roads  where  the  nature  of  the  traffic  is 
such  as  precludes  the  use  of  a  broken 
stone  surface.  Premising  that  it  is  diffi- 
cult to  determine  where  Macadamising 
should  end  and  pitching  or  paving  com- 
mence,— where  it  is  cheaper  to  cover  a 
road  with  small  unfixed  broken  stone  or 
to  pave  the  entire  surface  with  fixed 
blocks,  it  would  appear,  at  first  glance, 
that  that  road  which  has  the  greatest 
number  of  vehicles  passing  over  its  sur- 
face should  determine  this,  but  I  am  of 
opinion  that  such  is  not  the  case.  The 
mere  enumeration  of  the  vehicles  passing 
a  given  point  on  a  road  will  not  enable 
us,  without  other  considerations,  to  draw 
a  hard  and  fast  line  where  it  is  more 
economical  to  pave  roads  in  preference 
to  Macadamising  them.  We  must  also 
take  into  account  (a)  the  class  of  traffic, 
subdividing  this  into  heavily  weighted, 
spring,  narrow-tyred  vehicles,  and  car- 
riage traffic;  (b)  the  gradient;  (c)  the 
nature  of  the  bottom;  (d)  the  width,  and 
the  height  of  the  buildings.  In  three  of 
these  considerations  (a,  b,  and  c)  the 
Wardwick  has  superior  conditions  to 
Bridge-Gate:  we  thus  see  why  the  for- 
mer is  a  more  economical  road  to  main- 
tain than  the  latter;  therefore,  every 
street  must  be  treated  on  its  own  merits. 

To  ascertain  whether  it  would  be  a 
saving  to  pave  certain  streets,  I  have 
endeavoured  to  obtain  the  cost  of  repair- 
ing and  cleansing  the  same.  I  have 
left  the  watering  out  of  the  estimate,  as 
I  cannot  even  approximately  obtain 
figures  sufficiently  reliable  to  enable  me 
to  produce  them  here. 

The  traction  on  level  roads  has  been 
ascertained  to  be   nearly  as  follows  : 

Roadway  asphalted 1.0 

Roadway  paved,  dry,  and  in  good 

condition 2.0  to  1.5 

Roadway  paved,  and  in  mediocre 

condition 2.5  to  2.0 

Roadway  paved,  but  covered  with 

mud  2.7  to  2.0 

Macadam  in  good  condition  and  dry  3.3  to  2.5 

Macadam  wet 3.3 

Macadam  in  mediocre  condition. . .  4.5 

Macadam  covered  with  dirt 5.5 

Macadam  with  the  stones  loose 8.5  to  5.0 

This  is  a  low  estimate.  Some  careful 
experiments  give,  taking  the  maximum 
load  a  horse  can  draw  on  a  gravel  road 
as  a  standard  : 
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On  a  best  broken  stone  road    3  times  as  much. 

On  a  well-made  pavement . .     4^  " 

On  the  best  stone  trackways  11 

On  railways 18  " 

Here  we  see  that  there  is  a  loss  of  more 
than  100  per  cent,  of  motive  power  be- 
tween Macadam  in  a  mediocre  condition 
and  a  roadway  paved  and  in  good  con- 
dition; and  assuming  that  951  tons  are 
daily  carried  along  a  certain  road  300 
days  in  the  year,  and  the  average  fric- 
tion is  1.20th  of  the  weight,  the  cost  of 
transporting  this  burden  is  £1,664  per 
annum.  If  we  reduce  the  traction  by 
one  half,  as  above,  we  reduce  the  eost  of 
transport  on  this  road  to  £832;  but,  as- 
suming this  to  be  a  theoretical  supposi- 
tion, and  we  take  it  at  half,  viz.,  £416, 
this  would  practically  be  the  actual  sum 
saved  in  horse-hire  alone,  by  having  the 
street  properly  paved. 

We  now  come  to  the  question  of  cost 
of  cleansing,  &c.  Taking  the  number  of 
square  yards  of  its  area  at  3,000,  in  round 
numbers,  we  have  ascertained  that  the 
cost  of  cleansing  the  street  is  £80,  10s. 
per  annum.  From  careful  observation 
it  has  been  ascertained — that  four  loads 
of  mud  or  slop  are  removed  from  Mac- 
adam per  1,000  yards  of  surface/to  one 
load  per  1,000  yards  of  granite-paved 
surface,  which  is  reduced  to  one-third  of 
a  load  on  a  surface  paved  with  wood.  I 
will,  however,  take  the  quantiy  at  one- 
half,  as  we  purpose  to  use  granite  as  the 
material  for  paving  this  street  hereafter; 
this  will  save  £45,  5s.  for  cleansing. 
This  calculation  does  not  include  the 
carting  of  the  slop  to  a  shoot,  which 
would  bring  the  total  up  to  £100,  a  year 
while  Macadamised,  and  the  saving  in 
cleansing  if  paved  to  £50,  a  year.  The 
saving  in  maintenance  will  be  this  :  the 
original  cost  per  yard,  including  con- 
crete, will  be  13s.,  the  cost  of  main- 
tenance I  have  estimated  at  4d.  per  yard 
per  annum,  the  life  of  the  road  I  have 
estimated  at  twenty-five  years.  This 
gives  us  a  total  cost  of  a  little  over  lOd. 
per  yard  per  annum,  or  £125,  for  the 
whole,  as  against  £216,  6s.  6d.,  the 
present  cost,  thus  effecting  a  saving  of 
£94,  per  annum;  add  this  to  the  £416, 
and  the  foregoing  £50,  and  we  effect  a 
saving  of  no  less  than  £560,  per  annum 
to  the  community  at  large,  to  say  noth- 
ing of  the  freedom  from  dust  and  the 


increased     comfort     to     every     person 
using  and  living  in  the  road. 

From  careful  observation  I  should  say, 
all  other  things  being  equal,  it  is  cheaper 
to  pave  a  roadway  having  a  traffic  of 
one  thousand  vehicles  per  diem  over  its 
surface  than  to  Macadamise  it,  and  this 
would  be  the  minimum  number  to  com- 
mence paving  with. 

We  must  now  inquire  and  specifically 
lay  down  what  are  the  requirements  for 
such  paved  streets.  The  engineer  of 
Birmingham  has  admirably  set  them 
forth  in  a  recent  report  to  the  Council  of 
that  borough.  He  says  :  "  They  should 
be  even-faced,  firm,  hard,  as  noisless  as 
possible,  able  to  bear  any  burden,  with 
sufficient  foothold  for  horses,  and  capa- 
ble of  being  easily  cleansed  so  as  to  di- 
minish as  much  as  possible  the  annoyance 
arising  from  mud  and  dust;  the  nearer 
these  objects  are  attained,  the  less  will 
be  the  wear  and  tear  of  the  roads  as  well 
as  of  the  vehicles;  property  and  health 
will  be  less  injured,  and  the  comfort  of 
pedestrians  increased." 

These,  then,  are  the  desiderata  of 
Highway  Authorities,  and,  as  will  be 
seen  at  a  glance,  most  difficult  of  attain- 
ment. To  obtain  noiselessness  and  the 
least  friction  the  surface  must  be  smooth; 
to  obtain  a  firm  foothold  for  horses  the 
surface  must  have  a  certain  amount 
of  roughness  (I  use  the  word  in  place  of 
a  better  one  which  I  cannot  find,  though 
it  hardly  expresses  my  meaning),  so  that 
two  of  the  desiderata  are  inverse  to  each 
other,  for  as  we  decrease  the  noise  and 
friction  we  increase  the  slipperiness.  To 
endeavour  to  make  these  meet  the  mate- 
rial should  be  as  hard  as  possible,  provid- 
ing it  gives  the  requisite  amount  of 
roughness  of  surface  by  attrition. 

You  are  aware  that  during  the  past 
few  years  various  materials  have  been 
introduced  to  supersede  stone  for  paving 
streets  having  large  traffic  and  heavy 
burdens ;  and  though  the  experience 
gained  by  the  engineers  of  London, 
Liverpool,  Birmingham,  and  Bristol,  and. 
other  large  towns,  is  of  much  value,  I 
think  we  may  fairly  say  that  the  period 
of  time  over  which  their  observation  has 
extended,  in  reference  to  asphalts  and 
wood,  is  insufficient  to  enable  them  to 
come  to  a  final  conclusion  as  to  the 
merits  of  these  respective  materials. 
That  this  is  so  may  be  gathered  from 
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the  very  opposite  opinions  given,  nearly 
all  based  upon  short-timed  observation 
or  theories.  As  to  the  durability,  cost, 
noiselessness,  and  slipperiness  of  mate- 
rials for  roads,  there  should  be  no  doubt 
whatever;  but  these  can  only  be  ascer- 
tained by  actual  observation,  extending 
over  a  period  of  years,  in  streets  with 
varying  traffic  as  to  number  and  nature 
of  vehicles  and  weight  of  loads;  and  it 
would  be  unwise,  most  unwise,  to  reject 
a  well-tried  material  for  others,  some  of 
which  have  been  pushed  into  the  mar- 
ket without  trial  of  any  sort  whatever. 
On  the  other  hand,  it  would  be  unwise 
to  expend  large  sums  of  money  in  laying 
stone  pavements  if  there  are  other  ob- 
tainable materials  more  suited  to  paving 
purposes.  I  shall  therefore  suggest  that 
trials  be  made  with  certain  materials. 
Previously,  however,  to  my  so  doing,  I 
will  proceed  to  examine  their  qualities. 
For  this  purpose  I  have  communicated 
with  the  engineers  of  most  of  the  large 
towns,  and  have  personally  visited  several. 
If  durability  and  cheapness  only  had  to 
be  considered,  so  far  as  my  observation 
goes,  there  can  be  no  question  as  to  the 
superiority  of  granite  over  all  other  ma- 
terials used  to  pave  streets  with,  more 
especially  if  laid  so  as  to  form  a  tram  or 
trackway  for  the  wheels  of  heavily-laden 
vehicles  to  run  along.  And  this  opinion 
is  shared  by  all  those  who  have  length- 
ened experience  of  the  requirements  of 
busy  streets;  but  these  are  only  two  of 
many  considerations  to  be  borne  in  mind. 
There  are  also  safety  to  horses,  noiseless- 
ness, easy  traction,  freedom  from  mud 
and  dust.  Hence  the  attempts  to  super- 
sede the  use  of  granite  as  a  paving  ma- 
terial. Probably  the  desirability  of  de- 
creasing the  noise,  caused  by  the  vibra- 
tion of  vehicles  in  business  thoroughfares, 
has  had  more  influence  than  anything 
else  in  these  attempts  to  supersede  the 
hard  granites;  and  we  must  bear  in  mind 
that  however  desirable  a  perfectly  noise- 
less pavement  may  be,  in  some  thorough- 
fares it  is  a  question  that  we  can  afford 
to  discard,  if  purchased  at  too  high  a 
cost,  viz.  those  streets,  where  neither  the 
occupations  of  the  inhabitants  nor  the 
pedestrian  traffic  is  such  as  to  force  this 
desideratum  forcibly  upon  us. 

So  far  as  I  can  ascertain,  wood  blocks, 
squared  like  granite  pitching,  appear  to 
meet  more  of  the  requirements  than  any 


other  of  the  newly-introduced  materials,, 
if  we  are  prepared  to  put  on  one  side 
the  question  of  cost  altogether;  though, 
on  inquiry,  I  find  a  host  of  objections 
urged  against  its  use,  some  of  which  are 
worthy  of  attention; — the  first  being  its 
permeability  to  wet,  the  separation  of  its 
fibres,  and  consequent  absorption  of 
"dung  and  putrescent  matter,"  which 
are  said  to  become  "highly  noxious." 
Again,  it  is  urged  that  the  blocks  are 
separated  by  concussion,  thus  opening 
the  joints  and  permitting  the  wet  to 
reach  the  foundation;  the  wood  thus  be- 
ing constantly  wet,  in  hot  and  dry 
weather  gives  off,  in  evaporation,  very 
foul  matters,  which  taint  the  atmosphere 
sufficiently  to  injure  health.  These  are 
allegations  difficult  of  refutation  ;  in- 
deed, by  actual  observation  in  some  of 
the  London  streets  I  am  convinced  the 
entire  area  of  wood  pavement  is  con- 
stantly saturated,  and  that  it  wears 
down  very  rapidly  when  compared  with 
granite,  under  the  narrow  tyres  of  con- 
tinuous omnibus  and  railway-van  traffic. 
How  far  the  objections  as  to  tainting 
the  atmosphere  are  valid  I  must  leave 
those  who  are  more  competent  to  judge 
to  decide,  and  confine  myself  to  its 
actual  cost,  durability,  and  general  suit- 
ability as  a  paving  material. 

In  Bristol,  one,  or  a  portion  of  one,  of 
the   main    streets   was   laid   down,    and 
eleven  months  after  the  borough  engi- 
neer reported   that:    "The   general   ap- 
pearance and  surfaces  of  these  pavements 
continue  up  to  present  time  in  much  the 
same  condition  as  when  laid,  but  I  have 
caused    portions   of    the    Wine    Street 
paving  to  be  removed  at  either  end  of 
the  street,  in  order  to  ascertain  its  state, 
and  can  find  no  perceptible  difference  in 
the  same  at  either  opening,  there  being 
no  appearance  of  decay.     The  wear  of 
the  surface  of  the  blocks  is  scarcely  per- 
ceptible; but  at  the  Union  Street  end  of 
Wine  Street  the  surface-water  has  perco- 
lated through  the  joints  of  the  wood  to 
jthe  foundation:  this    has   rendered   the 
i  pavement  at  this  end  of  the  street  less 
;  rigid,  and  the  constant  working  by  the 
I  passing  of  the  traffic  over  it  has  caused 
I  several  of  the  blocks  to  split  or  crack,  and 
!  it  is  probable  will  necessitate  the  relay- 
|  ing  of  this  end  of  the  street  before  long." 
Two   years'    experience    enabled    Mr. 
I  Ashmead  to  confirm  his  opinion  as   to 
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the  leakage  of  the  joints  destroying  the 
pavement,  for  he  says: — "Although 
nearly  twelve  months  have  now  elapsed 
since  my  last  report  on  this  subject,  the 
general  appearance  and  surfaces  of  the 
pavements  in  Wine  Street,  Broad  Street, 
and  the  Exchange,  still  continue  in  much 
the  same  condition;  nor  have  the  portions 
of  Wine  Street  (relaid  by  the  company) 
been  much  improved  thereby,  as  the  sur- 
face water  finds  its  way  through  the 
joints,  and  a  larger  proportion  of  the 
blocks  in  this  street  are  split  or  cracked: 
but  the  pavements  of  Broad  Street  and 
the  Exchange  appear  to  be  wearing  well, 
and  are  more  rigid  and  firm,  and  free 
from  the  defects  of  the  Wine  Street 
pavement.  This  last  paving  has  now 
been  laid  about  twenty-three  months, 
and  Broad  Street  and  the  Exchange 
about  seventeen  months." 

Writing  personally  to  me,  Mr.  Ashmead 
says  :  "  The  wood  will  require  repair  in 
four  or  five  years,  but  the  comfort  is  so 
great  that  some  people  prefer  paying 
for  the  luxury;  but  there  is  nothing  like 
granite  for  durability  and  economy." 
How  far  we  should  be  justified  in  laying 
down  certain  streets  with  a  costly  and 
luxurious  article  out  of  the  general  rates 
it  is  for  the  local  authorities  to  deter- 
mine. 

The  evidence  of  Mr.  Deacon,  C.E.,  the 
engineer  of  Liverpool,  is  to  the  effect 
that  the  pavement  laid  in  Bold  Street,  in 
September,  1874,  has  worn  but  little. 

The  borough  surveyor  of  Birmingham 
says  that  "wood  presents  an  even  sur- 
face, affords  good  foot-hold  for  horses,  is 
pleasant  for  riding  over,  free  from  noise 
and  mud, — dust,  however,  rising  rapidly; 
it  is  capable  of  being  easily  cleansed, 
but,  like  all  other  pavements,  it  is  some- 
what slippery  in  certain  states  of  the 
weather." 

I  have  made  observations  on  the  con- 
dition of  wood  pavement  in  London; 
they  are  several,  and  I  have  extracted 
from  a  recent  publication  descriptions  of 
them: 

Croskexfs  Wood  Pavement. — Several 
plans  of  wood  paving  have  been  of  late 
years  proposed.  One  by  Mr.  Croskey 
was  to  manufacture  cross-grained  planks 
of  wood  of  any  length,  which,  being 
placed  side  by  side,  are  forced  together 
by  pressure,  so  as  to  form  a  compact 
homogeneous    surface    of   wood,    which 


was  to  be  laid  upon  concrete.  This 
plan  does  not  seem  to  have  been  tried, 
at  least  in  this  country. 

Harrison's  Wood  Pavement. — This 
system  consists  of  a  concrete  foundation, 
upon  which  strips  of  wood,  two  inches 
by  half  an  inch  in  thickness,  are  laid. 
Wood  blocks  three-  inches  in  breadth, 
are  placed  upon  these  wooden  strips, 
and  heated  asphalt  poured  into  the 
joints,  which  penetrates  under  and  ad- 
heres firmly  to  the  blocks. 

Henson's  Wood  Pavement. — The  main 
principle  on  which  Mr.  Henson  proposes 
to  construct  his  paving,  is  placing  felt 
on  the  bed  and  between  the  joints,  thus 
giving,  as  he  asserts,  an  elasticity  to  the 
road,  and  allowing  by  the  felt  jointing 
for  the  expansion  and  contraction  of  the 
blocks.  In  one  roadway  they  are  levelled 
on  the  top  edges;  in  another  at  every 
fourth  or  fifth  block  ;  and  in  another  a 
V-groove  is  to  be  cut  down  the  center  of 
the  block,  the  object  of  this  last  being  to 
prevent  the  surface-water  from  soaking 
down  the  joints  to  the  foundation. 

The  Ligno-Mineral  Wood  Pavement, 
which  is  laid  in  Grace  Church,  Fore,  and 
Coleman  Streets,  possesses  certain  pe- 
culiarities, and  differs  from  others  in 
that  it  is  mostly  composed  of  hard  wood, 
such  as  elm,  oak,  beech,  or  ash,  which 
has  been  subjected  by  hydro-carburetted 
oils  to  a  treatment  termed  mineraliza- 
tion. The  blocks,  which  are  nine  inches 
long,  three  inches  wide,  and  six  inches 
deep,  are  sawn  at  an  angle  of  about 
sixty  degrees,  the  object  of  this  being  to 
expose  the  fibre  obliquely  to  the  wearing 
face,  and  to  distribute  the  weight  of  the 
traffic  from  the  one  block  to  those  adja- 
cent to  it  in  the  line  of  thrust.  On  the 
sides  of  the  blocks,  near  their  bases,  a 
groove  is  cut,  which  is  filled  with  an 
asphaltic  mastic  (pitch  and  tar),  during 
the  process  of  laying.  The  blocks  are 
laid  on  a  concrete  foundation,  the  angle 
of  each  course  being  in  an  opposite  direc- 
tion to  the  previous  one.  The  remainder 
of  the  joints  to  the  surface  are  filled  in 
with  a  grouting  of  lime  and  gravel. 

Carey's  Wood  Pavement  is  perhaps 
that  which  can  be  most  rapidly  laid  down 
and  repaired,  and  is  formed  as  follows, 
viz.  :  the  blocks  are  cut  four  inches  wide 
by  nine  inches  long,  and  to  the  depth  of 
five  inches  or  six  inches  according  to 
traffic;    these   blocks    are    shaped   with 
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alternate  convex  and  concave  ends,  and 
are  laid  on  a  bed  of  ballast  or  sand, 
averaging  two  inches;  the  joints  which 
have  been  left  about  f  inch  wide,  are 
^filled  with  a  grout  of  lime  and  sand.  The 
advantages  claimed  for  this  pavement 
are,  that  by  the  peculiar  shaping  of  the 
blocks  they  will  not  be  shifted  from  their 
positions;  and  further,  that  the  weight 
that  may  be  put  on  each  block  is  thus 
dispersed  over  an  extended  area. 

Messrs.  Mowlem  cfc  CoSs  method  of 
laying  wood  paving  is  to  form  a  founda- 
tion of  concrete,  varying  in  thickness 
according  to  the  nature  of  the  subsoil 
and  the  traffic;  then  to  pave  with  blocks 
of  yellow  deal,  three  inches  wide  and 
six  inches  or  seven  inches  deep;  the 
joints  which  vary  from  f  inch  to  ■§■  inch 
are  filled  in  with  sand  and  lias  lime,  and 
the  surface  is  afterwards  indurated  by 
strewing  it  with  shingle. 

The  Improved  Wood  Pavement  is 
formed  of  two  layers  of  one  inch  boards 
laid  transversely  and  longitudinally  on 
the  old  road  foundation,  which  is  made 
up  with  sand  or  dry  earth  to  the  proper 
curvature;  on  these  boards  wood  blocks 
are  placed,  the  longitudinal  joints  being 
kept  three-quarters  of  an  inch  apart  by 
a  fillet  (which  is  nailed  to  the  flooring) 
and  the  heading  joints  butting.  The 
joints  from  the  fillet  up  to  the  surface  of 
the  road  are  filled  in  with  fine  ballast, 
run  with  a  liquid  tar,  and  caulked  with 
a  machine  made  for  the  purpose  :  the 
road  is  then  strewn  lightly  with  small 
gravel  and  is  ready  for  use.  The  princi- 
pal advantage  claimed  for  this  system  is 
that  the  flooring  of  planks  forms  an 
elastic  foundation,  and  tends  to  distri- 
bute the  weight  equally  over  the  whole 
pavement,  while  the  additional  elasticity 
will  lessen  the  wear  of  the  blocks. 

The  Asphaltic  Wood  Pavement. — The 
mode  of  laying  this  system  of  wood  pav- 
ing is  as  follows,  viz  : — A  concrete 
foundation,  composed  of  blue  lias  lime 
and  ballast  in  proportions  of  one  part  of 
lime  to  five  or  six  parts  of  ballast,  is 
laid  to  a  thickness  of  six  inches  and  to 
the  correct  curve  of  the  road.  Over  this 
is  laid  a  layer  or  b^d  of  mastic  asphalt 
half  an  inch  in  thickness,  upon  which 
wood  blocks  are  placed  in  transverse 
courses  with  the  grain  of  the  wood  up- 
wards, a  space  of  half  an  inch  (or  more 
if    desired)    being    left    between    each 


course.  Into  the  spaces,  or  joints  as 
they  are  more  usually  called,  heated 
asphalt  is  poured  to  a  depth  of  from 
two  inches  to  2\  inches  up  the  block. 

These  are  the  pavements  of  wood,  tried 
in  London  and  elsewhere,  and  one  can- 
not but  be  struck  with  the  fact  that  only 
one  attempt  has  been  made  in  the  metrop- 
olis to  preserve  the  timber  chemically, 
by  such  processess  as  Kyan's,  Burnett's, 
Renwick's  or  Boucherie's.*  In  my  in- 
quiries I  have  only  found  another  instance 
where  any  such  attempt  has  been  made, 
and  that  is  at  Sunderland.  Here  I  find, 
from  a  report  of  the  borough  surveyor, 
dated  17th  December,  1875,  that  as  far 
back  as  October,  1867,  a  strip  six  feet 
wide  was  laid  with  creosoted  Baltic  red 
wood;  a  strip  of  three  feet  wide  creosot- 
ed beech;  and  a  strip  of  six  feet  wide 
with  uncreosoted  oak;  and  it  appears 
that  after  eight  years,  with  a  daily  traffic 
of  1,300  vehicles,  the  total  cost  of  repair 
was  £101,  which  was  equal  to  a  cost  of 
6^d.  per  superficial  yard.  For  the  last 
five  years,  in  those  portions  where  the 
creosoted  Baltic  and  beech,  and  uncreo- 
soted oak  were  laid,  no  repairs  have 
been  necessary.  The  average  vertical 
wear  of  the  entire  pavement  has  been  f 
of  an  inch,  the  Baltic  has  been  f  of  an 
inch,  the  beech  f  of  an  inch,  and  the  oak 
has  not  appreciably  worn  at  all.  The 
creosoted  timbers  are  said  to  be  harder 
than  when  first  laid;  the  beech  and  oak 
are  spoken  of  as  being  too  hard  and 
slippery.  The  surveyor  says  that  the 
use  of  creosoted  sets  dispenses  altogether 
with  the  cost  of  watering.  This  deduc- 
tion is  questionable,  though  the  results 
are  certainly  the  most  favorable  I  have 
obtained,  both  as  to  wear  and  cost  of 
wood  pavements. 

The  method  of  laying  a  wood  pave- 
ment by  having  longitudinal  and  trans- 
verse boards  beneath  for  a  foundation,  is, 
to  my  mind,  a  faulty  one.  In  the  first 
place,  by  personal  observation,  I  have 
seen  a  heavily  weighted  vehicle  produce 
a  depression  of  an  inch  as  it  passed  along 
the  pavement,  which  sprang  up  to  its 
original  form  as  the  burden  left  it. 
Again,  the  "elasticity"  which  is  claimed 
to  be  an  advantage  is,  to  my  mind,  the 

*  Kyan  saturates  the  blocks  with  a  solution  of  bichloride 
of  mercury;  Burnett  with  a  solution  of  chloride  of  zinc  to 
be  absorbed  in  a  vacuum;  Renwick  boils  the  blocks  in 
coal  tar;  and  Boucherie  uses  impure  pyrolignite  of 
iron. 
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reverse.  If  the  pavement  sinks  beneath 
the  load  it  has  to  carry,  it  is  like  having 
a  surface  of  india  rubber;  with  this  de- 
pression an  inclined  plane  of  one  in  seven 
is  formed  with  a  wheel  four  feet  in  di- 
ameter, and  one-seventh  of  the  load 
must  be  raised  this  inch ;  and  this  is  con- 
tinually going  on  with  such  a  bottom. 
It  is  next  to  an  impossible  thing  for  the 
numerous  joints  in  the  area  (a  diameter 
about  eighteen  inches  under  three  tons) 
thus  affected  by  each  wheel  to  remain 
water-tight,  be  they  made  with  asphalt 
or  pitch,  and  the  water  must  pass  through 
them  on  to  the  planking  below,  which, 
sooner  or  later,  must  be  rotted.  These 
open  joints  in  the  end  must  wear  the 
edge  of  the  blocks  round, — a  fact  I 
noticed  in  Birmingham,  on  close  exami- 
nation, which  caused  a  most  unpleasant 
\ibration  as  a  light  springed  vehicle 
crossed  them. 

I  am  certainly  at  a  loss  to  understand 
this  insistance  of  some  surveyors  for 
elasticity  in  a  paved  road,  unless  it  be 
for  the  preservation  of  the  horses'  feet, 
which  do  not  last  so  long  on  the  "  stones  " 
as  on  a  softer  road.  As  for  the  mechani- 
cal effect  of  traction,  it  is  totally  opposed 
to  all  laws  of  mechanics  for  easy  traction; 
and  McAdam's  theory,  of  the  top  stones 
rubbing  against  a  concrete  bottom,  and 
thus  wearing  round,  and  being  displaced, 
— from  whence  I  imagine  the  present 
desire  for  elasticity  comes,  as  the  top 
pavement  is  a  fixture, — is  untenable.  I 
think  it  might  be  laid  down  as  a  rule 
that  the  harder  the  bottom  of  a  road  is 
the  better,  whether  for  wood,  asphalt, 
granite,  or  broken  stone,  and  if  you  do 
not  start  with  this  initial  you  will  never 
have  a  sound  roadway.  The  difficulty  to 
be  overcome  appears  to  be  in  keeping  the 
wet  from  percolating  through  the  joints, 
which  are  made  wide  so  as  to  give  a 
better  foothold  for  horses.  I  think  it  is 
a  questionable  mode  of  laying  pitchers, 
whether  of  wood  or  stone.  I  prefer  hav- 
ing the  joints  closer  than  I  have  hitherto 
seen  them  for  wood;  first  because  there 
is  less  chance  of  the  water  finding  its 
way  to  the  foundation;  secondly,  these 
joints  always  wear  away  quicker  than 
the  blocks,  leaving  innumerable  places 
for  the  lodgment  of  horse-dung  and  filth; 
thirdly,  the  traffic  wearing  the  pitchers 
round.  A  demonstration  of  this  can  be 
found  easily.     A  small  joint,  so  long  as 


it  is  a  perceptible  joint,  is  a  preventive 
to  slipping,  and  enables  a  horse  to  rise  if 
it  falls. 

There  now  remains  an  examination 
of  asphalt  as  a  material  for  paved  roads. 

The  most  noted  of  these  is  that  of  the 
Val  de  Travers  Company,  which  is  de- 
scribed as  limestone,  containing  about 
12j  per  cent,  of  bitumen,  obtained  ex- 
clusively from  JSTeuchatel,  Switzerland. 
It  is  claimed  for  it  that  neither  "atmo- 
spheric heat  nor  frost  affects  it."  In 
laying  it  for  roads,  it  rests  on  a  bed  of 
concrete  sufficiently  thick  to  stand  the 
traffic.  The  asphalt  in  its  natural  state, 
reduced  to  powder,  is  brought  to  the 
works  hot,  and  compressed  with  heated 
irons  and  rollers  uniformly  over  the  entire 
area  to  be  covered,  leaving  no  surface 
seams  or  joints.  It  is  laid  about  two 
inches  to  2\  inches  in  thickness. 

The  next  asphalt  that  has  attracted 
attention  is  that  termed  Lirnmer.  This, 
like  the  previous  material,  is  laid  on  con- 
crete. It  is  brought  from  Hanover; 
mixed  with  a  certain  proportion  of  sand 
and  bitumen  (the  company  say  that  the 
asphalt  contains  from  seventeen  to  twenty 
per  cent,  of  bitumen);  heated  in  caldrons 
and  laid  on  to  the  concrete  about  two 
inches  in  thickness,  and  then  is  smoothed 
with  irons  to  the  requisite  surface. 

There  are  several  other  asphalts  that 
have  been  tried,  but  only  to  a  limited 
extent,  except,  perhaps,  Barnett's  which 
appears  to  be  a  mixture  of  pulverised 
iron  ore  and  mineral  tar  made  liquid  by 
heat,  and  spread,  as  the  other  asphalts, 
about  two  inches  thick. 

The  battle  of  the  materials  is  almost 
as  fierce  as  the  "battle  of  the  gauges." 
The  promoters  of  asphalt  and  wood 
pavements  both  claim  the  same  merits, 
and  there  appears  to  be  a  diversity  of 
opinion  amongst  those  competent  to 
judge,  as  to  which  is  the  better  material 
of  the  two.  The  engineer  of  Bristol 
says, — "  My  experience  of  asphalt  is  not 
large  nor  favorable  :  the  first  cost  of  Yal 
de  Travers  was  16s.  6d.  per  yard,  but  it 
has  not  lasted  here  more  than  six  years, 
and  is  now  in  a  very  bad  condition;  the 
wood  will  require  repair  in  four  or  five 
years." 

No  asphalt  is  to  be  laid  in  the  Bir- 
mingham roadways,  as  the  gradients  are 
so  unsuitable. 

As  a  material  for  footpaths,  Mr.  Till, 
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C.E.,  the  borough  engineer,  says, — "I 
cannot  speak  favorably  of  its  dura- 
bility." 

The  City  of  London  engineer,  Mr.  W. 
Haywood,  C.E.,  has  prepared  an  elabo- 
rate report  on  the  subject,  setting  forth 
in  detail  the  result  of  his  experience  of 
both  wood  and  asphalt;  and  as  no  one 
has  either  had  such  opportunities -or  fa- 
cilities to  come  to  fair  conclusions  in  the 
matter,  I  extract  these  conclusions  ver- 
batim from  his  report.     They  are: 

"1.  As  regards  convenience. — That 
asphalt  is  the  smoothest,  driest,  cleanest, 


most  pleasing  to  the  eye,  and  most 
agreeable  pavement  for  general  pur- 
poses; but  wood  the  most  quiet. 

2.  As  regards  cleansing. — That  wood 
may  be  kept  cleaner  than  it  hitherto  has 
been,  but  will  be  more  difficult  and  ex- 
pensive to  cleanse  effectually  than  as- 
phalt. That  as  both  pavements  require 
occasionally  strewing  with  either  sand 
or  gravel,  there  is  not  much  difference 
between  them  in  that  respect. 

3.  As  regards  construction  and  repair. 
— That  asphalt  and  wood,  taking  all  sea- 
sons and  all  weathers  into  account,  can 
be  laid  and  repaired  with  about  equal  fa- 
cility; but  that  the  smallest,  neatest, 
cleanest,  and  most  durable  repairs  can 
be  made  in  asphalt. 

4.  As  regards  safety. — That  weather 
considered  in  reference  to  the  distance 
which  a  horse  may  travel  before  it  meets 
with  an  accident,  or  the  nature  of  the 
accident,  or  the  facility  with  which  a 
horse  can  recover  its  footing,  or  the 
speed  at  which  it  is  safe  to  travel,  or  the 
gradient  at  which  the  material  can  be 
laid,  wood  is  superior  to  asphalt. 

5.  As  regards  durability  and  cost. — 
That  wood  pavements,  with  repairs,  have 
in  this  City  had  a  life  varying  from  six 
to  nineteen  years,  and  that  with  repairs 
an  average  life  of  about  ten  years  may 
be  obtained;  that  the  durability  of  the 
asphalts  is  not  known,  but  that  under 
the  system  of  maintenance  adopted, 
they  may  last  as  long  as  wood;  that  con- 
trasting the  tenders  for  laying  and  main- 
taining for  a  term  of  years  the  two  best 
pavements  of  their  kind,  wood  will  be 
the  dearest." 

We  must  remember  that  Mr.  Haywood 
is  speaking  of  ordinary  fir  timber  unpre- 
served  in  any  way.  Probably  his  opin- 
ion would   be   materially   altered   if .  he 


was  aware  of  the  durability  of  the  creo- 
soted  timber  in  Sunderland. 

Mr.  Haywood,  in  reporting  on  the 
comparative  safety  of  these  materials, 
says  that  a  horse  would  travel  132  miles 
before  a  fall  took  place  on  granite;  191 
miles  on  asphalt ;  and  446  on  wood. 
This  is  the  experience  of  London  streets; 
but  we  cannot  be  guided  by  that  in  Der- 
by. It  is  the  practice  in  London  to 
move  all  railway  vans,  and  a  large  pro- 
portion of  heavily-weighted  vehicles,  at 
a  trot.  With  us  such  vehicles  are  trans- 
ported at  a  walking-pace,  and  as  acci- 
dents increase  pro  rata  with  the  speed 
and  load,  we  should  not  be  liable  to  any- 
thing like  so  many. 

My  own  comparisons  of  these  mate- 
rials are :  that  for  a  very  large  number  of 
streets  where  the  roadway  is  fairly  wide, 
where  there  are  few  shops,  and  where 
the  occupation  of  the  inhabitants  is  such 
as  noise  would  not  be  a  great  objection, 
granite  is  the  cheapest  and  best  material 
that  can  be  used.  That  in  streets  of 
business,  where  absence  of  noise  is  a 
desideratum,  preserved  wood  paving  is 
the  best,  though  it  is  expensive.  That 
asphalt  is  an  impracticable  material  to 
use  in  our  town,  where  it  would  fre- 
quently have  a  greasy  surface,  unless 
there  is  some  means  of  making  it  less 
slippery  in  damp  weather.  I  have  had 
submitted  to  me  a  model  by  the  Val  de 
Travers  Co.,  which  shows  an  introduc- 
tion of  small  iron  studs  on  the  surface, 
with  asphalt  between;  but  my  experience 
goes  to  prove  that  the  mixing  of  two 
materials  differing  so  essentially  in  their 
toughness  and  hardness  is  quite  wrong; 
that  the  studs  would  in  a  few  years  be 
left  so  high  by  the  wear  of  the  asphalt 
as  to  be  dangerous,  and  I  cannot  recom- 
mend you  to  lay  any  large  area  with 
this,  though  the  Val  de  Travers  Co.,  of 
Birmingham,  are  willing  to  lay  a  trial 
piece  and  charge  nothing  if  it  is  not  suc- 
cessful, and  it  would  only  be  fair  to  give 
them  a  trial. 


The  Baldwin  Locomotive  Works  have 
just  completed  the  first  locomotive  for 
street  cars  made  by  them,  in  which  the 
boiler  and  machinery  are  separate  from 
the  car.  A  trial  trip  will  soon  be  made 
on  the  Market  Street  Railway,  Phila- 
delphia. 
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By  Mr.  RICHARD  HOWSON. 

From  "Engineering." 


There  are,  doubtless,  some  here  pres- 
ent to  whom  the  views  contained  in  the 
following  remarks  are  familiar,  and,  per- 
haps, some  who  may  consider  them  self- 
evident  and  superfluous.  Nevertheless 
I  believe  them  to  be  not  uncalled  for, 
inasmuch  as  their  object  is  to  combat  a 
misapprehension  commonly  current  at 
the  present  time  respecting  the  nature  of 
puddled  iron.  This  misapprehension  is, 
that  a  bar  of  plate,  made  out  of  several 
pieces  welded  together,  is  not  so  good  as 
one  made  out  of  a  bloom  formed  from  a 
single  puddled  ball. 

It  is  said  that  an  impending  change  in 
the  manufacture  of  finished  iron  is  inev- 
itable— machinery  must  take  the  place 
of  handwork.  There  are  sound  reasons 
for  believing  that  this  opinion  is  likely 
to  be  verified,  but  along  with  these  there 
are  other  unsound  ones  which  lead  to 
false  conclusions. 

We  frequently  hear  the  remark  that 
in  order  to  compete  with  steel,  we  must 
have  homogeneous  iron,  meaning  there- 
by iron  rolled  from  a  bloom  made  out  of 
a  single  puddled  ball — that  iron  must  be 
puddled  in  large  masses,  that  it  must  be 
balled  up  in  one  mass,  and  not  divided 
in  the  furnace  into  separate  balls,  that 
the  larger  the  ball  the  better — 15  cwt., 
20  cwt.,  and  even  30  cwt.  being  thought 
not  extravagant,  that  the  system  of  pil- 
ing must  be  abolished,  that  piling  means 
welding,  and  that  welding  is  a  mistake. 
Now,  my  object  is  to  point  out,  in  the 
first  place,  that  iron  rolled  from  a  single 
puddled  bar  is  not  homogeneous;  2d, 
that,  within  certain  limits,  the  larger  the 
mass  the  more  heterogeneous  the  iron  is 
likely  to  be;  and  3d,  that  the  system  of 
welding  is  not  so  bad  as  is  supposed, 
but,  on  the  contrary,  has  its  advantages, 
if  properly  carried  out. 

By  way  of  parenthesis,  I  may  here 
state  that  the  term  "homogeneous  "  can 
only  be  strictly  applied  to  iron  which 
has  been  melted,  or  mild  cast  steel  con- 
'  taming  a  low  percentage  of  carbon.  Mr. 
Howell,  of  Sheffield,  who  was  one  of  the 


?  Paper  read  at  the  Leeds  Meeting  of  the  Iron  and 
?teel  Institute. 


earliest  workers  in  this  field,  has  furnish- 
ed me  with  a  sample  of  such  metal,  and 
Messrs.  Vickers,  Sons,  and  Co,  with  an- 
other. They  are  both  beautiful  mate- 
rials, nearly  as  low  in  carbon  as  ordinary 
wrought  iron.  Both  are  ductile  in  an 
extreme  degree,  capable  of  even  being 
rivetted  cold.  In  tensional  strength, 
they  are  not  so  high  as  steel,  varying 
from  twenty-seven  to  thirty-six  tons  per 
square  inch,  according  to  the  amount  of 
carbon  they  contain. 

One  of  these  specimens  has  been  ham- 
mered, and  the  other  rolled,  and  one  face 
of  both  of  them  has  been  polished  and 
treated  with  acid,  in  order  to  exhibit  the 
structure.      When   compared   with   the 
face  of  ordinary  puddled  iron  similarly 
treated,  the  distinction  is  at  once  seen. 
They  show  no  fibre  or  lamination.     On 
the  other  hand,  here  is  a  piece  of  Cleve- 
land  bar  of  good    quality.     The   fibres 
stand  out  like  whip -cord;  and  here  is  a 
I  piece  of  Low  Moor  cable  iron,  which,  to 
j  a  minor  extent,  presents  the  same  ribbed 
condition.     They  are  in  fact,  anything 
but  homogeneous.    It  must  not,  however, 
j  be  imagined  that  they  are  weak  in  pro- 
portion   to    the    damaged     appearance 
which  the  acid  has  imparted  to  them. 
j  The  tensile  strength    of   the    Cleveland 
j  bar  is  twenty-seven  tons  per  square  inch, 
!  while  the  Low  Moor  is  little,  if  any,  in- 
!  ferior  to  the  average  of  the  two  homo- 
geneous samples. 

To  return  to  the  subject.    I  have  here 
a  piece  of  ordinary  puddled  ball.    It  has 
been  cut  in  two,  and  the  section  polish- 
ed.    Its  entire  mass  consists  of  a  num- 
ber of  nuclei  of  tolerably  pure  wrought 
iron,  interlaced  with  cinder,  or  with  cavi- 
ties which  have    once  been  filled  with 
cinder  in  a  liquid  state.     Such    a   ball, 
when  compressed  under  the  hammer  or 
squeezer,   becomes,    by   the  uniting  to- 
'  gether  of  its  nuclei,  a  more  or  less  solid 
|  mass  of  iron.     The   greater  portion   of 
j  the  cinder  is  expelled,  permitting  metal- 
lic contact  at  a  greater  number  of  points 
and  over  a  larger  area. 

We  thus   see  that  the  term   "  homo- 
geneous "  is  not  applicable  to  a  bloom 
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obtained  in  this  way.  It  is  as  essential- 
ly a  process  of  welding,  as  is  that  of  a 
mass  of  hammered  scrap  iron. 

Such  being  the  case,  we  cannot  fail  to 
conclude  that  the  more  perfectly  the  cin- 
der is  expelled  the  nearer  we  shall  ap- 
proach to  homogeneity,  and  we  have  to 
consider  what  is  the  best  way  of  getting 
rid  of  it.  Of  course,  machinery  and 
skilful  manipulation  must  always  play 
an  important  part  in  the  operation;  but 
leaving  these  out  of  the  question  for  the 
present,  it  is  of  no  less  consequence  to 
ascertain  how  far  the  influence  of  mass 
or  size  affects  the  desired  end. 

It  is  evident  that  whichever  of  the 
known  systems  we  adopt,  either  the  slow 
squeezer  or  the  rapid  blow,  the  larger 
the  mass  the  less  chance  there  is  of  ob- 
taining throughout  a  uniform  structure. 
There  will  always,  under  all  conditions, 
be  more  cinder  towards  the  inside  of  the 
bloom  than  towards  the  outside,  and  the 
larger  the  bloom,  the  greater  will  be  the 
inequality.  A  long  bar  rolled  from  a 
single  bloom  must  inevitably  be  more 
heterogeneous  in  structure — more  sub- 
ject to  flaws,  when  it  is  large  than  when 
it  is  of  smaller  dimensions.  This  is  the 
rational  view  of  the  case,  and  I  confi- 
dently appeal  for  its  confirmation  to  the 
experience  of  those  whose  efforts  have 
been  directed  to  the  production  of  a  high 
class  of  manufacture. '  It  is  certain  that 
machine  puddling  helps  towards  the  at- 
tainment of  success  in  dealing  with  large 
masses,  but  good  puddling  is  a  distinct 
operation  which  stands  on  its  own 
merits.  I  have  shown  that  in  all  cases 
the  process  is  one  of  welding,  and  if 
freedom  from  flaws  is  desired,  it  is  a 
mistake  to  suppose  that  the  employment 
of  puddled  bars  of  gigantic  size  tends  to 
that  object. 

Let  us  now  inquire  what  welding 
means,  and  what  are  the  conditions  for 
securing  efficiency  and  soundness. 
There  is  the  more  necessity  for  this,  as  a 
somewhat  common  misconception  exists 
as  to  its  real  nature.  It  has  even  been 
spoken  of  in  this  Institute  with  some  de- 
gree of  contempt,  as  a  mere  glueing  to- 
gether of  the  particles  of  iron  with  a 
film  of  cinder.  It  can  easily  be  shown 
that  such  a  view  is  founded  on  an  entire 
misapprehension  of  the  process. 

When  we  bend  a  piece  of  iron,  or 
stretch  it,  or  twist  it,  or  compress  it,  we 


experience  a  certain  amount  of  resistance 
to  motion.  It  requires  a  considerable 
force  to  compel  the  molecules  to  change 
their  relative  position  within  the  limit 
of  elasticity,  and  still  more  to  change  it 
permanently. 

The  attraction  of  the  iron  for  itself 
holds  the  atoms  a  fixed  distance  apart, 
which  is  unalterable  except  by  the  exer- 
tion of  a  force  greater  than  itself.  If,  on 
the  other  hand,  the  iron  were  rendered 
gaseous,  the  atoms  would  become  per- 
fectly mobile  and  self-repellent.  "When 
it  is  in  a  liquid  state,  the  condition  is 
neutral,  and  when  it  is  viscous  the  attrac- 
tion, to  a  certain  extent,  predominates. 
It  is  this  attraction  which  effects  the 
welding,  and  during  the  process  it  will 
inevitably  expel  any  intervening  liquid 
substance,  which  is  less  viscous  than 
itself,  provided  the  liquid  has  a  chance  of 
escaping. 

If  two  globules  of  mercury,  immersed 
in  water,  or  even  a  more  dense  fluid,  are 
made  to  approach  each  other,  they  will 
readily  unite  on  a  slight  concussion.  So 
soon  as  the  metal  comes  within  atomic 
distance,  the  fluid  is  expelled,  and  the 
weld  is  perfect.  If  the  globules  are 
covered  with  a  film  of  oxide  or  dust,  it 
becomes  more  difficult  to  obtain  metallic 
contact,  and  the  globules  rebound  instead 
of  uniting.  This  leads  us  to  a  fair  con- 
ception of  what  welding  means. 

It  is  the  common  boast  of  a  good  smith 
that  he  can  unite  two  pieces  of  iron  so 
firmly  as  to  give  way  in  any  other  part 
rather  than  the  joint.  Here  is  a  sample 
of  a  bar  which  has  been  welded  in  the 
middle.  Under  a  strain  of  nineteen  tons 
it  has  given  way,  but  not  at  the  weld, 
and  we  may  be  sure  that  this  could  never 
be  the  case  if  welding  were  only  a  pro- 
cess of  glueing.  In  reality,  the  splice 
ought  to  be  the  strongest  part  of  the  bar, 
because,  in  addition  to  joining,  the  pro- 
cess is  also  one  of  doubling  and  re-draw- 
ing. 

As  regards  the  means  of  obtaining 
complete  metallic  contact,  the  skill  of  the 
workman  has  to  be  exercised, — 1st,  in 
heating  the  iron  sufficiently;  2d,  in  pro- 
tecting the  surface  from  oxidation  by 
means  of  a  flux;  3d,  in  forming  the  sur- 
faces in  such  a  way  that  the  flux  has  a 
means  of  escape  when  the  ends  are 
closed  up  under  the  hammer.  The  natu- 
ral flux  is,   of  course,   the  oxide  of  iron 
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which  forms  during  the  process  of  heat- 
ing; but  this  of  itself  is  of  an  infusible 
character,  and  a  welding  heat  not  being 
a  melting  heat,  it  is  liable  to  resist  union 
by   its    very    dryness.     The    workman, 
therefore,    assists   the    fusibility   of  the ; 
oxide  by  the  addition  of  a  silicious  sand,  i 
The  office   of  silica   in  the   operation  is  j 
thus  twofold;  it  unites  with  the  oxide  to 
form  a  glass  which  is  fusible  at  a  com- 
paratively  low  temperature.     The  glass 
overflows  the  heated  part  and  protects  it 
from  further  oxydation,  while  its  fluidity 
enables   it    to   be    more    easily  expelled 
when  the  union  takes  place. 

It  is  often  remarked  that  silica  is  the 
great  enemy  of  iron,  and  when  present  in  ■ 
excess  this  is  certainly  the  case,  because  j 
then  its  own  inf usibility  comes  into  play. 
When  used  with  judgment  and  in  the  j 
proper  proportions,  it  is  indispensable  as  i 
a  means  of  obtaining  the  requisite  con-  ■ 
dition  of  fluidity.      There  are  certainly 
better  fluxes  than  silica,  as  for  instance 
borax,  and  a  mixture  of  silica  and  alumi- 
na is  better  than   silica  alone.     The  flux 
commonly  used  in   Sheffield  for  welding 
cast  steel  is  a  dried  brick  clay,  a  sample 
of  which,  as  analysed  by  Mr.  N.  Samuel- 
son,  contains  : 

Per  cent.  « 

Silica 58.50 

Alumina 32.95 

Peroxide  of  iron    4.65 

Lime 3.25 

Magnesia 0 .  54 

99.89 

The  essentials  of  a  good  flux  are  in  all 
cases  a  readiness  to  combine  with  the 
oxide  of  iron,  and  fusibility  at  compara- 
tively low  temperatures  when  so  com- 
bined. We  thus  see  that  although  much 
silicon  in  pig  iron  is  undesirable  in  the 
puddling  process,  a  certain  quantity  is 
advantageous,  and  even  necessary,  while 
it  plays  a  most  important  part  in  the 
subsequent  processes.  Even  in  the  thin- 
nest film  it  performs  its  office,  and  when 
iron  is  worked  over  and  over  again,  it  is 
still  present,  constantly  diluting  and 
constantly  permitting  closer  and  closer 
metallic  contact. 

When  we  trace  the  action  of  this  basic 
silicate  in  some  operations,  we  meet  with 
results  which  are  really  extraordinary. 
I  have  here  a  small  piece  of  a  large 
armor  plate,  kindly  furnished  by  Mr. 
Ellis,    of    the    Atlas    Works,    Sheffield. 


The  plate,  when  finished,  measured  14 
feet  16  inches  X  5  feet  4  inches  X  2  feet 
and  weighed  31  tons.  In  order  to  show 
the  amount  of  welding  which  took  place 
in  the  manufacture  of  this  plate,  let  me 
observe  that  the  whole  is  made  out  of 
puddled  balls  weighing  a  little  over  1 
cwt.  each,  while  every  puddled  ball  con- 
sists of  thousands  of  metallic  globules 
originally  not  larger  than  peas.  The 
puddled  bars  made  from  these  are  cutr 
piled,  and  re-rolled;  and  the  process  of 
piling  and  re-rolling  is  repeated  up  to  six 
times.  We  thus  arrive  at  the  somewhat 
astonishing  fact  that  the  entire  mass 
consists  of  not  less  than  11,448  distinct 
laminae,  and  that  each  inch  contains  528 
such  laminae.  In  the  sample  before  us, 
the  cross  section  has  been  subjected  to 
I  the  action  of  dilute  hydrochloric  acid,  in 
I  order  to  exhibit  the  grain.  It  will  be 
|  seen  that  the  structure,  although  it  can- 
not be  called  absolutely  homogeneous,  is 
;  little  inferior  to  really  homogeneous  or 
melted  iron.  This  is,  of  course,  ow7ing 
|  in  a  great  measure  to  the  extreme  ex- 
tenuation of  the  small  quantity  of  cinder 
which  remains  in  the  mass  after  welding. 
Consisting,  as  the  plate  does,  of  six  suc- 
cessive operations  of  piling  and  rolling, 
the  last  weld  will  enclose  most  cinder, 
and  the  first  least  for  equal  areas.  What 
the  enormous  area  is,  over  which  the 
cinder  of  the  first  pile  is  spread,  I  leave 
those  skilled  in  figures  to  calculate,  and 
to  draw  their  owu  conclusions.  It  is 
sufficient  to  say,  that  the  plate  altogether 
forms  a  remarkable  proof,  or  rather  up- 
wards of  11,000  proofs,  of  the  efficacy  of 
welding. 

I  wTill  now  draw  attention  to  the  sys- 
tem adopted  at  Low  Moor,  which  is  also 
a  system  of  welding,  although  essential- 
ly different  from  the  foregoing.    Quality 
being  the  great  object  aimed  at,  regard- 
less of  cost,  the  most  minute  care  and 
precaution   is   taken   at  every  stage  of 
manufacture.     The  process  in  forming  a 
plate   is   as   follows :     The  pig   iron   is 
|  smelted  with  cold  blast,  from  materials 
j  comparatively   free   from   both  sulphur 
I  and  phosphorus,   and   is    afterwards  re- 
|  fined.     It  is  then  puddled   in   heats  of 
:  not   more  than   2\  cwts.,  with  the  addi- 
tion of  nearly  «J  cwt.  of  scrap,  consisting 
of   finished  plate    shearings.     The  pud- 
dling process  ended,  the  balls  are  ham- 
mered, each  into  a  separate  slab.     These 
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are  then  reheated,  and  doubled  and  re- 
heated and  doubled  again,  until  the 
requisite  weight  has  been  attained,  and 
the  whole  is  then  reduced  by  hammer- 
ing (involving  fresh  reheating)  to  a  slab 
of  the  proper  dimensions  and  shape  for 
the  rolls.  The  rolling  presents  nothing 
unusual,  except  in  one  important  respect. 
The  slab  is  not  rolled  with  the  original 
laminations  horizontal,  but  vertical  or 
cross-grained.  This  is  a  precautionary 
measure  for  detecting  flaws.  If  there  is 
a  blister  or  defective  welding  anywhere 
concealed  in  the  mass,  it  is  more  likely 
to  appear  at  the  surface  of  the  finished 
plate  by  this  method  than  by  the  ordi- 
nary plan  of  rolling  with  the  laminations 
parallel  to  the  rolls.  Nothing  could  af- 
ford a  more  striking  proof  of  the  relia- 
ble nature  of  a  sound  weld  than  this 
mode  of  manipulation,  producing,  as  it 
does,  work  of  such  excellence.  If  the 
plate  once  passes  inspection,  no  trace  of 
the  lines  of  junction  is  seen. 

In  the  manufacture  of  bars  even  great- 
er precautions  are  taken  than  in  that  of 
plates.  Every  slab  from  the  puddled 
ball  is,  in  this  case,  broken  in  two  and 
the  fracture  examined.  Every  piece 
which  seems  to  have  been  at  all  burnt, 
or  which  presents  a  shelly  appearance,  is 
rejected  and  laid  aside  for  common  pur- 
poses. Those  which  pass  muster  are 
made  into  piles,  which  are  hammered  and 
doubled  as  described  above,  previous  to 
rolling,  while,  for  best  cable  iron,  the 
blooms  are  not  rolled  into  the  finished 
section  direct,  but  into  flat  bars,  which 
are  again  cut  up,  piled  and  re-rolled. 

The  reason  for  these  extra  precautions 
is  this.  In  plates  (which,  being  for  boil- 
er purposes,  are  not  usually  very  thick), 
any  flaw  is  almost  sure  to  make  its  ap- 
pearance at  the  surface;  but  in  bars,  es- 
pecially of  large  diameter,  it  is  possible 
for  a  defect  to  exist  in  a  center,  where  it 
would  escape  detection. 

I  need  scarcely  add  that  the  conditions 
of  a  sound  weld  are  nowhere  more  ap- 
preciated than  at  these  works,  and  the 
greatest  care  is  exercised  at  every  stage, 
even  to  the  extent  of  employing  an  in- 
spector, whose  duty  it  is  to  examine 
every  slab  and  remove  every  speck  of 
dirt  or  shell  which  may  appear  on  its 
surface,  before  it  is  put  into  the  fur- 
nace. 

I   will   now   shortly   recapitulate   the 


points  to   which  I   have  endeavored  to 
call  the  attention  of  the  meeting  : 

1.  When  two  surfaces  of  wrought  iron 
in  a  half  melted  or  viscous  state,  are 
pressed  together,  the  intervening  cinder 
is  expelled,  provided  it  is  liquid  enough, 
and  has  a  chance  of  escape,  and  cohesion 
results.  This  constitutes  a  weld,  and  if 
the  proper  conditions  have  been  fulfilled, 
such  a  weld  will  be  as  sound  as  any  other 
part  of  the  bar. 

2.  The  requisite  conditions  are  seldom, 
if  ever,  absolutely  fulfilled  in  practice. 
When  the  surfaces  to  be  united  have  a 
large  area,  it  is  impossible  to  avoid  en- 
closing some  small  quantity  of  cinder. 
The  endeavor  should  be  to  reduce  it  to 
a  minimum,  and  then  dilute  it  by  after 
working. 

3.  Shingling  a  puddled  ball  is  essen- 
tially a  process  of  welding,  and  the  term 
homogeneous  is  altogether  inapplicable 
to  it. 

4.  The  conditions  for  perfect  welding 
are  in  no  case  favorable  in  a  puddled 
ball,  and  the  difficulty  increases  with  its 
size. 

I  ventured,  at  the  early  part  of  this 
paper,  to  express  some  confidence  that 
the  views  which  I  have  endeavored  to 
put  into  a  practical  shape  would  be  as- 
sented to  by  many.  I  am  fully  sensible, 
however,  that  there  are  some  who  have 
both  thought  and  worked  on  the  subject, 
who  hold  adverse  opinions  as  to  the  main 
point  in  question.  They  say  justly  : 
"The  time  has  come  when  not  only  bet- 
ter iron  has  become  a  necessity,  but  also 
cheaper,  and  there  is  no  way  of  econo- 
mizing so  promising  as  that  of  dealing 
with  the  material  in  large  masses." 
They  may  perhaps  fairly  add  that  this 
has  already  been  done  with  a  fair 
amount  of  success. 

Now,  I  admit  the  necessity  of  economy, 
and  I  do  not  deny  that  in  machine  pud- 
dling there  may  be  some  advantage  in 
working  on  a  large  scale.  This  advan- 
tage, however,  is  not  paramount,  and 
has  its  own  difficulties,  besides  which  it 
imports  greater  difficulties  into  the  sub- 
sequent processes.  There  is  no  shingling 
machine  yet  constructed  which  is  at  all 
competent  to  do  proper  justice  to  a 
puddled  ball  of  one  ton  weight  and  up- 
wards. If  there  has  been  the  appear- 
ance of  success  in  the  trials  hitherto 
made,  it  is  only  just  to  take  note  of  the 
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failures,  and  it  must  be  remembered  that 
it  requires  many  successes  to  pay  for  one 
failure. 

What  I  wish  to  point  out  is,  that  the 
system  is  not  likely  to  yield  uniformly 
good  results^  while  it  involves  the  use  of 
machinery  of  an  enormously  expensive 
character;  that  there  is  no  need  of  a 
revolution  so  sweeping  as  to  prove  disas- 
trous to  old  works,  but  that  the  machin- 
ery at  present  in  existence,  with  very 
slight  additions,  is  quite  competent  to 
deal  with  machine  puddled  iron  with 
comparative  economy,  and  with  assured 
certainty  as  regards  regularity  of  work- 
ing. To  take  a  single  instance,  let  us  sup- 
pose that  the  manufacture  is  that  of  rails. 

I  have  shown  that  the  oftener  the  iron 
is  doubled  and  drawn,  the  more  is  the 
small  quantity  of  cinder  contained  in  it 
extenuated,  and  the  tougher  and  strong- 
er is  the  product.  There  is  no  doubt, 
however,  that  it  is  quite  possible  to  make 
an  excellent  rail  out  of  a  single  bloom 
direct,  provided  it  is  machine  puddled 
and  is  not  too  large.  The  system,  there- 
fore, resolves  itself  into  a  series  of  pud- 
dling machines,  each  turning  out  from 
five  cwt.  to  six  cwt.  at  a  heat,  a  small 
inexpensive  squeezer  to  bring  the  ball 
into  shape,  and  the  present  hammers  to 
finish  the  bloom.  This  might  all  be  ef- 
fected at  one  heat,  and  another  heat 
would  finish  the  rail.  With  respect  to 
the  puddled  bar  train,  that  would  come 
into  force  for  finer  qualities  of  iron  by 
rolling  down  the  blooms  into  bars  for 
piling  and  re-rolling. 

Supposing  now,  that  instead  of  6  cwt., 
we  have  to  deal  with  18  cwt.  Such  a 
ball  may  be  supposed  either  to  pass 
through  all  the  processes  in  one  piece 
until  it  produces  a  length  equal  to  three 
finished  rails,  or  it  may  be  cut  into  three 
pieces  after  the  operation  of  squeezing. 
In  the  first  case,  we  have  entirely  to  dis- 
card existing  machines  and  substitute 
others  of  a  more  costly  description, 
while  the  mode  of  working,  if  the  fore- 
going remarks  are  to  be  at  all  relied  on, 
involves  comparative  risk  and  uncertainty 
as  regards  quality. 

In  the  second  case,  a  squeezer  of 
equally  powerful  dimensions  is  required 
to  reduce  the  bloom  into  a  shape  ready 
for  cutting,  and  no  advantage  is  after- 
wards gained  over  the  plan  of  commenc- 
ing with  smaller  balls. 
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I  need  not  refer  particularly  to  other 
clssses  of  manufacture,  the  systems  of 
which  indeed  are  capable  of  considerable 
variation.  The  same  general  views, 
however,  hold  good  in  every  case.  An 
armor-plate,  of  however  small  dimen- 
sions, cannot  be  made  out  of  one  ball, 
because  the  first  operation  of  squeezing 
folds  up  the  cinder,  which  cannot  after- 
wards be  got  rid  of,  except  by  a  process 
which  is  not  contemplated,  namely,  re- 
peated drawing  and  doubling.  So  with 
all  classes  of  iron.  The  supposed  homo- 
geneity of  the  single  ball  is,  as  yet,  a 
mere  conjecture,  and  likely  to  prove  a 
fallacious  one;  while  the  economy  of  the 
system  is  more  apparent  than  real. 
Granted  that  machine-puddling  will  be- 
fore long  entirely  supersede  hand  labor, 
the  question  lies  between  working  on  a 
large  scale  and  on  a  comparatively  small 
one.  If  we  sum  up  the  advantages 
which  may  be  claimed  for  the  former, 
they  appear  to  consist  as  follows :  A 
small  saving  of  fuel  in  some  cases,  a 
small  saving  in  labor,  a  small  saving  in 
crop  ends,  and  perhaps  on  the  average, 
a  small  saving  of  waste  in  re-heating. 

On  the  other  hand,  we  have  the  sacri- 
fice of  existing  machinery,  and  the  ex- 
pense of  erecting  new,  of  a  very  costly 
class.  We  have  also  the  increased  lia- 
bility to  loss  through  the  folding  up  of 
raw  iron  and  fettling  in  the  puddled 
ball,  and  generally  greater  difficulty  in 
obtaining  a  uniform  and  reliable  product, 
accompanied  with  more  trouble  from 
wear  and  tear,  and  the  alarming  risk  of 
long  stoppages  from  the  breaking  down 
of  gigantic  machinery. 

I  venture  to  say  that  a  year's  experi- 
ence of  the  two  modes  of  working  would 
prove  in  favor  of  the  smaller  furnaces. 

I  will  now  conclude  this  paper  by  ex- 
pressing a  hope  that  if  the  views  which  I 
have  brought  forward  run  counter  to  the 
experience,  or  to  the  matured  opinions, 
of  members  present,  they  will  give  us 
the  benefit  of  their  knowledge.  We 
have  fairly  arrived  at  an  important  epoch 
in  the  iron  trade — a  period  of  transition 
— but  it  is  not  all  daylight  before  us, 
and  thefestma  lente  policy  is  the  safest. 
While  charging  .  others  with  holding 
mistaken  opinions,  I  may  be  in  error 
myself.  My  only  object  is  to  contribute 
some  little  towards  the  solution  of  a  yet 
uncertain  problem. 
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A  quadratic  equation,  or  an  equation 
of  the  second  degree,  is  the  equation  of 
a  curve;  thus,  the  equation, 

w  x* 
YdV 

giving  the  strains  in  the  chords  of  a 
horizontal  truss,  (w  =  the  full  uniform 
load,  I  =  the  length,  and  d  =  the  depth 
of  the  trusg,  and  x  =  the  distance  of  the 
point  at  which  the  strain  is  sought  from 
the  abutment)  may  be  represented  by 
Fig.  1. 


A  BCD 

Fig.  1. 

Here  let  A  B,  AC,  and  A D  represent 
certain  values  of  x  laid  down  to  a  scale, 
and  B'B,  CO  and  D'D  the  correspond- 
ing values  of  H,  then  the  points  B',  C 
and  D'  will  be  in  a  curve. 

In  some  equations  the  curve  will  be 
convex  to  the  line  on  which  x  is  meas- 
ured, as  in  Fig.  2. 


aT  B  C         D 

Fig.  2. 

It  is  evident  that,  in  such  an  equation, 
there  is  a  certain  value  of  x,  which  gives 
H,  in  Fig.  1,  its  maximum,  and  in  Fig. 
2  its  minimum  value. 

This  value  may  be  found  by  the 
tedious  process  of  substituting  succes- 
sive values  of  x  in  the  equation,  or,  as  is 
generally  done,  by  the  rules  of  Differ- 


*  The  substance  of  this  article  is  from  the  Introductory 
Chapter  to  a  forthcoming  work  on  "Arch and  Suspension 
Trusses,"  and  is  believed  to  be  new. 


ential  Calculus;  but  it  is  possible  to  de- 
termine it  by  the  much  simpler  and  more 
intelligible  processes  of  Algebra,  as  fol- 
lows : 

Since  the  curve  is  uniform  on  either 
side  of  the  maximum  or  minimum  point 
C,  when  B  C  =  CD,  B'B  must  =  D'D. 
Let  H'  =  strain,  at  B,  H  that  at  C,  and 
H"  that  at  D,  Fig.  1,  then  to  find  the 
maximum  value  of  the  above  equation, 
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H'  = 

,H",  or, 
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and  x'—x"  = 

x'*- 
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I 

=  x'- 

2dl 


Then  since  x'  +  x"=2x,  1—2  x,  and  x=-, 

is  the  value  of  x  which  gives  the  equa- 
tion its  maximum  value. 

The  same  reasoning,  but  not  the  same 
equation,  will  apply  to  Fig.  2. 

A  simple  rule  may  be  obtained  by 
taking  an  equation  containing  a  greater 
number  of  terms,  such  as, 

io ux       wx2        3wu7x   .   wifx*    /-.^ 


H 


ds 


2  ds        2  ds2 


ds3 


which  is  the  horizontal  component  of 
the  strain  in  the  unloaded  part  of  the 
lower  rib  of  a  parabolic  arch,  the  upper 
rib  hinged  at  the  center  and  at  the  abut- 
ments, the  load  covering  more  than  half 
the  arch,  u  =  length  of  the  unloaded 
part,  to  =  the  weight  of  a  full  load  of 
equal  density  with  the  partial  load,  x  = 
distance  from  the  unloaded  abutment  of 
the  point  at  which  the  strain  is  taken, 
s  =  span,  and  d  =  depth  of  the  arch. 
It  is  required  to  find  that  value  of  u 
which  makes  the  equation  a  maximum 
at  the  point  x.  'Here  u  is  the  variable 
quantity,  and  proceeding  as  before, 
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ds 
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=  u 


3u" 
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Hence  we  see  that,  at  the  first  step,  all  j 
terms  which  do  not  contain  the  variable  j 
and  all  common  factors,  disappear. 

From  equation  (2),  we  get 
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(3  s-2  x), 
.'.  2s*={u'+u")  (3s— 2x). 
And  since  m'+m'=2w 

2  s2=2  w  (3  s— 2  a;)   and  m  =  — -, 

v  '  2>s—2x' 

which  value,  substituted  in  eq.  (l),  gives 
it  its  maximum  value. 

It  will  be  noticed  that  the  last  opera- 
tion is  equivalent,  after  having  eliminat- 
ed from  eq.  (1)  the  constant  term  and 
common  factors,  to  dividing  it  by  the 
variable,  and  multiplying  the  terms  then 
containing  the  variable  by  2.  From  this 
the  following  rule  may  be  deduced  : 


To  find  the  maximum  or  minimum  value 
of  a  quadratic  equation  containing  the 
first  or  second  powers  of  the  variable  : 

Eliminate  all  constant  terms  and  com- 
mon factors. 

Divide  by  the  variable. 

Multiply  the  terms  which  now  contain 
the  variable  by  2. 

Make  the  equation  so  changed  equal  to 
zero,  and  determine  the  value  of 
the  variable. 

This  value  of  the  variable,  substituted 
in  the  original  equation,  will  make  it  a 
maximum  or  minimum,  as  it  is  of  the 
form  x— ax2,  or  ax*— x. 

If  the  curve  were  not  uniform  on 
either  side  of  the  maximum  or  minimum 
point,  the  above  rule  would  still  apply; 
for  a  curve  may  be  considered  to  be 
composed  of  infinitely  small  straight 
lines,  and  the  maximum  or  minimum 
point  will  be  at  the  center  of  that 
straight  line  which  is  horizontal,  and  x 
and  x"  are  measured  to  its  ends.  Hence 
the  above  reasoning  will  hold  good  in 
such  a  case. 

Cubic  equations  have  both  a  maximum 
and  a  minimum  point,  and  a  very  slight 
elaboration  of  the  above  process  will 
give  a  simple  rule  for  determining  them. 


ELECTRICITY  IN  THEORY  AND  PRACTICE. 

From  "The  Engineer." 


At  the  present  time,  when  telegraph 
lines  and  cables  are  receiving  such  rapid 
extensions,  and  when  such  a  vast  labor 
field  is  being  opened  up  to  both  men  and 
women,  we  may  be  allowed  to  call  close 
attention  to  a  very  important  subject. 
Redaction  in  the  cost  of  messages  has 
largely  increased  the  number  of  mes- 
sages, and  experience  thus  tells  us  that 
further  reduction  means  greater  increase, 
and  the  increase  of  facilities  for  inter- 
communication means  increase  of  busi- 
ness. There  exists  two  ways  by  which 
the  cost  of  messages  can  be  reduced — 
one  is  the  reduction  of  wages,  which  is 
not  likely  to  occur,  in  fact  the  opposite 
— namely,  a  general  raising  of  wages  is 
more  probable;  secondly,  a  decrease  in 
the  cost   of  materials   or  increased  effi- 


ciency in  their  use.  The  latter  seems  to 
be  the  only  way  in  which  reduction  can 
take  place.  Iron,  copper,  wood,  acid, 
&c,  are  not  likely  to  be  any  cheaper, 
and  thus  we  are  reduced  to  the  more  effi- 
cient use  of  these  materials.  He  who 
makes  two  blades  of  grass  grow  where 
one  grew  before  confers  a  benefit  upon 
the  whole  community;  he  who  doubles 
the  efficiency  of  a  battery  or  a  cable  also 
confers  a  benefit  on  humanity.  To  do 
this  we  must  look  to  science,  to  an  edu- 
cation of  workmen  which  will  enable 
them  to  understand  the  powers  and 
capabilities  of  the  materials  placed  in 
their  hands.  Hitherto  all  that  has  been 
thought  necessary  is  the  supervision  of 
a  large  number  of  rule-of-thumb  men  by 
a  few  who  have  a  fairly  practical  know- 
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ledge  of  their  work,  combined  with  a 
modicum  of  theory.  In  our  opinion 
theory  should  go  hand-in-hand  with 
practice,  the  one  being  incapable  of  ad- 
vancing far  towards  perfecting  the 
science  without  the  other.  As  an  ex- 
ample of  the  combination  of  practice 
and  theory,  we  may  point  to  Sir  W. 
Thomson,  whose  work  is  the  admiration 
of  every  electrician.  As  an  example  of 
practice  without  theory,  Mr.  Brough,  in 
speaking  of  the  use  of  Wheatstone's 
bridge,  says  :  "  Bridges  for  testing  tele- 
graph lines  are  almost  invariably  wrongly 
arranged."  This  is  corroborated  by  Mr. 
Heaviside,  who  says  :  "As  Mr.  Brough 
most  truly  observes,  most  Wheatstone's 
bridges  are  wrongly  arranged."  Now, 
if  men  are  unable  to  test  their  lines  in 
the  most  efficient  manner,  can  we  expect 
their  other  work  to  be  any  better  per- 
formed? Now  that  the  telegraph  lines 
are  in  the  hands  of  the  Government,  the 
public  can,  by  judicious  criticism,  insist 
upon  efficiency.  That  a  special  educa- 
tion is  required  to  make  a  man  fit  to 
undertake  electrical  duties  is  already 
felt,  and  means  more  or  less  good  have 
been  taken  to  supply  the  want.  A  few 
schools,  public  and  private,  make  this 
subject  a  specialty.  Little,  however, 
can  be  said  in  their  praise.  Charlatanism 
and  empiricism  reign  supreme  here,  as 
with  the  majority  of  cases  of  those  who 
undertake  to  educate  the  middle  classes. 
The  science  department  pays  some  atten- 
tion to  the  subject,  but  the  practical 
results  arising  from  these  sources  are 
unworthy  of  consideration.  Ultimately, 
as  our  teachers  get  taught,  some  good 
may  arise.  Lastly,  we  have  numerous 
text-books  which  are  supposed  faithfully 
to  put  forward  the  elementary  facts  of 
the  science.  Unfortunately,  in  very 
many  cases  these  books  are  wholly  unre- 
liable, and  in  others  a  strange  want  of 
method,  tact,  and  style  detracts  from 
their  use. 

It  is  absolutely  necessary  that  a  science 
should  be  taught  scientifically,  that 
looseness  of  statement  should  be  avoided, 
and  that  a  rigid  adherence  should  be 
given  to  facts.  Scientific  writers  in 
every  other  branch  of  science  recognize 
this  and  act  accordingly,  but  in  electrici- 
ty old  terms  long  exploded  are  used  over 
and  over  again,  dummies  made  to  do 
the  duty  of  live  men.     Since  the  publi- 


cation of  Faraday's  "Experimental  Re- 
searches "  there  has  been  a  lull  in  experi- 
mental progress.  Strange  it  is  that  pub- 
lishers, so  energetic  to  issue  worthless 
books,  do  not  come  forward  with  a  re- 
issue of  Faraday's  volumes.  They  are 
invaluable  to  the  student,  they  are  not 
out  of  date,  and  they  can  be  obtained 
only  with  great  difficulty — three  very 
good  reasons,  we  should  imagine,  for  a 
new  edition.  Leaving  out  of  considera- 
tion such  works  as  Thomson's  "  Collected 
Papers,"  and  Clerk  Maxwell's  elaborate 
"Mathematical  Treatise,"  books  not 
suited  for  the  class  which  we  have  now 
under  consideration,  we  come  to  a  num- 
ber of  elementary  books  which  might  be 
thought  useful.  There  exists  no  one 
work  entirely  suited  to  the  wants  of 
practical  men.  We  do  not  mean  to  say 
no  new  books  are  published.  A  heap  of 
these  text-books  lies  before  us,  but  our 
hearts  are  hardened  and  we  refuse  to 
accept  them  as  worthy  of  the  place  they 
desire  to  fill.  In  writing  a  treatise  on 
this  subject,  no  matter  whether  intended 
to  be  exhaustive  or  not,  a  great  difficulty 
has  to  be  encountered  at  the  outset,  in- 
asmuch as  no  definition  of  electricity 
can  be  given.  It  is  at  present  almost 
entirely  the  science  of  phenomena.  Its 
laws  are  deduced  from  observation. 
True,  several  theories  are  given  as  to 
what  it  is.  Thus,  Mr.  Sprague  says  : 
"Only  recently,  and  as  a  consequence  of 
the  complete  conversion  of  the  scientific 
world  to  the  opinion  that  heat  is  a  'mode 
of  motion '  has  electricity  begun  to  take 
what  is  evidently  its  true  place,  as  one 
of  the  phases  of  force  or  forms  of  mo- 
tion, and  yet  only  by  thus  regarding  it 
can  we  possibly  obtain  a  clear  conception 
of  nature  and  a  perfectly  satisfactory 
explanation  of  nature's  phenomena."  In 
other  words,  Mr,  Sprague  adopts  the 
theory  that  electricity  is  a  form  of  en- 
ergy. On  this  point  we  have  a  fair  field 
for  discussion,  and  are  not  surprised  to 
find  some  of  the  acknowledged  masters 
of  the  subject  directly  and  flatly  con- 
tradicting the  theory.  Clerk  Maxwell, 
after  having  given  one  reason  against 
this  theory,  says  :  "  There  is,  however, 
another  reason  which  warrants  us  in  as- 
serting that  electricity,  as  a  physical 
quantity,  synonymous  with  the  total 
electrification  of  a  body,  is  not,  like  heat, 
a  form  of  energy.     An  electrified  system 
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has  a  certain  amount  of  energy,  and  this 
energy  can  be  calculated  by  multiplying 
the  quantity  of  electricity  in  each  of  its 
parts  by  another  physical  quantity  called 
the  potential  of  that  part,  and  taking 
half  the  sum  of  the  products.  The 
quantities  'Electricity'  and  'Potential,' 
when  multiplied  together,  produce  the 
quantity  '  Energy.'  It  is  impossible  that 
electricity  and  energy  should  be  quanti- 
ties of  the  same  category,  for  electricity 
is  only  one  of  the  factors  of  energy,  the 
other  factor  being  potential."  Examples 
are  also  given  of  other  factors  producing 
energy.  In  the  present  state  of  elec- 
trical science  it  is  perhaps  necessary  that 
the  two-fluid  and  one-fluid  theories  be 
discussed;  too  little,  however,  is  said  of 
another  theory  which  looks  upon  elec- 
tricity as  a  substance,  an  element  having 
a  far  greater  affinity  for  other  matter 
than  fluorine.  According  to  the  sup- 
porters of  this  theory — and  they  are 
neither  few  nor  feeble — electricity  can 
never  be  isolated,  though  the  conditions 
of  combination  may  be  changed,  giving 
rise  to  the  so-called  positive  and  negative 
electricities.  We  think  that  Professor 
Maxwell  is  entirely  wrong  in  his  reason- 
ing on  this  theory.  He  says: — "Elec- 
tricity is  treated  as  a  substance,  but  in- 
asmuch as  there  are  two  kinds  of  elec- 
trification which,  being  combined,  annul 
each  other,  and  since  we  cannot  conceive 
of  two  substances  annulling  each  other, 
a  distinction  has  been  drawn  between 
free  electricity  and  combined  electricity." 
If  the  positive  and  negative  states  of 
electrification  consist  in  the  combination 
with  more  or  less  than  the  normal  quan- 
tity of  electricity,  and  when  combination 
exists  in  its  normal  state  we  get  no  signs 
at  all  of  electrification,  this  latter  does 
not  prove  that  annihilation  has  taken 
place,  but  that  our  instruments  as  yet 
are  not  adapted  to  the  detection  of  elec- 
tricity in  this  state.  The  learned  pro- 
fessor might  as  well  state  that  no  other 
element  exists  because  our  chemists  as 
yet  have  failed  to  detect  a  new  one. 
With  every  improvement  in  our  means 
of  detection  we  have  increased  the  num- 
ber of  known  elements,  and  we  have 
every  reason  to  suppose  that  further  im- 
provements will  further  increase  the 
number.  Again,  this  theory  does  not 
need  two  substances,  but  one;  and  we 
think  a  positive  assertion  can  be  made 


"that  no  one  element  can  annihilate 
itself."  We  can  only  refer  to  one  other 
theory  which  has,  so  far  as  we  are  aware, 
been  relegated  by  electricians  to  the 
regions  of  mumbo-jumbo — they  have  not 
deigned  to  notice  it  in  any  oi  their  ele- 
mentary books.  Professor  Challis,  writ- 
ing of  electricity,  says  : — "  The  mechani- 
cal operation  of  rubbing  disturbs  the 
superficial  atoms  in  such  a  manner  that, 
in  one  of  the  substances  they  are  pushed 
in  and  in  the  other  they  are  drawn  out 
beyond  their  ordinary  neutral  positions. 
That  these  two  effects  must  be  simul- 
taneously produced  will  appear  from  the 
consideration  that  the  applied  forces 
operate  to  displace  the  atoms  by  the 
intervention  of  the  mechanically  equi- 
valent atomic  and  molecular  forces  of 
the  two  substances,  and  the  resultants 
of  these,  where  the  substances  are  in 
contact,  necessarily  act  on  both  in  the 
same  directions  relative  to  the  common 
tangent  planes  at  the  points  of  contact, 
thus  compressing  one  and  dilating  the 
other.  The  two  kinds  of  electricity  are 
called  vitreous  and  resinous,  or  positive 
and  negative.  I  assume  that  the  vitreous, 
or  positive,  electricity  corresponds  to 
the  compressed  state  of  the  superficial 
atoms."  These  theories  of  electricity  form 
legitimate  grounds  for  discussion,  winch, 
if  of  no  very  great  benefit  to  students 
who  learn  only  to  use,  and  remain  satis- 
fied with  the  least  common  measure  of 
knowledge  which  enables  them  to  gain 
the  place  of  lineman  or  superintendent, 
is  not  wasted,  and  ought  to  serve  as  an 
incentive  to  the  student  to  pay  close 
attention  to  the  phenomena  his  wrork 
may  bring  him  into  contact  with,  and 
which  may  serve  to  settle  the  whole 
question.  We  cannot  say  the  same, 
however,  of  that  part  of  text-books 
which  is  wasted  in  defining  terms  long 
since  proved  incorrect;  and  in  explaining 
phenomena  on  the  most  vicious  and  in- 
correct principles  that  empiricism  can 
devise.  Why  cannot  we  abolish  the 
terms  vitreous  and  resinous?  Why  not 
get  rid  of  the  ideas  expressed  by  free 
and  bound  electricity?  Why  not,  with 
all  the  scientific  hammers  we  possess,  get 
rid  of  the  absurd  and  childish  statement 
that  the  earth  is  a  vast  reservoir,  and 
that  the  electricity  sent  from  the  rubber 
of  an  electric  machine  is  lost  in  this  im- 
mense reservoir?     Why  not?     Simply 
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because  our  would-be  teachers  require  to 
be  taught.  The  question  of  the  reser- 
voir ought  to  have  been  abandoned  after 
the  publication  of  the  first  part  of  Mr. 
F.  C.  Webb's  work  on  "Electrical  Ac- 
cumulation and  Conduction."  The  rea- 
soning therein  is  very  strong,  and  it 
seems  to  us  incapable  of  being  disproved. 
The  book  is  now,  we  believe,  out  of 
print.  The  second  part,  we  are  sorry  to 
say,  was  never  published,  the  reason 
given  being  the  want  of  success  of  the 
first;  and  yet  there  does  not  exist  a 
better  book  on  this  branch  of  the  subject 
in  any  language.  With  such  a  work  in 
existence,  how  could  authors  write— 
"More  of  the  fluid  will  be  accumulated 
by  further  excitation,  the  ground  being 
the  inexhaustible  source  of  the  electric 
fluid;"  or,  "The  earth  is  avast  reservoir 
— a  species  of  drain — which  sucks  up 
and  absorbs  at  the  two  extremities  of  the 
wire  the  free  electricities  which  the  bat- 
tery, or  any  apparatus  that  is  the  gener- 
ator of  electricity,  sends  into  it;"  or 
again,  "  By  means  of  the  electrophorus, 
or  rather,  by  the  small  quantity  of  nega- 
tive electricity  resident  in  its  resinous 
cake,  we  are  thus  enabled  to  'pump  up,' 
as  it  were,  an  indefinitely  large  supply 
of  electricity  from  the  earth  as  a  common 
reservoir  of  electricity  ?" 

Mr.  Webb,  in  the  work  above  referred 
to,  after  quoting  the  explanations  gener- 
ally given,  says,  "I  maintain  that  these 
explanations  are  erroneous,  &c,"  and 
devotes  five  or  six  chapters  to  the  proof 
of  his  statement.  And  he  is  undoubted- 
ly correct.  The  earth  is  no  more  a  vast 
reservoir  of  electricity  than  its  crust  is 
only  forty-five  or  fifty  miles  in  thickness. 
It  seems  to  us  that  all  text-books  and  all 
teachers  should  pay  special  attention  to 
the  description  and  discussion  of  the  laws 
relating  to  the  circuit.  This  ought  and 
may  conveniently  be  divided  and  consi- 
dered under  the  titles  of  Conductive  and 
Inductive  Circuits.  Most  authors  seem 
ignorant  of  the  latter  of  these  terms; 
they  write  with  great  facility  about  "  in- 
duction," but  their  plagiarisms  show  they 
understand  very  little  about  it.  Indeed, 
were  this  really  understood,  the  absurd 
nonsense  of  a  "vast  reservoir"  would 
not  be  written.  Using  the  terms  posi- 
tive and  negative,  we  are  pretty  well 
agreed  upon  one  fundamental  law — that 
it  is  impossible  to  generate  any  quantity 


of  positive  electricity  without  at  the 
same  time  generating  an  equal  quantity 
of  negative,  and  vice  versd.  There  is 
another  equally  fundamental  law,  not, 
however,  so  generally  stated,  even  if  it 
be  admitted.  It  is  this.  Whenever 
positive  and  negative  electricity  are  gen- 
erated, their  whole  end  and  aim,  their 
life-long  work,  is  to  get  together  again, 
and  they  never  cease  attempting  this  till 
—  if  one  may  use  the  expression — they 
have  done  it.  Admitting  these  two  laws, 
the  student,  and,  for  the  matter  of  that, 
the  scientist,  must  be  blind  who  does 
not  clearly  see  the  whole  phenomena  of 
induction  and  conduction.  Admitting 
these  laws,  we  hold  that  the  very  idea  of 
repulsion  is  eliminated  from  the  science 
of  electricity,  there  is  no  such  thing- 
repulsion  does  not,  cannot,  exist.  The 
whole  phenomena  of  pith-balls,  gold 
leaves,  torsion  balance,  &c.  &c,  are  as 
easily  and  much  more  scientifically  ex- 
plained by  means  of  attraction  than  by 
the  olla  podrida  of  repulsion  and  attrac- 
tion. Mr.  Sprague  is  evidently  of  this 
opinion,  and  we  wish  he  had  taken  his 
standpoint  on  it  more  decidedly.  Speak- 
ing of  the  ordinary  theory,  he  says : 
"These  statements  are  received  as  abso- 
lute truth  by  electricians,  and  upon  them 
the  fluid  theories  of  electricity  are  based; 
and  yet  there  is  scarcely  a  truth  in  them 
which  is  not  overweighted  by  an  error." 
"  At  this  stage  it  is  proper  to  remark  that, 
without  absolutely  denying  the  existence 
of  electrical  repulsion,  the  experiments 
on  which  that  doctrine  is  based  are 
mostly  illusory."  Singularly  enough,  he 
does  not  in  the  illustrative  experiments 
he  gives,  mention  one  that  assists  us  in 
understanding  the  reservation  implied 
by  his  words,  "  without  absolutely  deny- 
ing "  in  every  case  we  have  "  apparent 
repulsion." 

The  doctrine  of  always  attraction, 
nowhere  repulsion,  seems  to  be  like  the 
fabled  red  rag  when  waved  in  front  of 
the  bull — calculated  to  rise  the  electric 
ire  of  thoughtless  pretenders,  who  say 
this  or  that  must  be  true  because  this  or 
that  man  amongst  the  foremost  in  the 
scientific  world  says  it  is  so.  It  is  not 
the  thinkers,  but  the  would-be-thought 
thinkers  who  create  disturbances  in  the 
scientific  world.  We  would  ask  these 
meddlers  to  remember  the  noble  words 
of  a  master.     Faraday  says,  in  the  pref- 
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ace  of  vol.  1,  "Experimental Researches:" 
"Other  parts  of  these  researches  have 
received  the  honor  of  critical  attention 
from  various  philosophers,  to  all  of  whom 
I  am  obliged,  and  some  of  whose  correc- 
tions I  have  acknowledged  in  the  foot- 
notes. There  are  no  doubt  occasions  on 
which  I  have  not  felt  the  force  of  the  re- 
marks, but  time  and  the  progress  of 
science  will  best  settle  such  cases,  and 
although  I  cannot  honestly  say  that  I 
wish  to  be  found  in  error,  yet  I  do  fer- 
vently hope  that  the  progress  of  science 
in  the  hands  of  its  many  zealous  cultiva- 
tors will  be  such,  as  by  giving  us  new 
and  other  developments,  and  laws  more 
and  more  general  in  their  applications, 
will  even  make  me  think  that  what  is 
written  and  illustrated  in  these  experi- 
mental researches  belong  to  the  bygone 
parts  of  science."  We  certainly  do  not 
wish  to  be  found  in  error,  but  feel  that 
criticism  is  necessary  upon  points  which 
to  us  seem  so  palpably  incorrect.  Once 
more  stating  the  laws  as  we  recognize 
them,  we  will  endeavour  to  explain  the 
so-called  repulsion  of  gold  leaves  by 
attraction  : — (1)  Equal  quantities  of 
positive  and  negative  electricities  are 
generated  at  same  time.  (2)  The  great 
and  only  object  of  these  electricities  is 
to  recombine.  (3)  No  quantity  of  elec- 
tricity is  ever  lost,  the  earth  not  being  a 
reservoir  sucking  up  or  absorbing.  (4) 
Equal  quantities  of  positive  and  negative 
are  lost  sight  of  on  recombination. 
When  facility  is  given  for  a  recombina- 
tion, as  when  two  sides  of  a  Ley  den  jar 
are  connected  by  wire,  we  form  a  con- 
ductive circuit,  otherwise  we  have  an 
inductive  circuit.  (5)  The  uncombined 
electricities  always  get  as  near  to  each 
other  as  possible.  (6)  Positive  electrici- 
ty has  absolutely  no  effect,  either  repul- 
sive or  attractive,  upon  positive,  and 
similarly,  negative  has  no  effect  on  nega- 
tive. Let  a  gold  leaf  electroscope  be 
charged,  say,  with  positive  electricity. 
The  leaves  diverge,  and  are  commonly 
said  to  be  repelled.  Now  the  real  action 
is  this  :  Originally  the  gold  leaves  and 
conductor  contained  equal  quantities  of 
positive  and  negative  electricities.  The 
negative  is  taken  away  to  combine  with 
positive  presented  to  the  knob.  But  un- 
doubtedly the  generation  of  this  positive 
necessitated  the  generation  of  an  equal 
amount  of  negative  electricity.     Where, 


in  the  name  of  common  sense,  is  this 
gone  to  ?  Are  we  to  still  continue  the 
childish  unscientific  explanation  that  it 
is  absorbed  by  the  earth?  It  cannot  be. 
This  negative  electricity  has  followed 
the  insulated  positive  and  has  been  ac- 
cumulated upon  the  nearest  conductor, 
whether  that  consists  of  the  operator's 
body,  the  walls  of  the  room,  or  the  earth. 
When  the  positive  was  brought  nearer  to 
the  electroscope  than  to  the  original 
negative  it  was  combined  with,  it  induc- 
tively separates  the  normal  electricity  in 
the  leaves  and  conductor,  ultimately  by 
the  conditions  of  the  experiment  it  com- 
bines with  the  negative  of  the  electro- 
scope, and  on  its  combination  is  lost  to 
our  senses  and  instruments.  But  how 
about  the  remaining  electricities?  The 
leaves  diverge  not  because  of  repulsion 
but  because  the  freed  negative  electricity 
has  found  out,  so  to  speak,  the  freed 
positive  electricity,  and  wishes  to  com- 
bine with  it.  According  to  our  idea  the 
two  uncombined  electricities  get  as  near 
to  each  other  as  possible,  and  as  every 
good  electroscope  has  generally  slips  of 
tin-foil  on  its  sides,  the  uncombined 
negative  electricity  is  accumulated  upon 
these  strips,  and  it  is  owing  to  this  ac- 
cumulation that  the  gold  leaves  diverge. 
The  positive  electricity  in  the  leaves  and 
the  negative  electricity  in  the  strips  of 
foil  act  on  each  other,  causing  the  phe- 
nomena. The  strips,  however,  are  not 
necessary — the  phenomena  occur  just  as 
well  without  as  with  them;  if  not  pres- 
ent, the  electricity  accumulates  upon  the 
nearest  conductor,  acting  just  as  effec- 
tively. 

««3»« 

The  Thames  Inundations. — Recently, 
at  a  meeting  of  the  Metropolitan  Board 
of  Works,  Mr.  Roche  introduced  a  draft 
Bill  in  relation  to  the  prevention  of-  in- 
undations from  the  Thames.  He  stated 
that  the  principle  of  the  Bill  was,  that 
the  local  authorities,  as  defined  in  the 
Metropolis  Local  Management  Act, 
1855,  should  be  responsible  for  the  rais- 
ing of  embankments,  and  doing  all  such 
works  as  in  the  opinion  of  the  Board 
were  necessary  to  prevent  inundations, 
the  Board  being  empowered,  in  case  of 
the  default  of  a  local  authority,  to  dt> 
the  work  and  charge  the  local  authority 
with  the  expense.  After  some  discus- 
sion the  preamble  was  agreed  to. 
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ON  FLUID  COMPRESSED  STEEL  AND  GUNS.* 


By  Sir  JOSEPH  WHITWORTH,  Bart. 


In  the  present  paper  the  writer  does 
not  propose  to  enter  into  the  considera- 
tion of  the  various  chemical  effects  pro- 
duced upon  steel,  but  to  confine  himself 
to  what  has  a  more  immediate  and  prac- 
tical bearing  upon  the  application  of 
steel  as  a  constructive  material.  The 
difficulty  he  experienced  in  obtaining 
sound,  ductile  steel,  led  him  to  institute 
experiments  in  compressing  the  steel 
while  in  a  fluid  state. 

For  melting  steel  there  are  in  opera- 
tion at  his  works,  in  Manchester,  the 
crucible,  the  Bessemer  and  the  Siemens- 
Martin  process;  and  pressure  is  applied 
to  the  fluid  metal  so  melted,  in  each  case, 
as  quickty  as  possible  after  it  leaves  the 
furnace.  The  use  of  crucible  steel  for 
constructive  purposes  is  being  rapidly 
superseded  by  the  metal  produced  in 
Bessemer  converter  or  the  Siemen's  fur- 
nace; and  although  crucible  steel  is  yet 
occasionally  specified  and  demanded  on 
account  of  its  supposed  superiority,  yet 
its  superior  quality,  when  it  exists,  will 
be  found  to  be  due  to  the  use  of  purer 
and  better  materials  in  its  production; 
and  if  equally  pure  irons  be  employed 
in  the  other  processes  mentioned,  a 
product  is  obtained  equal  in  sti'ength 
and  ductility  to  crucible  metal.  Various 
specimens  are  exhibited  of  fluid  com- 
pressed steel,  which  have  a  tensile 
strength  of  forty  tons  per  square  inch. 
The  cylinders  which  have  been  burst  by 
successive  discharges  of  gunpowder,  do 
not  fly  into  pieces,  but  open  out  and  tear 
like  paper. 

The  power  of  elongation,  represented 
by  the  word  "ductility,"  is  of  the 'first 
importance  for  some  purposes,  as  in 
guns,  torpedoes,  boilers,  etc.,  and  wher- 
ever severe  strains  might  be  suddenly 
applied;  while  in  some  cases,  as  in  cut- 
ting tools,  the  strength  of  the  metal  is 
of  the  first  importance.  Cylinders  of 
steel,  to  resist  with  safety  the  strains 
produced  by  gunpowder,  should  have  a 
ductility  of  thirty  per  cent.;  more  than 
this  is  unnecessary,  for  cylinders  of  such 
metal  do  not  fly  into  pieces  when  burst, 
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but  simply  open  out  or  tear  like  paper, 
and  a  metal  of  greater  ductility  would 
not,  therefore,  be  required  for  structural 
purposes.  It  is  now  possible  to  produce 
with  certainty,  by  the  compression  of 
fluid  metal,  steel  that  will  bear  a  tensile 
strain  of  fatty  tons  per  square  inch, 
which  elongates  thirty  per  cent,  of  its 
length  before  breaking.  Such  a  metal 
would  not  harden  sufficiently  to  cut 
other  metals. 

Comjyressing. — The  mould  box  for 
fluid  compression,  shown  in  Figures  1 
and  2,  has  an  outer  hoop  of  steel 
A  A  of  the  necessary  thickness  to  with- 
stand the  pressure.  The  inside  of  this 
hoop  is  lined  with  a  layer  of  cast  iron 
lags  B  B,  from  the  front  to  the  back  of 
which  are  a  number  of  grooves  or  chan- 
nels, by  which  the  gases  can  reach  the 
outer  face  of  the  lags  between  them  and 
the  inside  of  the  steel  box;  while  com- 
municating with  these  transverse  chan- 
nels are  made  a  number  of  vertical  or 
longitudinal  channels,  which  open  to  the 
atmosphere  at  the  top  and  bottom  of 
the  mould,  and  from  which  the  escap- 
ing gases  continue  to  burn  for  some 
time,  when  the  pressure  is  applied  to  the 
fluid  metal  S  S.  The  inside  of  the  mould 
is  finally  lined  with  a  layer  of  refractory 
sand,  which,  while  protecting  the  cast 
iron  lags  from  fusion  by  the  heat  of  the 
melted  steel,  also  permits  of  the  gases 
being  driven  through  it  by  the  pressure 
to  the  back  of  the  lags,  and  so  to  the 
asmosphere.  The  case  is  built  up  simi- 
larly to  the  mould. 

Dr.  Tyndall,  in  a  lecture  recently  de- 
livered at  the  Royal  Institution,  said  of 
this  process,  witnessed  by  him :  "  A  large 
ladle  was  at  hand,  and  into  this  was 
poured  the  molten  metal  from  a  number 
of  crucibles.  From  the  ladle,  again,  the 
metal  was  poured  into  the  annular  space 
just  referred  to,  filling  it  to  the  brim. 
Down  upon  the  molten  mass  descended 
the  plunger  of  a  hydraulic  press.  On 
first  entering  it  a  shower  of  the  molten 
metal  was  scattered  on  all  sides;  but,  in- 
asmuch as  the  distance  between  the  an- 
nular plunger  and  the  core  on  the  one 
side,  and  the  sheath  on  the  other,  was 
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only  about  one-tenth  of  an  inch,  the  fluid 
metal  was  immediately  chilled  and  solid- 
ified. 

"  Thus  entrapped,  it  was  subjected  to 
pressure,  which  amounted  eventually  to 
about  six  tons  per  square  inch.  Doubt- 
less, gases  were  here  dissolved  in  the 
fluid  mass,  and  doubtless,  also,  they  were 
mechanically  entangled  in  it  as  bubbles. 
I  figure  to  myself  the  fluid  metal  as  an 
assemblage  of  molecules,  with  the  inter- 
molecular  spaces  in  communication  with 
the  air  outside.  Through  these  spaces  I 
believe  the  carbonic  oxide  and  the  air  to 
have  been  forced,  finding  their  escape 
through  the  porous  core  on  the  one  side, 
and  through  the  porous  sheath  on  the 
other.  From  both  core  and  sheath  issued 
copious  streams  of  gas,  mainly  it  would 
seem  in  the  condition  of  carbonic  oxide 
flame.  A  considerable  shortening  of  the 
fluid  cylinder  was  the  consequence  of 
this  expulsion  of  gases  from  its  inte- 
rior. The  pressure  was  continued  long 
after  the  gases  had  ceased  to  be  ejected; 
for  otherwise  the  contraction  of  the 
metal  on  cooling  might  subject  it  to  in- 
jurious internal  strains.  In  fact,  cast- 
ings have  been  known  to  be  rent  asunder 
by  this  contraction.  By  the  continuance 
of  the  external  pressure,  every  internal 
strain  is  at  once  responded  to  and  satis- 
fied, and  the  metal  is  kept  compact." 

Forging. — The  steel  castings  are  forged 
by  either  the  steam  hammer,  the  rolls, 
or  the  hydraulic  press,  or  a  combination 
of  these  ;  but  for  large  forgings  gener- 
ally, there  is  a  great  superiority  in  the 
work  produced  by  the  hydraulic  forging 
press.  For  the  stroke  of  the  press  is 
that  of  a  continuous  pressure,  and  it  is 
effective  right  through  the  mass  of 
metal;  whereas,  the  blow  of  the  steam 
hammer  is  largely  expended  within  a 
short  distance  of  the  surface,  while  the 
center  of  the  work  is  for  a  certain  period 
comparatively  unacted  upon,  and  there- 
fore the  different  parts  of  the  metal  of* 
the  forging,  produced  under  the  hammer, 
exist  in  very  different  molecular  condi- 
tions. This  is  not  the  case,  as  before 
stated,  when  the  forging  press  is  em- 
ployed. 

At  the  writer's  works,  in  Manchester, 
will  be  seen  a  number  of  fluid  compress- 
ed castings  and  forgings;  one,  a  screw 
propeller  and  shaft,  which,  when  finish- 
ed, will  be  eighteen  tons  weight,  to  sup- 
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ply  the  place  of  an  iron  shaft  weighing 
thirty-one  tons,  thus  saving  the  rotation 
of  thirteen  tons  during  the  life  of  the 
engine.  Also,  number  of  hoops  from 
four  to  eight  tons  weight  for  twenty-two 
and  thirty-five  ton  guns;  also  in  vessels 
for  torpedoes,  etc.,  and  steel  linings  of 
various  sizes  for  marine  engine  cylin- 
ders, some  six  feet  diameter,  four  feet 
nine  inches  long,  and  if  inches  in  thick- 
ness. 

Fluid  Compressed  Steel. 

tensile  strengh  and  ductility  op  differ- 
ent qualities. 


3d 

<D    ft 
S    02 

go 

Duciility  or 

percentage  of 

Elongation. 

Purposes  for  which  the  Steel  is 
available. 

Tons. 
40 

Pr.  ct. 
32 

Axles,  Boilers,  Connecting  rods, 
Cross-heads,  Crank-pins,  Hy 
draulic  Cylinders.  Locomotive 
and  Marine  Cranks,  Propeller 
Shafts,  Rivets,  Railway  Tires, 
Guide  Screws,  Gun  Furniture, 
Gun  Barrels,  Air  Vessels  fcr 
Torpedoes,  Carriages  for  Field 
and  Naval  Ordnance. 

48 

24 

CyliDder  Linings  for  Marine  En- 
gines, Slide  Bars  for  Locomo- 
tives, Shafting,  Couplings, 
Lathe-Mandrils,  Drilling  Ma- 
chine Spindles,  Eccentric 
Shafts  for  Purchasing  and 
Shearing  Machines,  Pillars  for 
Hydraulic  Presses,  Large 
Swages,  Pressure  Blocks  for 
Machines,  Hammers,  Hoops, 
Trunnions  for  Ordnance. 

58 

17 

Large  Planing  and  Lathe  Tools, 
Large  Shears,  Drills,  Smith's 
Punches  and  Dies  and  Sets, 
Small  Swages,  Cold  Chisels, 
Screw  Tools,  Corn  mill  Roll- 
ers, Armor-piercing  Shells. 

68 

10 

Boring  Tools,  Finishing  Tools 
for  Planing  and  Turning. 

72 

14 

For  particular  purposes. 

Mr.  Siemens  said  :  In  the  plan  now 
carried  out,  the  steel  after  it  had  been 
produced  was  dealt  with  under  a  meth- 
od entirely  different  from  those  before 
adopted,  being  here  compressed  while  in 
a  fluid  or  semi  fluid  state.  He  had  at 
first  felt  considerable  doubt  as  to  the  ef- 


fect of  the  new  method.  It  was  said 
that  in  applying  hydraulic  pressure  upon 
fluid  steel  the  gases  contained  in  the 
fluid  metal  would  be  driven  out;  but  he 
could  not  see  how  that  was  to  be  done 
by  mere  pressure.  For  in  applying 
pressure  to  a  fluid,  the  pressure  acted  in 
all  directions  equally;  and  why  a  particle 
of  gas  held  in  suspension  in  the  fluid 
should  go  in  one  direction  rather  than 
another,  and  should  get  away  from  the 
pressure  to  w7hich  it  was  subjected,  it 
seemed  difficult  to  conceive.  The  facts, 
however,  spoke  for  themselves  ;  and 
these  being  ascertained,  it  was  more  easy 
to  find  an  explanation  of  what  took 
place.  The  result,  he  suggested,  might 
be  accounted  for  by  the  circumstance 
that  the  fluid  steel,  congealing  first  on 
the  outside  of  the  mould,  offered  more 
resistance  there  to  the  motion  of  the 
plunger,  and  the  outside  thus  became, 
comparatively  speaking,  porous,  while 
the  fluid  portion  in  the  center  received  a 
larger  amount  of  compression  than  the 
outside  which  had  more  power  of  resist- 
ing the  pressure.  The  particles  of  gas 
entangled  within  the  fluid  mass  would, 
therefore,  encounter  rather  less  resistance 
towards  the  outside  than  towards  the  in- 
side, the  full  hydraulic  pressure  being 
transmitted  to  the  center  of  the  fluid 
mass.  In  that  way  the  expulsion  of  the 
gases  from  the  fluid  metal  might,  per- 
haps, be  accounted  for;  and  he  should 
be  glad  if  Sir  Joseph  Whitworth  would 
give  his  explanation  of  the  matter.  The 
fact  being  admitted,  it  was  clear  that 
the  steel  produced  by  that  mode  of  treat- 
ment must  possess  many  great  advan- 
tages over  metal  treated  in  the  ordinary 
way  by  hammering;  for  it  was  hardly 
to  be  supposed  that  hammering  would 
be  capable  of  driving  out  the  gases. 

With  regard  to  the  mode  in  which 
these  gases  entered  the  metal,  he  did  not 
think  they  were  merely  entrapped  me- 
chanically at  the  time  of  pouring  out 
the  metal  into  the  mould;  because,  in 
working  melted  steel  in  the  open  hearth 
of  a  regenerative  furnace,  he  had  found 
that  the  metal  could  be  made  at  any 
moment  to  evolve  gases  in  great  quanti- 
ties by  simply  plunging  a  cold  bar  of 
iron  to  the  bottom  of  the  fluid  mass. 
The  fluid  metal  evidently  absorbed  car- 
bonic oxide  to  a  very  great  extent;  and 
it  was  due  to  the  partial  congelation  of 
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the  metal  that  the  gases  were  suddenly 
set  free.  Similarly,  in  the  Bessemer 
process,  a  great  ebullition  took  place  on 
pouring  the  fluid  metal  out  of  the  con- 
verting vessel  into  the  iron  moulds,  and 
the  top  of  the  moulds  had  to  be  closed 
by  a  stopper  to  prevent  the  metal. being 
thrown  out  by  the  ebullition.  It  was 
clear,  therefore,  that  the  metal  contained 
a  large  quantity  of  gas  occluded  within 
itself;  and  if  this  was  retained  in  the 
metal  it  became  a  source  of  weakness. 
However  small  the  bubbles  of  gas  might 
be,  their  presence  would  have  the  same 
effect  as  the  presence  of  foreign  matter 
between  the  particles  of  metal,  and 
must  necessarily  weaken  it. 

Mr.  E.  A.  Covvper,  referring  to  the 
condition  of  the  gas  in  fluid  steel  under 
pressure,  and  the  condition  of  the  com- 
pressed steel  after  the  pressure  was  re- 
moved, remarked  that  a  certain  quantity 
of  gas  must  come  from  the  sand  lining, 
as  in  Qrdinary  casting,  some  of  which 
was  carbonic  oxide.  Some  of  the  gas, 
however,  he  thought  still  remained  in 
the  steel,  and  was  accordingly  subjected 
to  the  combined  effects  of  the  high  tem- 
perature and  high  pressure  in  the  mould. 
Supposing  a  very  small  cavity  in  the 
fluid  steel  were  filled  with  this  gas  at  at- 
mospheric pressure,  it  would  first  be  ex- 
panded about  seven  times  by  the  heat  of 
the  melted  steel,  and  then  being  put 
under  the  pressure  of  six  tons  per  square 
inch,  or  900  atmospheres  would  be  com- 
pressed to  1 -900th  of  its  size  when  heat- 
ed; and  in  the  subsequent  cooling  the 
pressure  of  the  gas  contained  in  it  would 
be  reduced  again  seven  times,  leaving 
it  at  a  pressure  of  about  1,920  lbs.  per 
square  inch,  within  an  infinitesimally 
small  bubble.  The  difference  of  the 
temperature  of  the  gas  when  the  steel 
was  in  a  melted  state  and  when  it  was 
cool  was  very  great ;  and  the  difference 
of  pressure  was  largely  accounted  for  by 
the  expansion  of  the  gas,  and  it  was  pos- 
sible it  would  be  a  very  small  speck 
when  compressed  under  the  hydraulic 
pressure  of  six  tons  per  square  inch.  He 
thought  the  gas  must  remain  in  this 
state  in  the  steel  ingot. 

As  there  was  carbon  present  in  the 
steel,  and  it  was  almost  impossible  to 
avoid  oxydizing  some  particles  of  the 
iron  in  the  Bessemer  process,  these  parti- 
cles were  together  in  an  ingot  and  would 


continue  puddling  after  being  run  into 
the  mould.  The  union  of  the  carbon  and 
oxygen  of  the  iron  formed  carbonic  acid, 
causing  the  ingot  to  froth  up  in  the 
mould,  and  producing  a  sponginess  in 
the  top  of  the  ingot. 

Sir  J.  Whitworth  remarked  that,  when 
the  pressure  of  six  tons  per  square  inch 
was  applied  to  the  fluid  metal  in  the 
mould,  a  column  of  fluid  metal  of  eight 
feet  height  was  reduced  one  foot  in  less 
than  five  minutes.  No  doubt,  there  was 
a  great  deal  of  gas  expelled  during  the 
compression,  but  he  believed  nine-tenths 
of  it  was  common  air;  there  was  a  por- 
tion of  other  gas  mix^d  with  the  air,  be- 
cause it  was  burning  while  the  pressure 
was  on,  but  the  greater  portion  he  con- 
sidered must  be  common  air. 

It  had  been  pointed  out  that  in  casting 
ingots  of  steel  in  the  ordinary  way,  the 
metal  was  sometimes  sound  and  some- 
times not  sound.  His  own  experience 
had  been  that  steel  castings  possessing 
twenty-five,  thirty  or  thirty-five  per 
cent,  of  ductility  or  power  of  elonga- 
tion, when  pulled  asunder  were  never 
found  to  be  sound;  with  ten  or  fifteen 
per  cent,  of  ductility  an  ingot  might  be 
sound  through  three-fourths  or  seven- 
eighths  of  its  length  from  the  bottom 
end;  but  he  had  never  got  it  sound  when 
the  ductility  was  higher.  The  great 
value  of  a  metal  lay  in  its  tensile 
strength  and  ductility  combined.  The 
best  metal  for  guns,  torpedoes  and  boil- 
ers was  that  which  had  a  tensile  strength 
of  forty  tons  per  square  inch,  and  had 
also  thirty  per  cent,  of  ductility.  The 
effect  of  this  was  that  when  it  was 
burst,  it  simply  opened  out,  and  there- 
fore there  was  no  danger.  There  was 
never  much  more  than  thirty  per  cent, 
of  ductility  in  the  compressed  steel;  in 
Low  Moor  iron,  forty  per  cent,  was  ob- 
tained, which  was  about  the  limit  prac- 
ticable. It  was  impossible  to  get  both 
high  tensile  strength  and  high  ductility, 
because  as  one  was  gained  the  other  one 
was  lost.  In  the  case  of  the  metal  hav- 
ing a  tensile  strength  of  forty  tons  per 
square  inch,  and  thirty  per  cent  of  duc- 
tility, these  two  figures  together  amount- 
ed to  a  total  of  seventy;  and  it  was  a 
great  achievement  to  get  so  high  a  total 
divided  in  such  nearly  equal  amounts 
between  the  two  qualities  of  tensile 
strength  and  ductility. 
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Mr.  W.  Carpmael  said  he  had  seen  in 
operation  the  process  of  compressing 
fluid  steel,  and  certainly  the  apparent 
effect  was  that  of  squeezing  the  gases 
out  of  the  metal  ;  and  looking  at  the 
porous  character  of  the  mould,  and  the 
fact  that  its  surface  was  covered  with 
burning  gases  during  the  time  of  com- 
pression, he  did  not  see  much  difficulty 
in  believing  that  the  gases  really  were 
expelled  by  the  pressure;  just  as,  if  the 
mould  were  filled  with  wet  sponges,  there 
would  be  no  difficulty  in  squeezing  the 
water  out  of  them  in  the  same  way. 
Or,  he  thought,  the  operation  might  be 
properly  represented  by  considering  the 
steel  as  holding  carbonic  oxide  gas  in 
solution;  this  gas  tended  to  escape  as 
soon  as  sufficient  pressure  was  applied, 
and  where  the  fluid  metal  came  against 
the  sides  of  the  mould  it  parted  with 
the  gas  from  its  surface.  The  surface 
of  the  metal  being  thus  purged  from 
gas  took  a  further  supply  from  the  in- 
terior portion  of  the  mass,  and  parted 
with  it  in  the  same  manner;  and  in  that 
way  he  saw  no  difficulty  in  believing 
that  the  gas  could  be  given  off  during 
the  time  that  the  metal  remained  in  a 
liquid  state  under  the  pressure  in  the 
mould. 

Mr.  H.  Davey  suggested  that  the 
great  increase  of  strength  in  the  metal, 
which  had  been  compressed  while  in  a 
fluid  state,  might  arise  not  from  the  air 
being  squeezed  out  of  the  fluid  mass, 
but  rather  from  a  different  arrangement 
of  the  particles.  For  when  steel  was 
heated  and  immersed  in  cold  water,  the 
increase  of  strength  thereby  produced 
was  very  probably  due  simply  to  a  dif- 
ferent aggregation  of  the  particles;  and 
it  seemed  to  him  possible  that,  when 
steel  in  a  fluid  state  was  subjected  to 
such  a  heavy  pressure,  it  might  in  cool- 
ing assume  a  different  molecular  condi- 
tion from  that  which  it  would  assume 
under  a  much  less  pressure,  or  under  the 
pressure  of  the  atmosphere  only. 

Mr.  F.  W.  Webb  considered  the  sub- 
ject of  the  paper  a  very  interesting  one, 
as  he  believed  steel  would  be  the  most 
important  metal  in  the  future  of  this 
country.  In  reference  to  casting  steel 
sound  without  pressure,  he  had  found 
that  the  "piping"  and  bubbles  often 
met  with  in  steel  castings  were  due  to  a 
want  of  knowledge  in  putting  together 


the  moulds,  so  as  to  provide  for  the  escape 
of  the  gas  without  injury  to  the  castings. 
Where  the  mould  box  was  divided  into 
four  or  five  parts  for  making  a  long 
casting,  if  care  was  not  taken  to  lute  the 
partings  in  the  mould  as  fast  as  the 
metal  .rose  to  each  parting,  it  was  found 
that  wherever  the  gas  blew  out  there 
was  line  of  bubbles  in  the  casting  from 
the  center  to  the  outside.  At  Creusot, 
recently,  he  had  been  very  much  struck 
with  the  magnificent  ingots  cast  there 
from  the  Martin-Siemens  furnaces,  com- 
pletely free  from  flaws,  only  a  small 
head  being  left  on  the  top,  about  six 
inches  diameter  and  four  feet  high;  he 
had  seen  an  ingot  split,  and  there  was 
not  the  slightest  sign  of  honeycomb. 
The  head  of  the  metal  had  a  great  deal 
to  do  with  making  sound  steel  castings. 
In  1872  he  had  shown  at  the  Kensignton 
Exhibition  a  steel  ingot  cast  at  Crewe 
without  pressure  and  perfectly  free 
from  honeycomb;  that  was  done  .with  a 
four-foot  head,  care  being  taken  that 
the  mould  was  perfectly  dry  and  made 
of  at  porous-  non-conducting  substance. 
Large  steel  shafts  also  had  been  cast 
partly  to  shape  in  moulds  of  a  non-con- 
ducting substance,  and  had  been  so 
sound  that  he  had  seen  them  turned 
after  forging  perfectly  bright  and  with- 
out a  speck  on  their  surface.  For 
wheels,  pinions,  and  housings,  not  re- 
quiring any  forging,  the  addition  of  a 
little^  phosphorus  was  of  a  great  help  in 
obtaining  clean  castings;  if  the  steel 
contained  one-third  per  cent,  of  phos- 
phorus it  was  much  sounder  than  with- 
out it. 

With  respect  to  ductility,  he  had 
found  no  difficulty  in  getting  mild  cast 
steel  that  possessed  as  much  as  thirty- 
three  or  thirty-four  per  cent,  of  duct- 
ility, its  tensile  strength  being  from 
thirty  to  thirty-two  tons  per  square  inch. 
He  had  made  now  11,000  tests  of  steel 
boiler  plates  of  this  quality,  by  punch- 
ing a  five-eight  inch  hole  in  a  strip  three 
inches  wide,  and  then  driving  a  drift 
one  and  a-half  jnches  diameter  through 
the  hole  cold,  without  cracking  the  strip. 

This  showed  that  it  was  possible  to 
get  a  uniform  quality  of  steel  of  high 
ductility.  Out  of  500  sets  of  steel 
boiler  plates  he  had  not  had  to  condemn 
more  than  a  single  plate,  and  that  was 
condemned  through  want  of  annealing; 
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proper  annealing  was  indeed  indispensa- 
ble for  making  steel  boilers.  The  steel 
made  at  Crewe  Works  for  the  boiler 
plates  contained  one  fifth  per  cent,  of 
carbon,  the  pig  iron  used  being  not  too 
silicious;  and  it  was  considered  a  favora- 
ble sign  if  a  little  swell  was  left  at  the 
bottom  of  the  ladle  in  casting  the  ingots. 
The  exterior  of  the  ingots  showed  a 
number  of  small  air  holes;  but  when  an 
ingot  eighteen  inches  square  had  been 
hammered,  reheated  and  rolled  down  in- 
to a  plate  three-eight  inches  thick,  these 
surface  defects  disappeared  practically, 
being  reduced  to  a  mere  scale.  After 
the  shearing  and  punching  was  done, 
the  plates  were  finally  annealed  before 
making  the  boilers;  and  he  had  never 
known  an  instance  of  failure  with  a 
boiler  so  made.  For  fireboxes,  steel 
could  hardly  be  tempered  so  low  as  was 
desirable,  and  he  thought  to  use  steel 
for  the  firebox  with  an  iron  shell  was  to 
begin  at  the  wrong  end;  he  considered 
it  preferable  to  employ  Bessemer  metal 
made  of  ferro-manganese  instead  of 
spiegeleisen.  However,  the  steel  boiler 
with  steel  firebox  and  tubes  which  had 
been  shown  at  the  Kensington  Exhibi- 
tion in  1872  was  still  running;  and  not 
having  heard  of  it  since,  he  believed  it 
was  working  all  right.  Five  more  fire- 
boxes had  been  made  with  ferro-man- 
ganese, care  being  taken  in  all  of  them 
to  keep  the  plates  as  thin  as  possible,  on 
account  of  their  being  in  contact  with 
the  fire,  and  to  have  no  double  thickness. 
The  sides,  back  and  front  of  the  firebox 
were  a  single  plate,  which  for  the  largest 
firebox  was  five  feet  eight  inches  wide, 
twenty-two  feet  long  and  five-sixteenth 
to  one  quarter  inches  thick,  this  was 
doubled  up  to  the  required  shape,  leaving 
only  the  tube-plate  and  top-plate  to  be 
riveted  in,  the  thin  plate  under  the 
tubes  being  flatted  back  into  the  water 
space  to  receive  it.  The  firebox  plates 
were  made  to  a  tensile  strength  of  only 
twenty-eight  tons  per  square  inch,  so 
that  they  were  practically  wrought  iron ; 
after  the  first  rolling  they  were  immersed 
in  a  water  tank  twenty-four  feet  long 
and  six  feet  wide,  which  was  close  in 
front  of  the  rolls,  and  the  plates  became 
buckled  up  in  every  way;  they  were 
then  reheated,  this  treatment  being  re- 
peated four  times.  The  plates  appeared 
more  like  morocco  leather  all   over  the 


surface,  and  after  shearing  they  were 
finally  annealed,  until  they  would  stand 
bending  double  when  cold  without  crack- 
ing. 

!Sir  J.  Whitworth  said  he  had  not 
made  any  trial  of  applying  pressure  to 
cast  iron  in  a  fluid  state.  It  should  be 
distinctly  understood  that  the  value  of 
the  process  of  compressing  fluid  steel 
under  the  heavy  pressure  employed  was 
not  in  proportion  to  the  ductility  alone 
of  the  metal  so  produced,  but  consisted 
in  obtaining  high  tensile  strength  in 
combination  with  ductility.  He  had 
himself  never  met  with  a  sound  steel 
ingot,  cast  in  the  ordinary  way,  that  had 
anything  like  thirty  per  cent,  of  ductili- 
ty ;  and  he  should  be  glad  to  know 
whether  ingots,  forged  simply  as  cast, 
and  possessing  that  degree  of  ductility, 
had  ever  been  cut  in  two  and  found  free 
from  air  cells.  Generally,  to  get  rid  of 
air  cells,  the  pressure  of  six  or  eight 
tons  per  square  inch  upon  the  fluid 
metal  was  sufficient,  and  in  practice  no 
higher  pressure  was  used,  in  order  to 
avoid  subjecting  the  mould  boxes  to  too 
severe  a  strain.  He  had,  however,  ap- 
plied a  pressure  of  as  much  as  twenty 
tons  per  square  inch,  in  order  to  see  what 
result  would  be  obtained;  and  had  found 
that,  with  that  amount  of  pressure,  the 
fluid  compressed  steel  was  rendered  so 
perfect  that  it  could  not  afterward  be 
improved  by  any  process  whatever,  and 
needed  no  forging  for  any  purposes. 
Instead  of  casting  the  fluid  compressed 
steel  in  solid  ingots,  he  considered  it 
much  preferable  generally  to  cast  it  in 
the  form  of  tubes,  so  as  to  afford  greater 
freedom  for  the  gases  to  escape  from 
the  inside  surface  as  well  as  from  the 
outside.  No  one  had  done  more  than 
Mr.  Webb  in  connection  with  the  use  of 
steel,  but  it  had  been  in  dealing  princi- 
pally with  boiler  plates,  rails,  and  axles, 
for  all  of  which  the  cast  ingots  neces- 
sarily underwent  a  great  amount  of  forg- 
ing and  rolling;  and  the  soundness  of 
the  original  ingots  was  therefore  of  less 
consequence  in  such  cases. 

Mr.  G.  F.  Deacon  thought  it  was  im- 
possible that  expulsion  of  the  gases  from 
the  interior  could  take  place  by  com- 
pression while  the  metal  was  in  the  fluid 
state,  because  the  pressure  would  be 
equal,  or  nearly  equal,  in  all  directions. 
The  pressure,  it  appeared,  was  sufficient 
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to  reduce  the  ingot  to  seven-eighths  of 
its  original  length,  and  it  seemed  to  him 
that  the  expulsion  of  the  gases,  so  far 
as  it  was  due  to  compression,  must  really 
commence  with  the  process  of  congela- 
tion, and  that  it  took  place  by  reason  of 
the  same  kind  of  action  that  had  oc- 
curred in  certain  rocks  in  which  planes 
of  cleavage  having  no  relation  to  stratifi- 
cation, had  been  produced  by  compres- 
sion. Supposing  such  planes  to  form  at 
right  angles  to  the  direction  of  pressure 
during  the  process  of  congelation,  the 
bubbles  of  gas  would  be  flattened,  and 
joining  each  other,  would  find  the  least 
resistance  in  a  horizontal  direction;  thus, 
after  the  commencement  of  congelation, 
but  not  before,  there  would  be  some 
analogy  to  squeezing  water  out  of  a 
sponge.  If  that  view  were  correct,  it 
would  suggest  the  possibility  of  there 
being  a  certain  amount  of  lamination  in 
a  mass  compressed  in  one  direction  in 
this  manner,  after  the  commencement  of 
congelation,  and  during  the  lateral  ex- 
pulsion of  the  gases.  He  should  be  glad 
to  know  whether  there  was  not  some 
difference  in  the  tensile  strength  of  the 
metal  in  the  two  directions,  at  right 
angles  and  parallel  to  the  direction  of 
pressure;  if  so,  the  greater  strength  be- 
ing round  the  gun  would  be  in  that  di- 
rection in  which  it  was  most  required. 

Mr.  D.  Adamson  considered  the  results 
of  the  process  of  compressing  steel  in 
the  fluid  state,  as  described  in  the  paper, 
most  interesting  and  valuable;  and  he 
thought  the  soundness  of  the  ingots  so 
compressed  could  be  sufficiently  account- 
ed for  on  mechanical  principles,  without 
having  recourse  to  any  explanation  in- 
volving chemical  action  for  the  expul- 
sion of  gases.  For  it  was  impossible  to 
get  a  solid  ingot  in  casting  in  an  ordi- 
nary iron  mould;  the  metal  in  running 
into  the  mould  must  necessarily  become 
cooled  and  solidified  on  its  outer  surface 
first,  and  by  its  contraction  caused  the 
metal  to  boil  out  at  the  top  after  being 
run,  the  center  still  continuing  fluid. 
But  as  soon  as  the  ingot  had  become 
solidified,  and  fixed  at  the  circumference 
and  at  the  ends,  there  was  no  longer  any 
possibility  of  getting  it  solid  at  the  cen- 
ter. The  outer  surface  being  solidified, 
the  natural  contraction  of  the  metal  in 
cooling  must  leave  some  vacuous  pores. 
The  metal  was  then  no  longer  of  a  weld- 


able   character,    and,   however    solid   it 
might  be  made  to  appear  by  subsequent 
hammering,  the  mass  was  not  thorough- 
ly united,  particle  to   particle,  but  only 
mechanically  closed  together.     The  dif- 
ference between  the  tensile  strength  and 
ductility  of  the  compressed  steel  was  ex- 
plained on  that   basis,  the  compression 
taking  place  during  the  time  that  the 
outer   surface   was   becoming  solidified, 
and  thus  the  whole  mass  was  made  really 
solid.     In  Sheffield,  he  believed,  it  had 
long  been  understood  amongst  the  mak- 
ers of  cast  steel  that,  in  order  to  cast  a 
solid  ingot,  a  stick  of  pine  wood  would 
be  held  in  the  center  of  the  melted  steel 
in  the  mould,  and  lifted  out  just  when 
the  metal  was  setting;    by  this  means 
the  center  portion  was  kept  liquid  to  the 
very  last,  and  enabled  to  set  with  a  bet- 
ter chance  of  being  solid;  and  he  under- 
stood the  same  plan  had  many  \  ears  ago 
been  found  by  Mr.  Mushet  most  effica- 
cious in  preventing  the  metal  from  be- 
coming separated  at   the   center.      The 
steel  made  at  Crewe,  possessing  a  tensile 
strength  of  about  thirty  tons  per  square 
inch  with  thirty  per  cent,  of  ductility, 
was  no   doubt   entirely   satisfactory  for 
the  purposes  for  which  it  was  employed; 
but  the  great  point  was  that  in  the  com- 
pressed steel  with  the  same  ductility  the 
tensile  strength  was  increased  to  forty 
tons,  on  account  of  the  particles  being 
really  welded  together  in  the  interior  of 
the  mass.    With  this  metal  for  the  plates 
of  ships  there  would   be  a  great  reduc- 
tion in  weight,  allowing  of  a  correspond- 
ing increase  of  cargo 

Mr.  H.  Sharp  observed  that  in  the 
ordinary  mode  of  casting  Bessemer  steel 
ingots,  by  pouring  the  metal  into  open 
cast-iron  moulds,  there  was  no  doubt  that 
perfectly  solid  ingots  could  not  be  ob- 
tained. But  he  had  seen  many  Bessemer 
ingots  which  had  been  cast  under  the 
pressure  of  a  head  of  metal  of  from  four 
to  five  feet  height,  which  were  perfectly 
sound;  and  in  making  large  castings  for 
forgings,  the  plan  he  adopted  was 
to  use  a  loam  mould,  and  give  the  cast- 
ing a  head  of  the  height  named,  by 
which  means  the  portion  required  for 
the  forging  would  be  perfectly  sound 
and  free  from  honeycomb.  Although 
these  castings  were  not  made  under  such 
a  pressure  as  the  steel  made  by  Sir  J. 
Whitworth's  process,  still  they  were  very 
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strong.  The  ductility  of  the  steel  in  the  |  press  might  wholly  prevent  the  internal 
ingot  he  hud  not  ascertained,  all  the  tests  |  evolution  of  gas,  and  to  conceive  that 
having  been  made  after  forging  it  or  j  it  might  cause  re-absorption  of  such  as 
rolling  it  into  plates;  in  this  state  it  was  j  might  be  partially  developed, 
found  to  have  a  tensile  strength  of  thirty-!  But  good  work  might  be  done,  with- 
three  to  thirty-four  tons  per  square  inch,  out  the  use  of  a  press,  by  "dead  melt- 
with  twenty  to  twenty-five  per  cent,  ex-  ing,"  and  it  was  desirable  to  trace  the 
tension  before  breaking,  the  trial  pieces  nature  and  effect  of  this.  In  melting  by 
being  six  inches  long,  and  stretching  \\  the  crucible,  it  was  not  sufficient  to  get 
to  1^  inches  before  breaking.  the  material  well  heated  and  thoroughly 

Mr.  C.  Cochrane  was  somewhat  sur-  fluid;  but  after  it  had  arrived  at  that 
prised  to  learn  that  the  ingot  of  fluid  j  condition  it  must  be  left  for  sometime  in 
compressed  steel  was  reduced  in  bulk  to  the  furnace  to  "  kill "  it.  In  a  lecture 
the  extent  of  so  much  as  one-eighth  by  j  upon  fuel  delivered  by  Mr.  Siemens  at 
the  pressure  put  upon  it  in  the  mould.  |  the  Bradford  meeting  of  the  British 
This,  he  thought,  could  not  all  be  owing  |  Association,  attention  had  been  called  to 
to  expulsion  of  the  gas,  as  he  could  not  I  the  remarkable  discovery  that  there  was 
imagine  the  ingot  had  originally  con- 1  a  limit  to  the  heat  at  which  combustion 
tained  so  large  a  quantity  of  gas.  It  j  was  possible;  and  that  this  limit,  at 
appeared  to  him  the  reduction  would  i  which  oxygen  and  hydrogen  might  be 
partly  be  due  to  the  expansion  of  the  |  mixed  without  burning,  which  it  had 
heated  mould,  which  must  be  materially  I  been  proposed  to  call  the  heat  of  disso- 
increased  by  the  very  heavy  pressure;  |  ciation,  had  been  fixed  by  M.  St.  Clair 
but  how  much  would  thus  be  accounted  j  D^ville  at  about  4500°  Fahr.  The  ap- 
for,  it  was  difficult  to  say.  To  some  ex-  plication  of  the  same  principle  to  the 
tent  the  result  of  the  compression  seemed  !  combination  of  oxygen  with  carbon, 
to  be  more  of  the  nature  of  prevention  silicium,  etc.,  appeared  to  furnish  an 
than  of  cure;  the  gas  between  the  mo-  explanation  of  the  nature  of  "  dead- 
lecules,  being  compressed  to  900  atmo- 1  melting,"  which  might  assist  in  the  more 
spheres,  would  be  further  dissolved  in  general  production  of  sound  ingots.  In 
the  steel,  but  what  was  not  so  dissolved  j  the  ordinary  methods  of  steel-making  a 
would  be  prevented  from  escaping.  j  great   heat   was   obtained,  and    in    the 


Mr.  E.  Reynolds  remarked,  in  refer-  j  Bessemer  process  the  heat  was  still 
ence  to  the  application  of  the  process  to  j  greater;  so  that  in  either  case  a  near  ap- 
other  metals  than  steel,  that  the  system  i  proach  to  the  heat  of  dissociation  was 
had  been  extensively  used  in  copper !  soon  reached,  and  chemical  action  was 
works  for  the  last  twenty  years  at  least; !  arrested  before  being  completed.  But 
this,  however,  did  not  detract  from  the  if  the  metal  were  cast  in  that  state,  it 
merit  due  to  the  successful  application  would  soon  cool  down  to  a  temperature 
of  a  difficult  process.  He  could  confirm j  at  which  chemical  action  would  again 
the  statement  that  perfectly  sound  steel  |  come  into  operation;  and  gases  would 
ingots  were  produced,  though  perhaps  I  be  evolved,  giving  rise  to  honeycombing, 
not  so  regularly  as  could  be  desired,  |  The  remedy  wras  to  keep  it  melted  for  a 
without  any  greater  pressure  than  the  i  considerable  time,  so  that  the  chemical 
usual  head  of  me'tal ;  one  necessary  con- ;  action,  which  was  then  very  languid 
dition  being  that  the  steel  should  be,  as  from  the  near  approach  to  the  heat  of 
had  been  said,  "  dead  melted."  If  it  dissociation,  might  have  time  to  become 
were  not  so,  the  steel  would   "rise  "in   complete. 

the  moulds,  as  was  very  commonly  the  An  instructive  illustration  of  this 
case  with  Bessemer  metal,  from  the  '  principle  was  afforded  in  the  working  of 
evolution  of  gases  within  the  metal.  It  I  the  regenerator  tank  furnaces  for  steel 
was  common  to  "Stopper"  Bessemer  j  making.  If  these  furnaces  were  worked 
moulds,  in  order  forcibly  to  confine  this  :  at  too  low  a  heat,  the  charge  would  be- 
rising  within  small  limits;  and  consider- i  come  softened  so  rapidly  that  the  metal 
ing  how  small  a  force  was  sufficient  in  j  would  set  (soft  steel  having  a  high 
this  instance  to  resist  an  apparently  j  melting  point),  and  much  time  and 
powerful  agency,  it  was  easy  to  under- '  patience  and  a  great  heat  would  be 
stand  that  a  greater  force  applied  by  a   necessary  to  remelt  it;  and  inasmuch  as 
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the  intense  chemical  action,  due  to  low- 
heat,  applied  to  the  furnace  as  well  as  to 
the  charge,  the  slag  would  run  into  the 
sand  bed  of  the  furnace  as  into  a  sponge, 
and  when  remelted  probably  a  consider- 
able part  of  the  charge  would  leak  out. 
This  made  it  necessary  to  take  from  ten 
to  twelve  hours  for  a  process  which 
might  otherwise  be  completed  in  three 
or  four  hours,  and  to  use  a  very  high 
heat  in  order  to  avoid  cutting  the  fur- 
nace to  pieces.  The  fact  which  had 
been  mentioned,  that  if  an  iron  bar  were 
put  into  the  melted  metal  in  the  furnace 
it  caused  gas  bubbles  to  arise,  was,  he 
thought,  because  the  temperature  was 
thereby  lowered  sufficiently  for  the 
chemical  action  to  recommence;  and  if 
it  was  attempted  to  rabble  the  metal,  an 
excessive  ebullition  was  caused. 

When  steel  really  dead  melted  was 
cast  into  a  mould,  it  naturally  cooled 
first  on  the  outside  ;  and  the  inside 
having  to  contract  afterwards,  a  cavity 
was  left  in  the  center  of  the  upper  part, 
which  was  called  "  piping,"  the  remain- 
der of  tlie  ingot  being  sound.  Though 
in  the  present  state  of  the  manufacture 
the  system  of  compressing  the  metal 
whilst  fluid  might  be  the  most  certain 
method  of  preventing  the  re-commence- 
ment of  chemical  action,  and  might 
therefore  be  of  great  value  for  the  high- 
est class  of  work,  its  legitimate  function 
ought  to  be  confined  to  forging  down 
the  metal  whilst  cooling,  and  to  reducing 
the  loss  by  piping.  Any  apparent  in- 
crease of  strength  he  believed  would  be 
found  to  be  the  result  of  the  forging 
action;  and  if  the  ingot  was  sound,  it 
would  be  equally  obtained  by  forging  it 
afterwards  in  the  usual  manner. 

Mr.  C.  W.  Siemens  concurred  with  the 
remarks  of  Mr.  Reynolds  respecting  the 
dissociation  that  took  place  at  the  high 
temperature  which  existed  in  a  steel 
melting  furnace.  He  added  that,  on 
putting  a  cold  bar  into  the  fluid  metal  in 
the  furnace,  the  ebullition  took  place 
only  during  the  earlier  part  of  the  pro- 
cess; after  the  steel  was  completed  and 
spiegeleisen  or  ferro-manganese  was 
added,  no  ebullition  was  caused  by  the 
insertion  of  the  bar,  showing  that  at  that 
period  of  the  process  the  point  of  dead- 
melting  had  been  reached. 

Mr.  F.  Preston  mentioned  that  an  il- 
lustration of  the  importance  of  getting 


rid  of  the  air,  for  obtaining  good  castings 
in  steel  or  iron,  had  been  afforded  at  a 
foundry  where  there  were  three  cupolas, 
one  of  which  was  never  successful  in 
making  good  castings,  and  in  running 
the  metal  the  gas  was  always  given  off 
like  fire-works.  On  taking  this  cupola 
down,  it  was  found  that  it  had  been 
erected  on  masonry  wi^h  a  large  circular 
cast-iron  bed-plate  upon  the  top,  three 
or  three  and  a  half  inches  thick,  forming 
the  bottom  of  the  hearth.  The  reason  of 
the  previous  difficulty  was  then  obvious; 
the  plate  had  prevented  the  air  from  es- 
caping through  the  bottom  of  the  hearth, 
and  it  was  as  necessary  that  the  air 
should  have  vent  when  melting  the  iron 
as  when  making  a  casting.  The  cupola 
was  afterwards  rebuilt  without  the  iron 
plate,  and  then  produced  iron  like  that 
from  the  two  other  cupolas;  the  plate 
had  been  the  only  cause  which  had  pre- 
vented the  air  escaping  at  the  base,  and 
after  its  removal  the  escape  was  so 
strong  that  the  gas  could  be  lighted. 

The  adoption  of  a  porous  mould  lined 
with  loam  for  casting  the  ingots  of  fluid 
compressed  steel  was  in  accordance  with 
the  universal  experience  in  making  large 
moulds  for  ordinary  castings.  In  a 
moulding  shop  not  only  was  ample  pro- 
vision made  for  the  escape  of  the  air 
from  the  mould  through  numerous  rents, 
but  a  straw  or  hay  bed  was  made  for  the 
mould  to  rest  upon,  in  order  to  give 
further  facility  for  the  air  to  escape 
through  the  bottom  of  the  mould.  If 
the  same  attention  was  given  to  casting 
steel  ingots  as  in  making  ordinary  cast- 
ings, it  would  be  found  that  the  air 
would  be  got  rid  of  far  better  than  by 
casting  in  iron  moulds;  but  if  an  iron 
mould  was  lined  wTith  ganister,  the  prin- 
ciple of  a  porous  mould  was  better  car- 
ried out.  Another  great  objection  to 
the  usual  mode  of  casting  the  ingots  was 
that  the  iron  moulds  were  let  upright, 
with  the  broad  end  forming  the  base  to 
stand  upon,  which  prevented  the  gas 
from  escaping  freely;  the  moulds  ought 
to  be  set  with  the  wide  mouth  upwards, 
to  encourage  the  gas  to  get  away. 

Mr.  F.  W.  Webb  said  the  trial  made 
of  casting  in  a  vaccuum  had  been  suc- 
cessful as  regarded  the  production  of  a 
vacuum,  for  the  pipe  connecting  the  air- 
pump  was  pumped  full  of  steel;  but  it 
did  not  result  in  a   sound   ingot.     The 
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idea  was  brought  out  eight  or  nine  years 
ago  by  Messrs.  Lilthy  and  Bell  at  the 
Bolton  Iron  and  Steel  Works. 

Sir  Joseph  Whitworth  said  with  re- 
gard to  annealing,  in  the  manufacture  of 
Krupp  Steel  more  carbon  was  put  into 
the  metal  than  the  steel  was  intended  to 
have  ultimately,  in  order  to  get  it  sound. 


and  all  the  forgings  were  afterwards 
subjected  to  a  long  process  of  annealing, 
which  was  very  necessary  on  that  sys- 
tem. But  with  the  fluid  compressed 
steel  all  the  large  forgings  were  com- 
pleted without  even  being  annealed 
afterwards;  the  metal  was  right  already, 
and  required  no  annealing. 


BOILER  INCRUSTATION.* 


By  Mr.  F.  J.  ROWAN. 


A  few  years  ago  the  attention  of  all 
concerned  was  exclusively  directed  to 
Incrustation,  its  evils  and  prevention. 
The  evils  produced  by  it  are  numerous, 
for  boilers  when  coated  with  crust  quick- 
ly accumulate  layers  of  this  material, 
which  is  a  bad  conductor  of  heat,  and 
thus  are  not  only  hard  to  steam,  requir- 
ing a  large  excess  of  coal,  but  are  more 
quickly  worn  out  and  sometimes  suddenly 
oxydized  or  "burned"  in  consequence  of 
the  increased  temperature  rendered  nec- 
essary in  the  furnaces.  Dr.  J.  G.  Rogers, 
of  Madison,  United  States,  i,n  a  paper 
published  some  years  ago,  estimated  the 
conducting  power  of  crusts  as  compared 
with  that  of  iron  as  1  is  to  37.5.  A  scale 
1-16  inch  thick,  he  says,  requires  an  ex- 
tra expenditure  of  fifteen  per  cent,  more 
fuel,  and  this  ratio  increases  as  the  scale 
is  thicker.  Thus,  when  it  is  J  inch,  sixty 
per  cent,  more  fuel  is  needed;  £  inch, 
150  per  cent.,  &c.  The  temperature  of 
the  heating  surface  of  the  boiler  must 
be  raised  in  proportion  to  the  thick- 
ness of  scale.  Thus,  while  to  produce 
steam  of  a  pressure  of  90  lbs.,  water 
must  be  heated  to  about  320°  Fab.,  and 
this  can  be  done  in  a  clean  boiler  with 
^-inch  plates  by  heating  the  boiler  sur- 
face to  about  325°;  if  -^-inch  of  scale 
intervenes  between  the  shell  and  the 
water,  it  will  be  necessary  to  raise  the 
temperature  of  the  heating  surface  to 
about  700° — almost  low  red  heat.  Iron 
oxydizes  the  more  rapidly  the  higher  the 
temperature  at  which  it  is  kept,  and  at 
any  heat  above  000°  it  very  soon  becomes 
granular  and  brittle,  and  is  liable  to  give 
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way  under  pressure.  This  condition 
predisposes  the  boiler  to  explosion,  and 
makes  expensive  repairs  necessary,  and 
the  presence  of  scale  also  renders  the 
raising  and  lowering  of  steam  slower. 

The  proper  circulation  of  the  water  is 
also  interfered  with  by  the  presence  of 
crust.  Both  economy  and  durability 
thus  require  the  absence  or  prevention 
of  crust. 

There  are  two  distinct  classes  of  boil- 
ers which  are  subject  to  incrustation,  and 
these  are  : 

(1)  Land  boilers  using  natural  fresh 
waters,  and 

(2)  marine  boilers  using  sea  water. 

(1)  There  is  no  doubt  that  the  quality 
of  natural  fresh  waters  varies  between 
wide  limits,  from  rain  water  on  the  one 
hand,  which  contains  no  mineral  impuri- 
ties, to  that  of  highly-charged  mineral 
and  chalybeate  springs  on  the  other. 

An  examination  of  the  analyses  of 
waters  supplied  to  the  principal  manu- 
facturing towns  in  Britain  (such  as,  for 
instance,  are  published  in  the  Report  of 
the  Registrar-General),  and  comparison 
with  that  of  rivers  in  other  countries, 
demonstrate  that  no  better  general  or 
average  illustration  of  this  class  can  be 
met  with  than  is  afforded  by  the  River 
Clyde  water,  which  was  in  general  use 
in  Glasgow  and  neighborhood  prior  to 
the  introduction  of  Loch  Katrine  water, 
and  which  is  still  used  in  some  manufac- 
turing establishments.  As  analyzed  by 
Dr.  Wallace  in  1848,  that  water  con- 
tained the  following  imparities,  which 
are  here  tabulated  in  grains  to  the  gal- 
lon : 
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Clyde  Water  as  Supplied  to  Glasgow 
in    1848. 

Carbonate  of  lime 2.52 

Carbonate  of  magnesia 72 

Sulphate  of  lime 26 

Sulphates  of  potash  and  soda 1.94 

Chloride  of  magnesium 40 

Chloride  of  sodium 54 

Oxyde  of  iron trace. 

Phosphate  of  lime  and  alumina..     .31 

Silica 28 

Organic  matter 89 

Total 7.86 

Dr.  Wallace  (to  whose  courtesy  I  am 
indebted  for  the  above  and  other  infor- 
mation on  this  subject,  and  for  much 
valuable  assistance  in  connection  with 
this  paper)  has  informed  me  that  the 
total  amount  of  solid  matter  in  solution 
in  this  water  increased  in  quantity  gra- 
dually, and  that  in  1854  it  amounted  to 
ten  or  eleven  grains  per  gallon. 

The  incrustation  formed  upon  ordinary 
steam-boilers,  working  in  mills  at  from 
15  to  20  lbs.  per  square  inch  pressure  of 
steam  (above  the  atmosphere)  and  using 
that  water,  analyzed  by  the  same  au- 
thority, is  found  to  consist  of  : 

Per  Cent. 

Carbonate  of  lime 66.00 

Magnesia 6 .  05 

Sulphate  of  lime 4.28 

Water,  with  traces  of  carbonic 

acid 8.72 

Oxyde  of    iron,   alumina,   and 

phosphate  of  lime 5.85 

Silica 8.10 

Organic  matter 1 .00 

100.00 

This  crust,  which  is  of  a  dark  brown 
color,  and  is  hard,  forms  rapidly  on  the 
interior  of  the  boilers,  and  is  difficult 
to  remove.  But  it  has  been  found  that 
by  a  moderate  use  of  soda-ash  this  for- 
mation is  readily  stopped  or  held  in 
check. 

The  quantity  of  soda  ash  used  in  a 
pair  of  boilers  (one  30  horse-power,  6 
feet  6  inches  diameter  by  21  feet  long; 
one  40  horse-power,  7  feet  6  inches  diam- 
eter by  27  feet  long)  at  the  works  of 
Messrs.  P.  Bogle  &  Co.,  at  Barrowfield, 
which  together  require  about  9,700  gal- 
lons of  water  per  week,  is  six  lbs.  per 
week  in  both  boilers.  This  is  dissolved 
in  water,  and  fed  into  the  two  boilers 
once  a  week. 

The  action  of  this  soda-ash  or  carbo- 
nate of  soda,  under  these  circumstances, 


is  a  very  interesting  one,  though  perhaps 
not  well  understood  by  those  using  the 
substance  in  this  way.  Sulphate  of  lime 
is  decomposed  by  its  means  and  precipi- 
tated as  carbonate,  while  a  soluble  sul- 
phate of  soda  is  formed.  The  neutral 
carbonate  of  lime  is  likewise  produced 
by  reaction  from  the  bicarbonate  in  solu- 
tion, and,  as  thus  formed,  it  will  not  ad- 
here to  the  boiler  surfaces,  but  separates 
as  a  loose  powder  or  mud,  which  can  be- 
blown  out  of  the  boilers  or  otherwise  re- 
moved as  sludge.  In  those  boilers  under 
notice  the  quantity  of  this  sludge  is 
found  to  be  three  pails  full  from  each 
boiler  every  three  months. 

It  has  been  found,  however,  that  where 
the  neutral  carbonate  of  lime  is  produced 
slowly  by  the  action  of  heat — which 
drives  off  part  of  the  carbonic  acid  from 
the  bicarbonate  existing  either  in  solu- 
tion in  the  water  or  as  a  solid  already 
deposited  upon  the  boiler  surfaces — that 
in  this  case  the  neutral  carbonate  possesses 
the  property  of  being  able  to  adhere 
firmly  of  itself  to  the  boiler  plates.  It 
seems  to  be  in  this  case  partially  crystal- 
line. Thus  the  special  advantage  aris- 
ing from  the  employment  of  soda  ash  is 
that  it  decomposes  the  bicarbonate  rap- 
idly, probably  because  of  the  presence 
of  some  soda  uncombined  in  the  ash,  and 
that  the  neutral  carbonate  is  precipita- 
ted as  a  loose  powder,  which  will  not  ad- 
here unless  fused  or  agglomerated  by 
means  of  some  other  substance. 

Concerning  this  latter  point,  M.  Bid- 
ard,  of  Rouen,  has  informed  me  that  his 
numerous  examinations  of  boiler  incrust- 
ations have  demonstrated  the  fact  that 
the  presence  of  organic  matter  is  neces- 
sary for  the  formation  of  boiler  crusts 
which  consist  essentially  of  carbonate  of 
lime.  Such  crusts  he  has  produced  arti- 
ficially, in  order  to  verify  his  theory. 
Fresenius,  however,  quoted  by  Dr.  Wal- 
lace, without  specially  noticing  the  pres- 
ence of  organic  matter,  has  attributed 
a  cementing  property  to  sulphate  of 
lime,  which  he  always  found  present  in 
boiler  crusts.  M.  Bidard's  explanation 
thus  applies  specifically  to  those  crusts 
which  contain  carbonate  of  lime  and  no 
sulphate,  for  it  is  probable  that  where 
sulphate  is  present  it  possesses  agglom- 
erating power  of  itself  sufficient  to  ren- 
der the  presence  of  organic  matter  un- 
important in  these  instances.     This  is 
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demonstrated  in  examples,  in  some  marine 
boilers  for  instance,  where  crusts  are 
formed  without  organic  matter  being 
present  in  appreciable  quantity,  of  which 
the  analyses  by  Dr.  Wallace  are  speci- 
mens. 

But  M.  Bidard's  remarks  show  that 
soda  ash  might  be  used  with  muddy 
water,  such  as  canal  water  for  instance, 
and  yet  a  hard  incrustation  would  form- 
In  such  a  case  there  would  be  no  pre- 
ventive but  the  use  of  a  filter  for  all  the 
water  passing  into  the  boiler  in  addition 
to  the  use  of  soda  ash  there. 

The  use  of  too  much  soda  ash  is  in- 
jurious in  its  effects,  as  the  excess  boils 
up  and  passes  over  in  the  steam  to  cylin- 
ders and  pumps,  where  it  clogs  the  pis- 
ton and  otherwise  interferes  with  proper 
working  by  making  combinations  with 
the  oils  and  greasy  matters  employed  in 
the  machinery.  The  lavish  use  of  oils 
and  grease  of  course  intensifies  this  ac- 
tion where  it  is  present,  and  it  has  been 
found  that  the  carbonate  of  lime  itself 
has  passed  over  from  the  boiler  with  the 
steam,  and  has  entered  into  combination 
with  the  grease  where  enough  was  to  be 
found. 

All  that  is  needed,  however,  in  work- 
ing with  soda  ash  is  a  little  intelligent 
care,  and  as  the  matter  is  simple,  a  sys- 
tem of  working  is  soon  arrived  at.    As  an 


example,  I  take  the  boilers  already  men- 
tioned of  Messrs.  Bogle  &  Co.,  at  Bar- 
rowfield.  Under  ordinary  circumstances 
the  manager,  Mr.  Keith,  proceeds,  as  I 
have  said,  blowing  out  the  boilers  once 
in  three  months.  When,  however,  there 
is  a  fresh  or  "spate"  in  the  river  the 
quantity  of  inorganic  solids  in  the  water 
is  proportionately  less,  and  the  quantity 
of  soda  ash  introduced  is  in  consequence 
diminished.  Muddiness  in  the  water 
seen  in  the  gauge  glasses  is  a  sure  test 
if  too  much  is  being  used,  and  when 
this  is  noticed  and  acted  upon  no  incon- 
venience from  material  passing  over  to 
the  cylinders  is  found  to  result. 

An  interesting  fact  may  he  mentioned 
in  connection  with  this  part  of  the  sub- 
ject, and  as  illustrating  how  calcareous 
waters  sometimes  contain  soluble  mat- 
ters which  themselves  counteract  their 
crust-forming  ingredients.  The  boilers 
of  Messrs.  G.  &  A.  Harvey's  engineering 
works  in  McNeill  Street,  use  the  water 
drawn  from  the  Clyde  at  a  point  which 
is  considerably  below  Barrowiield,  the 
water  being  contaminated  by  the  refuse 
from  print  works  and  other  factories, 
discharged  into  it  between  the  two 
points. 

A  comparative  estimation,  by  Dr. 
Wallace,  of  the  qualities  of  the  water 
from  both  localities  is  here  tabulated: 


I.  From 
Barrowiield. 


II.  From 
McNeill  Street. 


Total  solids  per  gallon 

Ins<  bible  in  water,  carbonates  of  lime  and  magDesia,  silica,  &c 

Soluble  salts 

Organic  matter,  &c.  (loss  by  ignition) , 

Alkalinity  expressed  in  soda . 


8.96 
2.94 
8.92 
2.10 
.014 


15.12 

3.78 

6.72 

4.62 

.056 


The  marked  difference  in  amount  of 
total  solids  per  gallon,  and  in  the  amount 
of  soluble  salts  and  degree  of  alkalinity, 
shows  that  a  decided  change  has  been 
effected  in  the  wrater  by  the  time  it 
reaches  McNeill  Street.  In  using  it  in 
the  boilers  there,  it  is  only  after  a  con- 
siderable time,  and  in  corners  of  the 
boiler  that  a  crust  is  formed.  The  in- 
gredients of  the  water  seem  in  general  to 
re-act  naturally,  and  in  regular  working 
only  a  deposit  of  loose  mud  collects, 
which  is  blown  out  of  the  boilers  each 
morning. 


The  composition  of  the  crust,  as  an- 
alyzed by  Dr.  "Wallace,  is  given  below, 
but  a  full  analysis  of  the  water  would  be 
required  in  order  to  show  what  re-actions 
take  place  in  working  : 

Carbonate  of  lime 64.98 

Sulphate  of  lime  9 .  33 

Magnesia 6.93 

Combined  water 3 .  15 

Chloride  of  sodium 23 

Oxide  of  iron 1 .36 

Phosphate  of  lime  and  alumina.     3 .  72 

Silica 6.60 

Organic  matter '.     1 .  60 

Moisture  at  212°  F 2. 10 

100.00 
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The  use  of  soda-ash  as  a  preventive  of 
the  formation  of  incrustations  in  boilers 
working  with  calcareous  waters  is  so 
rational  and  simple  that  it  has,  from  a 
comparatively  early  date,  commended  it- 
self to  chemists,  and  has  been,  by  them, 
repeatedly  proposed  to  engineers.  The 
material  itself  possesses  for  the  majority 
of  cases,  where  such  is  called  for,  all  that 
it  is  requisite  an  anti  incrustator  should 
possess,  while,  if  used  with  average  care 
and  intelligence,  it  is  not  capable  of  act- 
ing destructively.  Its  application  is 
simple,  as  it  may  be  added  in  solution 
either  periodically — as  in  the  case  of  the 
boilers  quoted,  or,  better,  regularly  and 
steadily  in  fixed  proportion  to  the  quan- 
tity of  water  fed  into  the  boiler,  after 
the  manner  proposed  by  Mr.  James 
Napier  in  the  paper  already  alluded  to. 
There  is  also  no  reason  why  it  should 
not  be  added  in  proper  proportion  to  the 
water  in  the  feedtank  or  cistern, instead 
of  being  put  into  the  boiler.  In  this 
way,  as  the  re-action  between  soda  ash 
and  sulphate  of  lime  does  not  require  a 
high  temperature  or  pressure,  the  pre- 
cipitated carbonate  of  lime  could  be  ar- 
rested, and  comparatively  pure  water 
fed  into  the  boilers,  frequent  blowing-off 
being  also  rendered  unnecessary. 

With  waters  containing  only  a  little 
sulphate,  and  chiefly  carbonate  of  lime, 
it  would  be  necessary,  however,  to  intro- 
duce the  soda  salt  into  the  boiler,  as  a 
temperature  of  100°  Cent,  (212°  Fah.)  is 
requisite  for  the  decomposition  of  the  bi- 
carbonate of  lime. 

A  short  examination  of  the  various 
remedies  against  incrustation  which  have 
been  proposed,  will  not  be  uninteresting, 
although  it  results  in  the  conviction  that 
most  of  them  are  unsatisfactory. 

Oxalate  of  soda  and  tannate  of  soda 
were  proposed  by  Dr.  Rogers  in  America, 
in  order  to  form,  by  decomposition  of 
the  lime  salts,  insoluble  oxalates  and  tan- 
nates;  but  these  would  seem  to  increase 
the  amount  of  solid  matter  precipitated, 
and,  although  proposed  some  years  ago, 
to  have  been  little  used. 

Lime  and  zinc  have  been  used  with 
some  degree  of  success,  but  their  action 
is  confined  to  combining  writh  the  car- 
bonic acid  of  the  bicarbonate  of  lime. 
On  sulphate  of  lime  they  have  no  action. 
The  object  in  view  in  the  proposed  use 
of  starchy  and   gelatinous   matters  has 


been  to  prevent  scale  forming,  by  envel- 
oping the  precipitated  or  crystallized 
solids  with  gelatinous  covering,  and  so  to 
delay  their  settling  by  diminishing  their 
weight.  But  M.  Bidard's  observations 
on  the  effects  of  the  presence  of  organic 
matters  (especially  in  so-called  "  anti-in- 
crustators,"  or  compounds  for  prevent- 
ing incrustation)  at  once  sweeps  the 
field  of  all  remedies  of  an  organic  com- 
position, proving  them  to  be  injurious 
by  doing  the  very  thing  which  they  are 
supposed  to  prevent. 

Still,  however  useful  as  a  precaution 
where  the  admission  of  extraneous  or- 
ganic matter  can  be  prevented,  this  as  a 
system  of  preventing  incrustations  mani- 
festly fails  where  the  water  contains  or- 
ganic matter  in  solution. 

Sal-ammonia,  proposed  by  Ritter- 
brandt,  and  hydrochloric  acid,  are  both 
open  to  the  objections  that  their  pre- 
ventive action  is  only  partial,  and  that 
they  have  the  power  of  seriously  in- 
juring the  boilers  and  connections. 

Crude  pyroligneous  acid  has  been  sug- 
gested for  action  upon  carbonates  alone, 
while  Petroleum  has  been  extensively 
used  in  the  United  States  with  a  measure 
of  success,  not  only  in  preventing  incrus- 
tations, but  also  in  removing  those  al- 
7*eady  formed.  Its  action  has  not  as  yet 
been  investigated,  as  far  as  I  am  awrare, 
but  it  is  probable  that  its  effects  are 
due  to  decomposition  of  hydrocarbons. 
This  seems  to  be  borne  out  by  a 
report  by  the  Chief  Engineer  to  the 
Steam  Boiler  and  Inspection  Co.  of 
Hartford,  U.  S.,  who  states  that  "petro- 
leum works  better  where  sulphate  of 
lime  predominates  than  in  waters  im- 
pregnated with  carbonate  of  lime.  We 
would  not,"  he  says,  "  advise  it  in  connec- 
tion with  this  latter."  This  simple  fact 
renders  it  useless  in  the  majority  of 
boilers  using  fresh  water  in  this  country. 

Soap  acts  upon  both  carbonate  and 
sulphate  of  lime,  but  the  quantity  ap- 
pears to  be  increased  by  the  formation 
of  lime  soap,  and  thus  the  boiler  is  made 
filthy  ;  a  corrosive  crust  is  sometimes 
formed,  and  priming  and  other  evils  also 
result  from  its  use. 

Recently  a  substance  called  "  Burfitt's 
Composition"  has  been  patented  for  the 
prevention  of  boiler  incrustation,  but  it 
has  been  found  to  consist  essentially  of 
organic  matters,  and  moreover  has  rather 
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increased    than    prevented    incrustation 
where  it  has  been  used. 

Two  other  methods  of  prevention  have 
also  "been  devised,  and  seem  to  be  found- 
ed upon  the  fact  which  Professor  Mills 
imforms  me  was  first  observed  by  J.  Y. 
Buchanan,  that  barium  chloride  decom- 
poses sulphates  and  liberates  the  car- 
bonic acid  in  water. 

One  of  these,  called  "  De-Haen's  pro- 
cess," which  consists  in  the  use  of  barium 
chloride  and  milk  of  lime,  is  now  exten- 
sively used  in  Austria  and  in  Krupp's 
Works  in  Prussia.  A  recently  published 
statement  of  the  comparative  cost  of 
working  on  this  system,  and  with  water 
containing  gypsum,  without  an  added 
re-agent,  shows  that  to  purify  33  cubic 
meters  of  water  when  containing  five 
parts  gypsum  in  100,000,  the  cost  is  6d., 
and  when  containing  thirty  parts  gypsum 
the  cost  is  3s.  Practical  working  with 
this  process  for  twelve  months  with  one 
or  twTo  boilers  (it  does  not  appear  very 
clearly  whether  one  or  two),  snowed  an 
increase  of  expenditure  amounting  to 
500  florins,  against  which  was  to  be 
placed  the  saving  in  fuel  resulting  from 
absence  of  incrustation,  and  reduced  re- 
pairs from  the  same  cause,  the  value  of 
these,  however,  not  being  stated. 

The  analysis  of  deposits  which  have 
been  found  to  accumulate  iu  the  steam 
pipes,  &c,  where  these  processes  have 
been  used,  impress  us  with  the  idea  that  | 
these  methods  are,  however,  open  to 
some  serious  objections  in  practical 
working  on  account  of  the  formation  of 
salts  of  barium. 

There  is,  however,  one  system  of  work- 
ing which  has  yet  to  stand  its  trial,  but 
which  it  is  perhaps  not  extravagant  to 
consider  as  inseparably  connected  with 
the  advancement  of  engineering  science 
and  appliances  upon  which  alone  it  de- 
pends. That  is  the  working  of  land 
boilers  in  connection  with  surface  con- 
densers, and  so  supplying  them  with 
pure  water.  No  incrustation  is  possible 
with  this  method,  and  its  theoretical  ad- 
vantages in  point  of  economy  seem  to 
justify  the  belief  that  its  present  limited 
adoption  will  prove  merely  the  precursor 
to  its  more  general  introduction.  It  be- 
comes of  all  the  more  importance  in  view 
of  the  extended  use  of  sectional  or  water 
tube  boilers,  because  with  these,  on  ac- 
count of   small   water   spaces,   no   mere 


preventive  measures  against  the  forma- 
tion of  incrustation  suffice.  Solid  mat- 
ters ought  to  be  excluded  from  all  such 
boilers. 

2.  It  is  necessary,  in  connection  with 
incrustation,  to  consider  marine  boilers 
working  with  sea- water,  because  although 
modern  systems  of  marine  engine 
practice  with  compound  engines  and  sur- 
face condensers,  wherever  these  have 
been  adopted,  have  banished  incrusta- 
tions; yet  these  systems  have  not  yet 
been  universally  adopted,  and  there  is 
even  a  disposition  with  some  to  return 
to  the  regime  under  which  incrustation 
held  sway.  The  evil  effects  of  incrusta- 
tion make  themselves  felt  with  multiplied 
force  in  marine  boilers,  because  of  the 
great  rapidity  with  which  the  crusts 
form,  in  consequence  of  the  large  quan- 
tity of  solids  contained  in  the  water.  I 
am  informed  by  Mr.  Tookey,  of  the 
Royal  School  of  Mines,  that  British 
Channel  water  contains  2467  grains,  and 
North  Sea  water  2408  grains  in  the  gal- 
lon ;  and  it  has  been  shown  by  Mr. 
James  R.  Napier,  F.  R.  S.,  that  sulphate 
of  lime  begins  to  deposit  before  one  half 
of  the  water  is  evaporated. 

In  addition  to  this  rapidity  of  forma- 
tion of  crust,  the  space  at  command  for 
storage  of  fuel  is  limited.  Large  quan- 
tities of  chemical  re-agents  cannot  for  a 
similar  reason  be  carried ;  and  because  of 
the  confined  space  in  which  boilers  and 
men  working  at  them  are  placed  on  board 
ship,  the  results  of  an  accident  to,  or  the 
destruction  of,  the  boilers  are  serious; 
while  great  difficulty  is  also  experienced 
in  getting  repairs  effected  in  foreign 
ports  generally.  All  these  considerations 
render  it  of  the  greatest  importance  that 
marine  boilers  should  be  freed  from  in- 
crustation. Besides  these,  there  are 
reasons  connected  with  the  formation  of 
sea  water  scale,  which  render  its  pres- 
ence in  boilers  undesirable. 

Considered  from  a  chemical  point  of 
view,  the  problem  of  preventing  incrus- 
tation in  these  boilers,  appears  to  be 
similar  to  that  experienced  with  land 
boilers,  inasmuch  as  the  substances  com- 
posing the  crusts  are  similar  in  both 
cases,  although  differing  in  their  propor- 
tions in  the  formations.  No  doubt,  as 
we  have  seen,  soda  ash  is  the  best 
chemical  preventive  where  that  substance 
has  to  be  used  in  ordinary  circumstances, 


550 


VAN"  nostrand's  engineering  magazine. 


but  the  comparatively  enormous  quantity 
of  solid  matters  present  in  sea-water 
causes  the  use  of  soda  ash  to  be  attended 
with  so  many  inconveniences,  and  so 
much  expense  as  to  render  it  here  practi- 
cally useless.  In  these  circumstances  it 
has  to  be  combined  with  blowing  off 
from  the  boiler  in  order  to  get  rid  of  the 
solids,  it  being  necessary,  as  Mr.  J.  R. 
Napier  showed,  to  blow  off  nxth  of  the 
feed  water,  and  neutralize  the  sulphate  of 
lime  in  -foths  with  soda.  The  loss  of 
heat  from  this  blowing  off  is  considera- 
ble, and  it  is  combined  with  the  cost  of 
the  large  quantity  of  soda  required  for 
neutralizing.  Yet  this  process  is  not 
worse  than  the  ordinary  mechanical  one 
of  discharging  the  saturated,  or  what  is 
supposed  to  be  the  saturated,  water 
from  the  boilers  which  has  been  most 
generally  restored  to.  In  this  case  the 
indications  of  the  salinometer  are  de- 
pended upon,  and  fully  hths  of  the  feed 
water  have  to  be  discharged,  little  of  its 
heat  being  utilized.  With  regard  to 
this  Mr.  Jas.  R.  Napier  has  said  of  the 
example  of  a  vessel  whose  boilers  worked 
at  a  temperature  of  270°  that  "  a  quan- 
tity of  fuel  equal  to  15|  per  cent,  of  that 
which  produces  evaporation  is  consumed 
by  the  ordinary  blowing-off  method  in 
order  to  prevent  crust,  and  this  amount 
increases  with  the  temperature." 

The  salinometer  might  prove,  and  per- 
haps has  often  proved,  a  fallacious  test, 
for  if  it  were  applied  after  a  large  quan- 
tity of  the  solids  had  been  precipitated 
from  the  water,  it  would  deceive  the  en- 
gineer by  showing  a  less  density  than 
had  existed  previously,  and  thus  mislead 
him  as  to  the  state  of  the  boilers  and  of 
the  water.  In  result  it  has  been  always 
necessary  to  chip  and  hammer  away 
scale  from  the  interior  of  marine  boilers 
worked  with  sea  water  to  an  extent  not 
advantageous  to  them. 

Undoubtedly  the  most  sensible  and 
efficacious  method  of  preventing  incrus- 
tation in  these  boilers  is  to  work  with 
fresh  water.  This  has  been  rendered 
possible  in  many  instances  by  the  intro- 
duction of  the  Surface  Condenser  into 
practical  working,  and  no  doubt  the  de- 
sire to  avoid  the  evils  of  Incrustation 
has  operated  in  bringing  about  the  in- 
troduction of  that  system  which  is  at 
present  the  most  general  in  marine  en- 
gineering.    On  the  other  hand,  however, 


the  commencement  of  this  era  in  engi- 
neering practice  has  been  the  introduc- 
tion of  engineers  to  all  the  evils  and  dif- 
ficulties of  Corrosion. 

Before  dismissing  the  subject  of  In- 
crustation, I  wish  to  direct  attention  to 
the  following  analyses  and  notices  of  the 
decompositions  which  take  place  in  sea 
water  in  boilers  during  the  formation  of 
crusts,  as  these  throw  considerable  light 
on  the  subject  of  Corrosion.  The  fol- 
lowing analysis  of  Black  Sea  water  was 
given  me  by  the  late  Prof.  Penny.  I 
quote  it  only  as  showing  the  various  in- 
gredients contained  in  sea  water,  as  I 
have  no  means  of  ascertaining  its  accu- 
racy now — 

Black  Sea  water,  sp.  gra 1.01865 

Chloride  of  Sodium 14.03 

Chloride  of  Potassium 19 

Chloride  of  Magnesium 1 .  310 

Bromide  of  Magnesium 005 

Sulphate  of  Lime 105 

Sulphate  of  Magnesia 1.470 

Carbonate  of  Lime 365 

Carbonate  of  Magnesia 2()9 

Total  salts  in  parts  per  1000.  .17.674 

The  following  analyses  were  made  by 
Dr.  Wallace,  Nos.  1,  2,  4  and  5,  for  a 
paper  of  his  on  Boiler  Incrustation,  pub- 
lished some  years  ago;  the  others  kindly 
undertaken  for  me  along  with  other  in- 
vestigations inserted  in  this  paper. 

No.  6  differs  from  the  rest  in  being 
merely  a  deposit.  I  have  arranged  them 
in  tabular  form,  in  order  to  show  as  far 
as  posssible  their  relation  to  one  another 
as  having  been  formed  at  different  pres- 
sures of  steam — 

(See  Table  on  following  page.) 

Dr.  Wallace,  in  his  paper  .quoted 
above,  remarks  :  "  These  crusts  differ 
from  the  insoluble  matter  obtained  by 
simply  evaporating  sea  water  in  open 
vessels,  for  that  contains  nearly  four 
times  as  much  carbonate  of  lime  as  car- 
bonate of  magnesia,  while  the  crusts 
contain  a  large  quantity  of  magnesia, 
and  little  or  no  carbonate  of  lime.  The 
decomposition  of  soluble  magnesian  salts 
by  carbonate  of  lime  under  the  influence 
of  a  liquid  boiling  at  a  high  temperature 
(say  270°)  is  exceedingly  interesting. 
Sulphate  of  magnesia  and  carbonate  of 
lime  boiled  with  water  under  ordinary 
circumstances,  do  not  re-act  upon  each 
other  in  the  slightest  degree;    but  it  is 
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ANALYSES    OF    BOILER    CRUSTS    AND    DEPOSITS, 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

Sifphate  of  Lime 

33.95 
40.05 

traces 
1.33 

traces 
24.67 

66.88 
18.96 

traces 
.50 

traces 
11.66 

69.77 

15.75 

3.44 

.99 

1.14 

.22 

.16 

8  25 

74.21 
14.95 

2.04 
1.34 

.57 
6.89 

72.85 

13.18 

.34 

2.16 

2.40 

.80 
8.27 

57.34 
1.94 

1.72 

27.04 
7.60 

4.30 

76.83 

Magnesia 

1.81 

Carbonate  of  Lime 

Common  Salt 

2.24 

Phosphate  of  Lime,  Alumina,  ) 

and  Oxide  of  Iron f 

Silica 

13.76 
2.24 

Water  with    traces  of   Car-  ) 
bonic  Acid f 

3.78 

Total 

1U0.U0 

100.00 

99.72 

100.00 

100.00 

99.94 

100.66 

No.  1  is  from  the  Cunard  steamer  Asia,  probably  worked  at  about  four  or  five  lbs.  per  square 

inch  pressure  of  steam. 
No.  2  is  from  the  King  Orry,  worked  at  about  five  to  ten  lbs.  pressure. 
No.  3  is  from  the  Propontis,  worked  at  about  ten  lbs.  pressure.     Old  boilers. 
No  4  is  from  the  Cosmopolitan,  worked  at  about  ten  to  fifteen  lbs.  pressure. 
No.  5  is  from  the  Source  unknown,  worked  at  nbout  (?)  fifteen  to  twenty  lbs.  pressure. 
No.  6  is  from  the  Propontis,  worked  at  about  150  lbs.  pressure.     Deposit  before  sea  water  was 

fed  into  Boilers. 
No.  7  is  from  the  Propontis,  worked  at  about  150  lbs.  pressure.     Crust  after  sea  water  was  fed 

into  Boilers. 


evident  that  the  result  is  brought  about 
under  pressure.  The  re-action  with 
oxide  of  manganese,  which  is  isomor- 
phous  with  magnesia,  is  exactly  similar, 
and  is  taken  advantage  of  in  the  recovery 
of  the  manganese  used  in  the  preparation 
of  chlorine,  as  practiced  at  the  St.  Rollox 
Chemical  Works. 

"Again,  the  condition  in  which  the 
magnesia  occurs  is  peculiar.  We  should 
expect  a  basic  carbonate,  but  I  find  little 
more  than  a  trace  of  carbonic  acid  in 
any  of  the  crusts.  (In  No.  1  it  was  .28.) 
The  magnesia  exists  essentially  as  the 
hydrate.  The  sulphate  of  lime  appears 
to  occur  as  the  hydrate  described  by  the 
late  Professor  Johnson,  as  having  been 
found  by  him  in  a  distinctly  crystallized 
condition  in  a  high-pressure  steam 
boiler,  its  composition  being  represented 
by  the  formula  2(CaOS03)  +  HO."* 


*  Under  tbe  head  Di-hydraten  Sulphate  of  Lime, 
Gemelin  -ays:  1  his  compound  was  deposited  from  the 
water  in  a  boiler  which  was  working  under  a  pressure  of 
two  atmospheres;  it  formeo  a  yrayiVh  granular  mass  of 
specific  gravity,  2.757  appearing  U'.der  thp  microscope  in 
the  form  of  small  transparent  prisms  culored  with  car- 
bonaceous matter. 


Calculation 

Johnson. 

SCa  O.S03 

136. 
9. 

93.79 
6. '21 

93  272 

HO 

6  435 

Carbonic  matter 

0.293 

Totas 

145 

100.00 

100.00 

Recently  these  results  have  been  veri- 
fied by  the  independent  investigations 
of  Dr.  Ferd.  Fischer  who  has  proved 
from  a  number  of  analyses  that  various 
decompositions  of  the  salts  contained  in 
waters  take  place  under  the  influence  of 
elevated  temperature  and  pressure. 
Fischer  quotes  various  authorities  to 
show  that  gypsum  gives  off  nearly  half 
its  water  of  crystallization  at  tempera- 
tures up  to  100°  (C),  and  further  pro- 
portions at  higher  temperatures,  so  that 
its  solubility  is  considerably  diminished. 
Above  140°  it  becomes  totally  insoluble 
in  sea  water,  and  at  a  lower  temperature 
in  fresh  water,  and  hence  is  deposited  as 
an  anhydride.  It  is  more  easily  soluble 
in  water  containing  sodium  or  magne- 
sium chloride  in  solution  than  in  pure 
water.  The  effect  of  pressure  on  its  sol- 
ubility and  that  of  other  salts  is  shown 
by  the  following  table  of  analyses  of 
water  from  boilers  : 

(See  Table  on  following  page.) 

He  shows  that  only  a  portion  of  the 
calcium  sulphate  in  boiler  incrustations 
contains  water  of  crystallization.  In 
boilers  which  have  been  submitted  to  a 
very  high  pressure  it  occurs  anhydrous. 
Magnesia  exists  as  hydrate,  the  magne- 
sium chloride  giving  up  its  hydrochloric 
acid,  under  the  influence  of  heat.  The 
magnesium  carbonate  is  decomposed  at  a 
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One  liter  of  Water  contains — 


CaSo4(CaO,S03) 

CaCl2  (CaCl) 

MgCl8  (MsrCl) 

Na2  S04(NaO,S03) 

Na  CI 

Residue  found  on  Evaporation 


Taken  with  mud 

At  3  atmos. 

At  1.5  atmos. 

when  blowing 
off  Boiler. 

0.885  gram. 

1.136  gram. 

3.028  gram. 

1.008      " 

— 

— 

3.479      ". 

0.189      " 

0.769      f< 

— 

0.104      '■ 

5  161       " 

4.743       " 

0.478      " 

9.582       "    - 

7.210       " 

— 

18.864      " 

temperature  little  above  100°,  arid  mag- 
nesium sulphate  undergoes  mutual  de- 
composition with  calcium  carbonate,  the 
carbonic  acid  escaping.  From  a  number 
of  analyses  given  it  is  noticeable  that 
the  higher  the  pressure,  and  consequent- 
ly the  higher  the  temperature,  up  to  3 
atmos.,  the  larger  the  quantity  of 
2CaS04  -f  H20,  in  comparison  with  the 


CaC03.  But,  contrary  to  the  opinions 
of  many,  Fischer  holds  that  carbonate  of 
lime  suffices  of  itself,  or  probably  also 
aided  by  silica,  to  form  a  hard  crust. 

It  appears  from  analyses  of  marine 
crusts  to  be  probable  also  that  the  quan- 
tity of  Na  Cl  in  the  crusts  increases  with 
increase  of  the  steam  pressure  under 
which  these  have  been  formed. 


TEE  EARTHWORK  QUESTION. 

By  J.  W.  DAVIS,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


Lsr  a  paper  entitled  "The  Calculation 
of  Earthwork,"  which  was  published  in 
the  October  number  of  this  Magazine, 
the  author  advocates  a  very  novel  way 
of  calculating  earthwork.  Having  a 
series  of  volumes  of  equal  length  to  esti- 
mate, he  constructs  a  new  series  of  vol- 
umes, with  same  length  and  cross-sec- 
tional areas,  but  with  unity  for  breadth. 
The  longitudinal  section  of  these  volumes 
has  consequently  the  same  number  of 
units  of  area  that  these  volumes  have 
units  of  solidity;  and  the  altitudes  of  the 
cross-sectional  areas  have  the  same  num- 
ber of  units  of  length  that  these  sections 
have  units  of  area.  To  this  longitudinal 
section  the  author  applies  Simpson's 
Rule  of  integration  for  an  area  bounded 
by  a  curve;  and,  since  the  result  also  ex- 
presses the  contents  of  the  volumes  of 
a  unit  breadth,  he  accepts  it  for  the 
original  earthwork  volumes. 

Now,  we  admit  that  Simpson's  Rule^ 
applies  very  precisely  to  this  longitudinal 
section,  as  it  is  constructed.  We  must 
consequently  admit  that  it  applies  with 
the  same  precision  to  the  constructed 
series  of  volumes.     But  we  do  not  admit 


by  any  means  that  the  new  volumes  are 
equal  to  the  original  earthwork  volumes. 
Because  these  volumes  have  the  same 
length  and  end  areas,  we  do  not  see  why 
the  remaining  boundary  can  be  assumed 
such  that  Simpson's  Rule,  or  any  other, 
can  be  applied.  Yet  the  author  uses  the 
language:  "  Since  the  area  of  the  base  of 
this  Uif33]  equivalent  [cJj£J]  solid,"  etc., 
without  citing  or  creating  authority  for 
the  statement.  In  a  previous  paragraph 
he  shows  that  the  content  of  an  earth- 
work volume,  by  approximating  end 
areas,  is  represented  in  the  constructed 
volume  with  a  straight  line  connecting 
termini  of  ordinates,  as  in  Fig.  1  of  his 
article;  and  that  the  content,  by  pris- 
moidal  formula,  is  represented  with  a 
curve,  connecting  ordinates,  still  nearer 
the  axis;  while  Simpson's  curve  is  beyond 
both.  But  in  neither  former  instance  is 
it  shown  that  the  constructed  \olume  is 
not  equal  to  the  original,  while  in  the 
last  case  it  is  merely  assumed  that  the 
volume  bounded  by  the  outer  curve  is 
equivalent  to  the  original.  That  is  :  Of 
three  boundaries  the  author  accepts  the 
one  he  pleases,  and  proceeds   to   make 
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the  statement  that  the  prismoidal  for- 
mula is  less  correct  than  the  mere  ap- 
proximation of  end  areas,  because  its  re- 
sult varies  more  from  that  of  the  as- 
sumption than  does  the  latter. 

The  author  is  also  led  into  the  follow- 
ing great  error  :  "  When  the  sections. are 
equi-distant,  the  solidity  of  the  excava- 
tion should  be  found  by  the  prismoidal 
formula  [i^33]  using  measured  middle 
area  r^jjFjnl  ;  in  other  words,  by  the  ap- 
plication of  Simpson's  Rule,  substituting 
the  cross  sectional  areas  for  the  lengths 
of  the  ordinates."  Suppose  we  have 
three  cross-sections  equi-distant:  to  ap- 
ply the  prismoidal  formula  with  these, 
as  directed  above,  would  produce  enor- 
mous error,  especially  if  the  mid-section 
were  near  zero,  or  were  much  larger  than 
the  mean  of  end-areas,  as  is  evident  to 
every  careful  geometer. 

We  understand  the  author's  general 
idea,  and  it  is  theoretically  good;  but 
we  fear  he  has  been  carried  away  by 
it.  He  conceives  that  if  the  cross-sec- 
tion of  a  cutting  or  embankment  be 
gradually  moved  from  one  end  to  the 
other,  and  the  area  at  every  point  be 
represented  by  an  ordinate,  the  termini 
of  these  ordinates  lie  on  a  curve,  to  the 
area  bounded  by  which  Simpson's  Rule 


applies.  This  is  very  true ;  but,  to 
make  Simpson's  Rule  any  where  near 
correct,  the  sections  must  be  taken  at 
five  or  ten  feet  apart,  whereas  to  use  it 
with  the  field-notes  of  the  present  sys- 
tem, by  which  the  work  is  carefully 
staked  out  so  that  it  shall  be  contained 
by  straight-lined  volumes,  or  nearly 
such,  is  extremely  wrong.  But,  if  the 
cross-sections  be  taken  five  or  ten  feet 
apart,  any  reasonable  method  of  approxi- 
mation that  ever  was  invented,  is  nearly 
correct,  so  the  choice  here  would  only 
be  the  simplest.  In  its  best  application, 
with  close  cross-sections,  this  plan  should 
only  be  used  where  we  have  one  gentle 
and  continuous  curve;  but,  to  apply  it 
to  such  an  example  as  the  one  proposed 
above  of  their  equidistant  cross-sections, 
of  which  the  middle  is  excessively  large 
or  small,  and  attempt  to  approximate 
the  sharp  curve,  even  if, it  were  a  curve, 
with  Simpson's  parabolas,  between  cross- 
sections  fifty  or  one-hundred  feet  apart, 
is  certainly  a  ridiculous  use  of  Simpson's 
Formula:  and  a  method  which  in  gen- 
eral is  not  safe. 

We  advise  the  author  to  cling  to  the 
prismoidal  rule  until  it  can  be  demon- 
strafed  by  himself  or  some  one  else  that 
this  venerable  formula  is  false  for  earth- 
work volumes. 


HYDRAULIC  FORGING.* 


The  forging  and  shaping  of  malleable 
iron  has  been  practiced  from  the  earliest 
period.  Long  before  the  Christian  era, 
it  is  recorded  that  there  were  "cunning 
workers  in  iron,"  rude  in  shape  at  first, 
no  doubt,  and  with  appliances  of  the 
simplest  character.  As  time  rolled  on, 
however,  and  civilisation  advanced,  and 
men's  wants  multiplied,  refinements  in 
the  mode  of  working  produced  superior 
"handicrafters;"  and  approaching  our 
own  times,  we  have  sufficient  evidence  of 
this  in  our  armories,  museums,  and  ar- 
senals, where  are  found  in  all  parts  of  the 
world,  magnificent  specimens  of    work- 


*  Pape>  read  before  the  Leeds  Meeting  of  the  Iron  and 
Steel  Institute. 


By  Mr.  J.  O.  BUTLER,  C.E.,  M.E. 
From  "Engineering." 

ings  in  iron,  chiefly  however,  for  warlike 
purposes. 

Coming  nearer  to  our  own  times,  and 
we  may  say  to  the  commencement  of 
the  present  century,  or  even  so  recently 
as  forty  years  ago,  the  manipulation  of 
malleable  iron,  when  in  an  incandescent 
state,  into  shapes  of  almost  endless  vari- 
ety, has  been  greatly  stimulated  by  the 
ever-varying  requirements  of  the  practi- 
cal engineer.  The  introduction  of  steam 
into  our  mercantile  marine,  and  into  our 
navy,  as  well  as  the  locomotive  engine, 
which  wTas  the  natural  offspring  of  our 
railways,  has  called  forth  the  inventive 
genius  of  our  workers  in  iron  in  a  most 
remarkable    manner,    and     perhaps    no 
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machine  has  brought  out  the  talents  of 
our  working  smiths  more  than  the 
locomotive  engine. 

The  writer  well  remembers  the  time 
when  smith  work,  even  of  a  comparatively 
simple  kind,  was  difficult  to  be  executed, 
and  it  was  often  the  case  that  the  design- 
er and  the  draughtsman  had  first  to  chalk 
out  the  piece  of  work  he  wished  to  be 
done  in  a  particular  fashion,  on  the  fore 
plate  of  his  smith's  hearth,  and  ask  his 
workman,  "Can  it  be  done  like  this?" 
When  he  would  often  reply,  "No, 
maister,  it  cannot  be  done." 

We  must  not,  however,  omit  here  to 
mention  that  the  rapid  strides  made  in 
the  operations  to  which  allusion  has 
been  made,  are  due  almost  entirely  to 
the  steam  hammer,  that  wonderful  pro- 
duction of  the  brain  of  a  Nasmyth, 
which,  about  thirty-five  years  ago,  revo- 
lutionised the  operations  in  our  forges 
and  smiths'  shops.  In  the  present  day, 
masses  of  iron  of  immense  magnitude  are 
being  manipulated  with  ease  that  once 
was  thought  impossible — witness  our 
u  Woolwich  Infants"  and  other  kindred 
pieces,  such  as  armor  plates,  and  the 
like,  which  have  first  to  go  under  the 
steam  hammer. 

The  pressing  of  iron  into  a  mould,  or 
matrix,  to  give  shape  to  various  articles 
by  the  aid  of  the  screw  press,  has  also 
been  practiced  for  many  years;  the 
steam  hammer  has  likewise  been  brought 
into  requisition  for  the  same  purpose, 
but  to  a  limited  extent  only.  Recipro- 
cating blows  from  a  steam  hammer,  it  is 
found,  do  not  produce  or  accomplish  satis- 
factorily the  kind  of  pressure  necessary 
for  forcing  the  atoms  or  molecules  of 
iron,  in  an  incandescent  state,  into  all 
the  interstices  of  a  mould,  where  intri- 
cacy and  accuracy  are  desired.  This, 
however,  can  be  done  effectually  by  the 
inexorable  thrust  of  a  hydraulic  or 
hydrostatic  "squeeze."  And  this  leads 
us  to  the  subject  of  the  paper  now  before 
you. 

We  believe  that  Mr.  Haswell,  of 
Vienna,  was  the  first  to  bring  into  practi- 
cal and  useful  operation  the  "  squeezing  " 
of  malleable  iron  at  a  welding  heat  into 
shapes  and  uses,  as  they  are  technically 
called,  previous  to  their  being  manipu- 
lated by  the  smith  and  fitter.  Some 
years  before  Mr.  Haswell's  patent  of  the 
machine,  or  tool,  now  under  considera- 


tion was  designed,  hydraulic  power  had 
been  made  use  of  for  forging  or  pressing 
malleable  iron,  both  with  and  without 
the  aid  of  an  accumulator;  but  it  is  to 
Mr.  Haswell  that  we  are  indebted  for  the 
improvements  which  make  the  hydraulic 
press  a  tool  of  general  use.  The  draw- 
ings or  photographs  against  the  wall 
illustrate  the  machine  or  tool  that  he  has 
produced  for  that  purpose.  It  will  be 
perceived  that  it  is  simply  the  adaptation 
of  the  hydraulic  press,  on  the  principle 
of  Bramah,  with  an  arrangement  pecu- 
liar to  Haswell,  whereby  a  "squeeze" 
can  be  given,  either  reciprocating,  or  in 
one  continuous  thrust,  until  the  piece 
operated  upon  acquires  the  desired  shape. 
The  pieces  on  the  table  are  samples  of 
what  are  produced  :  No.  1  is  a  sector 
of  a  12-spoked  wrought-iron  locomotive 
wheel,  showing  three  spokes  with  their 
portion  of  rim  and  boss  pressed  out  of 
the  solid  slab.  No.  2,  locomotive  cross 
head  ditto.  No,  3,  ditto,  (double),  ditto, 
ditto.  No.  4,  outside  crank  with  its  pin, 
ditto.  No.  5,  piston  #rod  socket,  ditto. 
No.  6,  locomotive  axle  box,  ditto. 

Description  of  the  Machine. — The 
pumps,  as  will  be  seen  on  the  drawings 
or  photos,  are  worked  by  a  horizontal 
direct-acting  steam  cylinder,  of  large 
size,  the  working  of  which  is  directed  by 
an  automatical  arrangement,  so  that  it  is 
perfectly  and  instantaneously  under  the 
control  of  the  driver.  The  press  consists 
mainly  of  two  vertical  cylinders  of  dif- 
ferent sizes.  These  cylinders  are  fixed  to 
a  large  cast-iron  frame  of  cruciform 
shape,  and  may  be  termed  the  pressing 
and  lifting  cylinders  respectively,  the 
one  below  and  the  other  above.  The 
frame  is  supported  on  four  malleable  iron 
columns,  or  pillars,  wThich  are  firmly 
secured  to  a  bedplate  of  a  corresponding 
shape  to  the  frame  above.  The  two 
pistons  or  rams  have  cross  heads  fitted 
on  their  outer  ends,  connected  at  their 
extremities  by  two  strong  malleable  iron 
side  rods,  so  that  the  pistons  or  rams 
work  simultaneously.  These  rods,  pass- 
ing through  grooves  formed  in  the  up- 
per frame,  and  the  intermediate  steady- 
ing frame,  act  likewise  as  guides  to  pre- 
vent the  rams  turning.  The  hammer,  or 
upper  mould,  or  matrix,  is,  of  course, 
fixed  or  fitted  to  the  lower  end  of  the 
pressing  ram,  and  the  bottom  anvil,  or 
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mould,  or  matrix,  is  firmly  bedded  to  the 
bottom  bedplate. 

The  main  steam  cylinder  is  fixed  hori- 
zontally on  a  strong  bedplate,  the  pis- 
ton rod  passing  through  packed  stuffing 
boxes  at  both  ends,  to  which  are  attach- 
ed, in  the  same  line  and  plane,  the  rams 
of  the  respective  hydraulic  pumps.  A 
small  steam  cyliuder  is  placed  by  the 
side  of  the  main  steam  cylinder  to  work 
its  slide  valve.  Attached  to  the  valve 
rod  of  this  small  steam  cylinder  by  a 
lever  is  a  tappet  rod,  which  is  worked 
automatically  by  a  projecting  arm  at- 
tached to  the  cross  head  of  the  ram  of 
the  pump,  this  acting  upon  the  slide 
valve  of  the  small  cylinder,  which  in  its 
turn  actuates  the  slide  valve  of  the  main 
cylinder  which  works  the  pumps.  The 
discharge  branches  of  the  two  pumps 
are  connected  by  pipes  with  the  passages 
and  chambers.  The  inlet  and  discharge 
regulating  valves  are  worked  by  strong 
levers,  having  rods  attached  to  their  free 
ends,  and  directly  connected  with  the 
piston  rods  of  the  two  small  auxiliary 
steam  cylinders.  The  slide  valves  of 
these  auxiliary  cylinders  are  respectively 


worked  and  controlled  by  means  of  the 
hand  levers.  The  small  cylinders,  and 
which  we  may  term  cushion  cylinders, 
are  charged  with  oil,  and  have  perforated 
pistons;  the  rods  of  which  are  also  con- 
nected to  the  regulating  valve  levers  be- 
fore named.  These  cylinders  act  as 
cataracts  or  buffers  to  relieve  the  sud- 
den "chuck"  incident  to  the  work  put 
upon  the  levers.  There  is  also  a  loaded 
safety  valve,  not  shown  on  the  draw- 
ings, placed  in  a  convenient  position  on 
the  pressure  pipe  for  relief  in  case  of 
need. 

The  press  may  be  worked  at  any  de- 
sired pressure,  regulated  by  the  boiler 
steam  pressure,  and  either  a  light  or 
heavy  blow,  or  squeeze,  can  be  given  to 
suit  the  work  in  hand.  The  velocity  or 
number  of  strokes  per  minute  depends 
upon  the  efficient  action  and  rapidity 
with  which  the  two  auxiliary  cylinders 
can  be  worked,  as  these  regulate  the  in- 
let and  escape  valves,  the  driver  having 
merely  to  handle  the  levers  of  the  slide 
valves.  It  will  be  perceived  that  no  ex- 
pensive foundations  are  required,  as  both 
the  engine  and  press  are  self-contained. 
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Next  to  the  desire  which  man  has  to 
possess  good  things  for  himself  is  the 
desire  to  hand  down  these  good  things 
to  posterity.  The  certainty  that  all 
things  were  coming  to  an  end- in  fifty 
years  would  send  us  about  our  work 
with  strange  feelings — feelings  such  as 
are  to  some  extent  raised  by  the  vague 
certainty  that  coal  will  not  last  for  ever. 
Most  of  us  lay  the  flattering  unction  to  our 
souls  that  it  is  not  simply  for  ourselves 
that  we  are  working,  but  that  in  some 
respects  we  shall  earn  the  gratitude  of 
future  ages.  History,  however,  teaches 
us  that  societies,  as  a  rule,  only  flourish 
for  a  limited  period;  that  sooner  or  later 
the  seeds  of  decay  are  sown,  and  the 
descent    having  once   begun  downward 


*  An  address  delivered  by  Prof.  Reynolds,  as  president 
of  the  Manchester  Scientific  and  Mechanical  Society. 


progress  is  rapid.  Continual  watchful- 
ness is  the  only  safeguard,  and  there  is 
nothing  which  so  much  conduces  to  the 
neglect  of  this  as  a  period  of  great  pros- 
perity. It  is  in  such  a  time  that  the  evil 
seeds  are  allowed  to  take  root  and  get 
to  such  a  head  that  when  perceived  they 
are  too  strong  to  be  eradicated. 

There  is  no  class  of  men  with  greater 
responsibilities  than  engineers — not  only 
in  money,  although  they  are  supposed  to 
be  answerable  for  some  of  this.  It  is  in 
human  life  that  the  engineer  has  his 
highest  trust.  Mankind  has  placed 
itself  unreservedly  in  his  hands.  On  the 
skill  and  conscientiousness  of  the  engi- 
neer the  lives  of  millions  dnily  depend; 
and  this  is  not  only  as  travellers — on  the 
construction  and  working  of  railways, 
bridges   and    steamboats;    but    in    our 
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houses  and  streets  we  are  undermined 
and  surrounded  with  boilers,  the  failure 
of  which  would  be  certain  death  to  those 
who  probably  do  not  even  know  of 
their  existence.  And  many  of  our  towns 
are  overhung  by  reservoirs  of  water 
capable,  as  we  know  from  sad  experience, 
of  sweeping  away  a  large  population  at 
a  single  stroke.  Nor  is  this  all.  It  is 
not  only  in  the  stability  of  his  completed 
works  that  the  lives  of  his  fellow-creat- 
ures depend  on  the  Engineer.  He  has  to 
send  men  into  dangerous  places,  to  con- 
tend with  the  forces  of  nature,  with 
nothing  but  his  intelligence  to  assure 
him  of  their  safety.  For  example,  should 
the  Channel  Tunnel  ever  be  completed, 
large  bodies  of  workmen  will  have  to  go 
for  five  or  ten  miles  under  the  sea.  They 
will  have  to  attack  a  citadel  day  by  day 
for  ten  years,  with  no  line  of  retreat  ex- 
cept that  which  is  covered  throughout 
its  entire  length  by  the  fire  of  the  enemy. 
That  men  will  be  found  to  go,  no  Eng- 
lishman doubts.  The  pluck  which  has 
stood  us  in  such  good  stead  against  the 
forces  of  man  is  one  of  our  chief  sources 
of  success  in  our  contest  with  nature. 

It  cannot  be  said  of  the  engineer,  as  it 
must  be  of  the  lawyer  and  doctor,  that 
if  we  could  do  without  him  it  would  be 
well  for  us;  that,  great  as  is  the  good 
which  he  does,  the  necessity  for  his  pres- 
ence is  a  misfortune.  Individually,  en- 
gineers are  as  good  as  any  other  class  of 
men.  I  do  not  say  better,  but  as  good; 
and,  during  the  comparatively  short 
period  of  onr  importance,  we  have 
brought  to  the  front  as  many  men  of 
whom  the  nation,  or  I  may  say  the  world, 
is  proud  as  any  other  calling.  But  it  is 
not  as  a  collection  of  individuals  that  I 
am  speaking  of  engineers.  It  is  as  a 
body.  We  are  sometimes  spoken  of  as 
a  profession.  We  have  responsible  work, 
and  men  capable  of  doing  it — two  im- 
portant qualifications  for  a  profession. 
But  I  think  the  term  "  profession  "  im- 
plies something  more  than  this.  I  think 
it  implies  a  certain  coherence  and  inter- 
nal organisation;  and  this,  I  fear,  we  do 
not  altogether  possess. 

There  can  be  no  doubt  that  a  change 
is  now  rapidly,  if  gradually,  coming  over 
the  way  in  which  engineers  have  to 
work.  The  art  of  construction,  which 
for  more  than  a  century  has  been  in  a 
state  of  revolution,  is  now  fast  settling- 


down  into  the  application  of  well-tried 
principles  and  rules,  however  extensive 
these  may  be.  By  far  the  greater  part 
of  the  work  which  comes  to  the  engineer 
is  work  which  is  capable  of  being  per- 
formed by  strict  rules  and  precedent, 
just  as  the  work  which  comes  before  the 
lawyer  or  doctor.  Ninety-nine  per  cent, 
of  the  work  is  similar  to  what  has  been 
done  before,  and  in  such  cases  the  only 
course  an  engineer  can  have  for  falling 
back  on  his  inventive  power  or  originali- 
ty is  one  that  he  should  be  ashamed  of, 
namely,  his  ignorance.  There  was  a 
time  it  is  true,  when  this  was  not  the 
case — not  long  ago,  but  quite  recently. 
Up  to  the  end  of  the  last  century  the  art 
of  construction  was  regular  and  steady- 
going  enough;  and  the  rules  by  which 
engineers  or  architects  worked  were  well 
defined.  Then  came  the  revolution  and 
the  grand  advance — the  introduction  of 
steam  and  iron.  During  this  revolution 
new  rules  had  to  be  discovered.  Then 
was  the  call  for  originality,  which 
brought  those  to  the  front  with  whose 
names  we  are  most  familiar  as  engineers; 
these  were  not,  as  a  rule,  either  trained 
as  engineers  or  acquainted  with  the  rules 
by  which  engineers  of  that  time  were 
guided.  Brindley  was  a  carpenter, 
Smeaton  a  mathematical  instrument 
maker,  as  also  was  Watt,  while  Telford 
was  a  mason.  It  was  by  virtue  of  their 
original  gifts  that  these  men  succeeded 
in  making  the  advance.  Ignorance  of 
the  then  highest  art  of  working  in  wood 
and  stone  was  no  great  drawback  to 
them,  for  they  had  to  introduce  new  ma- 
terial with  new  objects.  Now,  however, 
the  case  is  again  different.  The  period 
of  revolution  is  past.  A  new  art  has 
taken  the  place  of  the  old,  but  it  is  again 
an  art  with  its  definite  and  distinct  law 
and  precedent.  Originality  is  required 
to  advance  this  art  and  improve  the 
lawTs,  but  not  to  tide  over  our  ignorance. 
Yet  this  is  a  duty  it  performs  only  too 
often. 

The  way  to  excellence  in  engineering 
now  is,  not  promiscuous  trial  and  happy 
guesswork,  but  by  carefully  studying 
what  has  already  been  done.  Formerly 
the  only  education  was  that  of  actual 
experience.  He  had  to  discover  every- 
thing for  himself.  Now,  however,  he 
must  be  guided  by  the  experience  of 
others,  and  he  must  expend  earnest  work 
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in  gaining  this  experience  and  preparing 
himself  to  appreciate  it.  Formerly  an 
ordinary  school  education  was  considered 
ample  preparation  for  an  engineer.  He 
was  then  sent  into  the  works  to  pick  up 
what  he  could,  and  develop  improve- 
ments by  a  process  of  unconscious  obser- 
vation. Of  this  plan  the  latter  part  at 
least  was  sound — namely,  that  of  seeing 
large  quantities  of  work  before  he  him- 
self was  entrusted  with  the  execution  of 
it.  In  my  opinion  nothing  can  make  up 
for  the  want  of  actual  experience.  No 
amount  of  learning  about  things  gives  a 
true  idea  of  the  things  themselves.  It 
is  the  main  fault  of  Continental  schools 
of  engineering  that  a  course  in  the  works 
does  not  formj>art  of  their  curriculum. 

Those  who,  in  spite  of  their  early 
paucity  of  education,  and  there  have 
been  many,  have,  notwithstanding,  ac- 
quired a  fair  working  knowledge  of 
what  we  may  call  the  theory  of  their 
subject,  have  done  it  by  undergoing  the 
greatest  hardships.  They  have  spent 
years  of  weary  work  in  acquiring  what 
would  have  been  a  comparatively  short 
and  pleasant  task  if  systematically  at- 
tempted with  due  means.  I  once  heard 
an  engineer,  now  of  great  eminence, 
when  speaking  of  the  comparative  facili- 
ties now  afforded,  say,  "  With  a  great 
sum  obtained  I  this  freedom;  but  you, 
like  St.  Paul,  are  free  born."  I  doubt 
not  that  there  are  others  who  have  given 
up  as  hopeless  the  attempt  to  understand 
comparatively  simple  matters,  because  it 
was  wrapped  in  forms  into  the  mysteries 
of  which  they  had  not  previously  been 
initiated.  One  of  the  reasons  why  pre- 
liminary education  was  held  of  such  lit- 
tle account  has  been  the  character  of  the 
only  education  to  be  obtained.  These 
things,  however,  are  now  altered  by  the 
establishment  of  special  schools  and  the 
extension  of  the  old.  All  the  more  use- 
ful branches  of  science  are  now  within 
the  reach  of  the  student  of  engineering, 
and  in  the  forms  most  suitable  for  him. 
So  that,  as  a  step  towards  understanding 
the  theory  of  machines,  it  is  not  now 
necessary  for  him  to  begin  with  the 
theory  of  astronomy  or  the  doctrine  of 
chances.  The  miserable  form  in  which 
the  only  mathematics  to  be  obtained  was 
wrapped  has  compelled  engineers  to 
work  out  methods  for  themselves,  and 
now  that  the  demand  for  such  knowledge 


has  increased,  we  find  that  the  first  ma- 
thematicians in  the  land,  have,  so  to 
speak,  patronized  our  system.  And  as 
is  natural,  the  extension  of  the  practical 
use  of  mathematics  infused  new  life  into 
their  study.  Learnt  as  it  now  may  be 
with  a  special  view  to  the  application  of 
practical  mechanics,  a  knowledge  of  ma- 
thematics and  science  is  much  more  use- 
ful than  it  was.  But  this  is  by  no  means 
all.  This  would  not  be  much  were  it 
not  that  the  accumulated  experience  of 
engineering  work  has  to  a  great  extent 
been  systematized  and  reduced  to  a  form 
capable  of  mathematical  treatment. 

The  case  is,  however,  entirely  altered. 
Whereas  formerly  the  good,  at  all 
events,  the  immediate  good  to  be  reaped 
from  the  higher  theoretical  studies  for 
those  designed  for  the  calling  of  engi- 
neers was  doubtful,  now  there  is  every 
inducement  for  it.  Nor  has  this  fact 
been  lost  sight  of  by  engineers.  To 
their  credit,  it  must  be  said,  that  they 
have  come  forward  liberally  to  provide 
their  successors  with  that  education  o,f 
which  they  have  avowedly  experienced 
the  want.  There  are  now  some  fifteen 
colleges  and  universities  in  the  country 
where  not  only  can  a  knowledge  of  all 
the  useful  sciences  be  obtained,  but 
where  the  application  of  science  and 
mathematics  to  the  work  of  the  engineer 
is  made  a  special  branch  of  study.  The 
advisability  of  such  a  course  of  training 
is  even  now  sometimes  called  in  question. 
But  I  think  this  doubt  can  only  apply, 
and  is  only  meant  to  apply,  to  such  a 
course  of  study  as  constituting  the  sole 
education  of  the  student — as  displacing 
the  practical  training.  Looked  at  in  this 
way,  the  doubt  is  just,  for,  as  I  have 
said,  no  amount  of  theoretical  education 
can  give  that  certainty  and  facility 
which  only  come  from  practice.  As  an 
adjunct  to  the  practical  training — as  a 
preparation  for  it — there  cannot,  I  think, 
be  the  least  doubt.  The  field  of  engi- 
neering has  become  so  vast,  that  it  is  im- 
possible for  any  one  to  acquire  anything 
like  a  complete  acquaintance  with  it  by 
practical  observation.  The  actual  work 
of  which  one  can  gain  experience  in  the 
course  of  a  few  years  is  but  small,  even 
under  the  most  favorable  circumstances. 
And  the  only  way  to  make  use  of  such 
experience  as  a  general  training  is  to 
supplement   it  by  reading,  and  thus  to 
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use  it  for  the  purpose  of  illustrating  the 
application  of  general  laws  and  princi- 
ples. 

Even  allowing  the  aid  of  books,  the 
range  of  work  which  may  fall  to  the  lot 
of  an  engineer  is  far  too  large  to  be  mas- 
tered by  one  mind,  unless  reduced  to  a 
system  and  to  general  laws.  Thus  all 
the  multifarious  forms  of  structures  : 
buildings,  bridges,  pillars,  wheels,  roofs, 
&c.  which,  if  each  one  is  to  be  treated  as  a 
whole,  must  be  numbered  by  thousands; 
if  divided  and  considered  in  their  com- 
ponent parts,  are  found  to  consist  of 
seven  or  eight  simple  structures;  and  the 
laws  which  regulate  the  use  of  these  may 
be  treated  separately.  Or,  again,  end- 
less as  are  the  varieties  of  machines, 
when  divided  into  their  elementary  parts 
these  are  not  found  to  number  more  than 
100.     And  so  we  might  go  on. 

It  is,  then,  clear  what  an  immense  ad- 
vantage is  to  be  gained  by  attacking 
this  mass  of  knowledge  in  a  systematic 
manner,  such  as  that  in  which  it  comes 
before  the  student  in  his  course  through 
a  college.  This  is,  in  truth,  the  only 
manner  in  which  anything  like  a  com- 
plete mastery  can  be  obtained.  To  at- 
tempt it  by  private  study  is  to  work  at 
a  great  disadvantage. 

The  exact  course  of  preparation  which 
is  best  for  a  student  of  engineering  to 
pursue,  although  it  should  be  varied  ac- 
cording to  circumstances,  seems  to  be 
somewhat  as  follows  :  Assuming,  as  in 
other  professions,  the  age  at  which  he  is 
supposed  to  commence  his  career  to  be 
about  twenty-one  or  twenty-two.  Hav- 
ing pursued  a  general  course  of  educa- 
tion at  school  until  he  is  sixteen  or  seven- 
teen, he  should  then  commence  his  spe- 
cial course.  In  this  he  must  learn  some- 
thing of  science  and  something  of  art; 
but  his  main  object  will  be  to  learn  how 
the  one  can  be  brought  to  bear  on  the 
other.  Mathematics  and  the  natural 
sciences  must  form  an  essential  part  of 
his  study;  but  he  must  not  expect  to 
make  himself  completely  master  of 
either.  To  do  this  would  occupy  more 
than  the  whole  time  at  his  disposal.  He 
must  select  those  branches  of  those  sub- 
jects which  most  directly  relate  to  his 
future  work,  and  leave  the  rest  as  he 
would  leave  a  luxury.  The  making  of 
this  selection  is  very  difficult;  the  temp- 
tation is  always  to  attempt  too  much, 


and  this  ends  only  in  confusion.  It  is 
but  a  comparatively  small  portion  of 
these  wide  subjects  that  can  be  usefully 
brought  to  bear  on  engineering,  and  to 
these  he  must  necessarily  restrict  him- 
self. The  methods  of  applying  these 
sciences  to  engineering  problems  con- 
stitute a  large  subject,  and  one  that  it 
is  necessary  for  him  to  study;  and 
besides  this,  he  will  have  to  devote  some 
of  his  time  to  acquiring  sufficient  knowl- 
edge of  the  things  to  be  done  by  en- 
gineers on  which  to  study  the  application 
of  his  science.  And  then  there  are  yet 
those  manual  operations  which  are  essen- 
tial to  bring  his  knowledge  to  a  practical 
issue,  and  in  which  a  long  course  of 
training  is  necessary  to  acquire  the 
requisite  skill,  such  as  mechanical  draw- 
ing and  the  use  of  measuring  and  survey- 
ing instruments,  the  want  of  facility  in 
the  use  of  which  would  prevent  for  a 
long  time  the  student  from  making 
practical  use  of  his  knowledge. 

To  acquire  a  useful  knowledge  in  these 
various  branches  of  study  will  require 
three,  or  at  least  two  years.  The  student 
will  then  proceed  with  his  practical 
training,  which  should  include  as  great 
a  range  of  work  as  possible.  In  this  he 
will  find  the  knowledge  he  has  acquired 
of  very  great  help;  he  will  recognize 
much  that  he  sees,  and  be  able  to  judge 
of  the  most  important  things  to  which 
to  direct  his  attention.  After  such  prep- 
aration he  will  learn  more  in  one  year 
spent  in  the  workshop  or  on  the  works 
than  in  three  without  it,  so  that  by 
the  time  he  has  completed  his  training 
he  will  have  as  much  practical  knowl- 
edge as  if  he  had  spent  his  whole  time 
in  the  workshops. 

Of  course  it  would  be  little  short  of 
affectation  to  pretend  that,  surrounded 
as  we  are  with  mechanical  results,  one 
cannot  learn  to  produce  the  results  with 
which  he  is  familiar  unless  he  is  first 
able  to  deduce  them  from  elementary 
principles.  This  would  be  equivalent  to 
asserting  that  an  English  child  could  not 
speak  English  until  he  had  mastered  the 
rules  of  grammar.  But  to  teach  a  lan- 
guage without  the  aid  of  grammar  is  not 
only  a  waste  of  labor,  but  a  sure  means 
of  producing  an  imperfect  result,  and 
this  is  equivalent  to  teaching  engineer- 
ing without  science.  Such  is  the  hold 
which  the  study  of  natural  science  has 
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taken  on  all  classes,  and  such  are  the 
facilities  for  those  in  the  lower  ranks  to 
rise,  that  it  seems  to  be  quite  certain 
that  if  those  who  have  the  best  oppor- 
tunity of  qualifying  themselves  as  en- 
gineers neglect  to  do  so  in  the  highest 
manner,  they  will  find  their  places  tilled 
by  those  who,  while  rising  from  below, 
have  made  better  use  of  their  opportuni- 
ties. 

To  the  body  of  engineers,  as  a  whole, 
belong  the  duty  of  prescribing  the  course 
of  study  which  shall  entitle  any  one  to 
rank  as  one  of  them.  It  is  not,  however, 
too  much  to  say  that  at  present  nothing 
of  the  kind  is  attempted  in  England; 
and  although  various  ways  in  which  it 
might  be  done  have  been  under  discus- 
sion, apparently  no  conclusions  have 
been  arrived  at.  It  is  done  in  other 
countries.  And  the  fact  that  it  is  done 
by  other  professions — not  only  the  older 
ones,  snch  as  law  and  physic,  but  by  the 
most  modern,  such  as  that  of  actuaries — 
is  a  sufficient  proof  that  it  may  be  done 
by  engineers. 

What  are  the  difficulties  ?  Why  could 
not  the  representative  bodies  of  engineers 
constitute  themselves  into  examining 
bodies  like  the  College  of  Surgeons  or 
Physicians,  and  only  admit  such  fresh 
members  to  the  various  grades  within 
their  ranks  as  should  satisfy  them  as  to 
the  sufficiency  of  their  education  ?  Such 
a  plan,  if  effectually  carried  out,  would 
be  a  great  advantage  both  to  the  out- 
side public  and  to  the  engineers  them- 
selves. It  would  give  a  young  engineer 
a  definite  object  for  which  to  work,  as 
well  as  an  opportunity  of  at  once  proving 
his  capacity;  while,  on  the  other  hand, 
it  would  purify  the  ranks  of  engineers, 
and  block  out  the  crowd  who  now  press 
into  the  calling  simply  because  they 
have  already  failed,  or  feel  unable  to  pass 
the  definite  tests  required  for  other  call- 
ings. 

Of  the  pupils  who  enter  the  engineers' 
workshops,  or  otherwise  commence  the 
study  of  engineering,  it  is  only  too  ap- 
parent what  a  large  proportion  are  of 
this  class,  and  I  believe  that  they  choose 
engineering  solely  in  the  hope  of  missing 
all  examination.  There  can  be  no 
greater  fallacy.  Engineering  is  one  life- 
long examination.  There  is  no  slurring 
over  mistakes.  Either  your  work  fits 
or  it  does  not;  your  bridge  stands  or  it 


falls;  your  machine  goes  or  it  stands 
still.  By  a  mistake  an  engineer  loses 
something  besides  a  case  or  a  patient. 
If  there  is  a  reason  why  those  entering 
the  profession  need  not  be  examined,  it 
is  that  their  whole  career  will  be  a  prac- 
tical examination.  This  eventually  turns 
out  those  who  are  inefficient,  but  unfor- 
tunately it  does  not  help  to  bring  the 
efficient  members  to  the  front  at  starting. 
This  is  the  real  object  for  which  a  test 
is  wanted,  to  give  the  hopeful  students 
a  definite  and  not  far  distant  object  to 
work  for;  and  to  offer  an  inducement  to 
them  to  undertake  the  ardous  task  of  a 
high-class  training,  which,  although  in- 
valuable to  them  when  they  come  to  be 
engaged  on  important  works,  and  not 
then  to  be  attained,  will  have  but  little 
immediate  effect  in  forwarding  their 
chance  of  employment. 

It  may  be  said  that  there  are  already 
institutions  which  require  some  qualifica- 
tion for  membership.  Far  be  it  from 
me  to  decry  these  institutions  in  any 
way.  But  wThat  are  the  tests?  I  be- 
lieve the  only  one  required  for  member- 
ship of  the  Mechanical  Engineers  is  the 
payment  of  a  somewhat  high  annual 
subscription ;  whereas  for  the  Institution 
of  Civil  Engineers,  although  the  qualifi- 
cation is  high  for  membership  so  as  to 
render  the  standing  very  valuable,  it  is 
entirely  a  test  of  position,  not  of  capaci- 
ty, and  hence  is  altogether  beyond  the 
reach  of  the  young  engineer;  nor  for 
the  only  other  grade,  that  of  associate, 
although  this  is  conferred  more  freely, 
is  there  any  examinational  test.  The 
only  approaches  towards  such  tests  are 
the  degrees  and  certificates  in  engineer- 
ing science  conferred  by  the  various  col- 
leges and  universities.  These,  however 
much  they  may  be  sought  for  the  in- 
trinsic value  of  the  education  they  im- 
ply, are  not  as  yet  generally  recognized 
amongst  engineers. 

The  value  of  a  degree  in  engineering 
from  such  a  body  as  the  Institution  of 
Civil  Engineers  has  been  questioned,  be- 
cause it  is  said  that  they  could  not  with- 
hold the  right  to  practice.  No  doubt 
in  one  sense  this  is  true.  But  it  may  al- 
so be  said  of  the  representative  bodies  of 
any  other  profession.  The  right  to 
practice  can  only  be  withheld  by  the 
State,  and  it  is  by  their  permission  that 
the  holders  of  degrees  in  law  and  medi- 


560 


VAN  NOSTRAND'S   ENGINEERING   MAGAZINE. 


cine  are  allowed  to  do  so.  That  the 
State  would  reserve  the  right  to  practise 
as  engineers  in  general  to  those  holding 
degrees  is  hardly  probable,  but  that  it 
would  do  so  in  some  respect  is  certain. 
In  place  of  a  degree  the  passing  of  a 
special  examination  is  required  for  all 
civil  service  appointments.  And  there 
are  many  classes  of  work  where  if  there 
were  any  qualification  test  this  would  be 
insisted  upon.  Wherever  a  man  is  re- 
sponsible for  the  safety  of  his  fellow 
creatures  it  is  the  duty  of  the  State  to 
step  in  and  insist  that  the  man  shall  be 
qualified  for  his  post. 

In  the  medical  profession  we  find  men 
of  the  greatest  experience — those  who 
are  doing  the  hardest  work — hold  it  a 
matter  of  honor  and  duty  to  come  and 
give  the  students  the  benefit  of  their  ex- 


perience. The  medical  man  looks  back 
with  pride  and  pleasure  to  his  career  as 
a  student,  and  to  the  connection  into 
which  he  was  then  brought  with  the 
greatest  men  of  his  time,  to  whose  words 
he  listened  with  the  enthusiasm  which  is 
ever  stirred  in  the  breast  of  a  recruit  by 
the  account  of  battles  from  the  lips  of  a 
veteran.  Nothing  impresses  on  the  mind 
so  strongly  the  importance  of  unity  as 
early  association.  In  this  direction  I 
hope  we  shall  soon  be  able  to  move;  and 
that  with  united  effort  the  time  may  not 
be  far  off  when  the  engineering  profes- 
sion may  be  able  to  hold  its  own,  not 
only  in  the  importance  of  its  work  and 
the  capacity  of  its  individual  members, 
but  as  a  corporate  body,  discharging  all 
the  functions  necessary  for  handing 
down  its  importance  to  posterity. 


THE  UTILIZATION  OF  SLAG. 


By  Mr.  BASHLEY  BRITTEN. 


Transactions  of  the  Iron  and  Steel  Institute. 


Few  of  the  substances  which  occur  as 
manufacturers'  refuse  or  bye  products 
have  arrested  more  attention  than  the 
scoria  or  cinder  formed  in  the  smelting  of 
iron  ores.  The  vast  quantity  produced, 
and  its  liquid  form,  at  once  suggest 
the  idea  of  extensive  usefulness;  and  all 
that  seems  necessary  at  first  sight  is  to 
collect  it  as  it  flows  and  forthwith  cast 
it  into  a  thousand  articles  of  utility. 
Experience,  however,  has  shown  that 
this  is  attended  with  difficulty  arising 
from  its  behaviour  as  it  cools.  When 
allowed  to  solidify  slowly  the  particles 
of  slag  arrange  themselves  in  a  crystal- 
lised form,  and  the  substance  becomes 
tough  and  presents  the  well-known  grey 
stone  appearance;  but  if  chilled  by  con 
tact  with  a  mould,  or  any  surface  caus- 
ing rapid  congelation,  it  becomes  vitre- 
ous and  brittle,  and  of  a  black  or  dark 
brown  color,  so  that  in  the  same  piece 
two  wholly  dissimilar  structures  may 
often  be  seen.  Unequal  tensions  are 
thus  occasioned,  causing  the  substance 
to  crack  and  break  unless  prevented  by 
such  slow  and  careful  annealing  as  in- 
volves considerable  trouble  and  expense. 


The  purposes  to  which  at  various  times 
it  has  been  proposed  to  apply  this  ma- 
rerial  are  strangely  various,  and  among 
others  are  those  of  casting  it,  in  imita- 
tion of  stone,  directly  into  paving  blocks, 
slabs,  and  pipes;  of  coloring  and  making 
it  into  decorative  tiles  and  columns  to 
resemble  marble;  of  shaping  it  into 
architectural  ornaments  of  black  obsi- 
dian; of  converting  it  into  bricks;  blow- 
ing it  into  a  white  wool;  pulverising  it 
into  cement;  and  also  of  reducing  it  in 
water  to  the  state  of  sand,  in  which 
form  it  has  been  advertised  as  a  valuable 
manure. 

Most  of  these  schemes  have  failed  and 
been  abandoned;  still  the  building  and 
paving  materials  now  made  from  slag  at 
Middlesborough  seem  of  good  quality, 
and  it  is  to  be  hoped  that  their  manufac- 
ture will  prove  remunerative;  but  the 
cost  of  carriage  for  such  weighty  and 
necessarily  low-priced  articles,  would 
appear  to  be  only  too  likely  to  confine 
them  to  a  comparatively  narrow  local 
demand.  The  only  use  as  yet  found  for 
any  considerable  quantity  of  slag  is  to 
break   it   up   for   road-making,    and   to 
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build  rough  walls  and  foundations  where 
stone  is  scarce.  By  far  the  major  part 
of  what  is  produced  is  wholly  valueless, 
and  the  iron  smelter  has  not  only  to  bear 
the  cost  of  moving  it  out  of  his  way,  but 
frequently  must  purchase  land  on  which 
it  may  be  deposited.  It  will  support,  no 
kind  of  vegetation,  as  must  be  well 
known  by  those  who  have  seen  the  huge 
barren  mounds  which,  in  all  the  iron  dis- 
tricts, disfigure  the  country  for  miles. 
In  Yorkshire  alone  upwards  of  4,000,000 
tons  of  this  ugly  refuse  have  annually  to 
be  thrown  away;  while  the  total  quanti- 
ty made  throughout  the  country  proba- 
bly exceeds  four  times  as  much  as  this. 
Any  method,  therefore,  of  checking  this 
accumulation,  even  to  a  small  extent, 
may  fairly  engage  attention. 

There  is  no  novelty  in  the  idea  of  em- 
ploying slag  as  an  ingredient  of  glass. 
It  has  long  been  so  used  in  this  country 
to  some  extent,  but  on  a  larger  scale 
abroad.  In  the  Forest  of  Dean  persons 
are  employed  about  the  old  charcoal  iron 
cinder  heaps  to  collect  the  more  Vitreous- 
looking  pieces,  which  are  supposed  to  be 
the  only  suitable  portions,  and  these  are 
put  under  stump  heads  and  pulverized 
in  water;  the  resulting  sand  is  then  dried 
and  sent  to  the  glass-makers  of  Bristol, 
who  mix  it  with  their  other  materials 
and  melt  them  down  together.  This 
practice  is,  however,  fast  becoming  obso- 
lete, because  it  is  found  that  the  cost  of 
preparation  and  transport,  and  the  very 
intense  heat  required  to  forge  slag  which 
has  once  cooled,  leaves  no  advantage 
from  its  employment  instead  of  other 
materials.  A  few  years  ago  the  price 
paid  for  this  slag  sand  delivered  at  Bris- 
tol was  as  much  as  205.  per  ton,  and  this 
in  1875  had  diminished  down  to  12s.  Qd., 
which  was  said  to  be  scarcely  remunera- 
tive. For  perfectly  white  glass,  such  as 
crystal,  it  is  obvious  that  slag  can  be  of 
no  value  at  all,  in  consequence  of  the 
amount  of  iron  it  contains,  which  cannot 
be  eliminated,  and  would  produce  a 
green  or  amber  color.  Still  iron  is  pres- 
ent more  or  less  in  all  glass.  The  analy- 
ses of  specimens  of  the  window  glass  of 
commerce  exhibit  as  much  as  from  one- 
half  to  one  and  a  half  per  cent.,  it  being 
possible  to  neutralize  its  effect  to  a  con- 
siderable extent  by  decoloring  materials. 
For  all  glass  in  which  a  tinge  of  color  is 
either  needed  or  is  not  detrimental — and 
Vol.  XV.— No.  6—36 


this  includes  an  extremely  large  propor- 
tion of  all  that  is  made — a  little  iron 
does  no  harm;  it  is,  in  fact,  often  pur- 
posely introduced  as  an  important  ele- 
ment, for  it  is  capable  of  replacing  other 
flux,  and  so  lessening  the  amount  of  al- 
kali which  would  otherwise  be  required. 
Some  estimate  of  the  probable  intrinsic 
value  of  slag  to  the  glassmaker  may  be 
seen  from  the  following  table,  in  which 
the  ascertained  composition  of  slag  of 
an  average  description  is  placed  side  by 
side  for  comparison  with  that  of  common 
bottle  glass  : 

Table  No.  1. 

Composition       Composition  of 

of  Iron  Slag.  Bottle  Glass. 

(Welsh  or  (Quantities 

South  Staffordshire.)   variable.) 

Per  cent.  Per  cent. 

Silica 40  45  to  60 

Lime 35  18  to  28 

Alumina 16  6  to  12 

Magnesia 6  0  to    7 

Alkali 1  to  2 2  to    7 

Oxide  of  iron £  to  2 2  to    6 

A  trace  of  sulphur  is  also  found  in  slao- 
associated  with  the  lime,  but  this  need 
not  be  regarded,  as  it  is  insignificant  in 
quantity  and  readily  passes  away  with 
heat.  It  will  be  observed  that  there  is 
nothing  in  this  waste  of  the  blast  fur- 
nace which  is  not  represented  in  glass. 
It  is  also  clear  that  it  really  contains 
less  iron  than  is  often  required  by  the 
glass- maker.  Some  striking  facts,  there- 
fore, arise,  which  may  be  pointed  out. 
The  glass-maker  must  buy  all  the  above 
ingredients  or  their  equivalents.  They 
represent  large  quantities,  and  he  has  to 
pay  for  their  conveyance  to  his  premises, 
where  they  have  to  be  carefully  mixed 
and  moved  again,  and  finally  put  into 
his  furnaces,  there  to  be  kept  at  a  white 
heat  for  many  hours  till  the  highly  re- 
fractory substances  are  dissolved  and 
fused.  The  ironmaster,  with  a  different 
object,  is  always  melting  down  precisely 
the  same  materials;  he  cannot  produce 
his  iron  till  he  has  first  converted  the 
gangue  of  his  ore  into  glass;  but  this  he 
calls  "cinder,"  and  gets  rid  of  it  as  best 
he  may.  The  cinder  is  not  readily  recog- 
nized as  glass  because  it  looks  like  stone; 
but  all  glass  will  look  like  stone  if  cooled 
slowly  from  its  liquid  state.  The  cause 
of  slag^  being  so  completely  devitrified 
is  that  it  is  too  rich  in  lime  and  too  poor 
in  silica.   The  glass  maker,  however,  has 
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to  buy  this  lime  at  five  or  six  times  the 
price  of  his  silica  or  sand,  while  all  his 
ingredients  together  cost  him  compara- 
tively little  more  than  the  very  large 
quantity  of  fuel  he  must  burn,  in  order 
to  bring  them  into  the  melted  form  in 
which  the  ironmaster  throws  all  his  glass 
away.  The  question,  therefore,  to  be 
opened  out  is  whether  there  may  not,  to 
a  great  extent  at  least,  be  a  remedy  for 
these  practical  anomalies.  May  not  the 
manufacture  of  crude  iron  be  so  com- 
bined with  that  of  glass,  that  the  latter 
may  be  produced  so  cheap  as  to  render 
it  available  for  many  additional  uses, 
possibly  more  extensive  than  those  to 
which  it  is  at  present  applied  ? 

Glass  making  now  fairly  ranks  among 
the  largest  industries  of  the  country, 
and  commands  a  wide  export  trade.  It 
is  a  material  of  great  beauty  as  well  as 
strength,  and,  being  nearly  proof  against 
all  chemical  reactions,  it  is  quite  unrival- 
ed for  durability  and  cleanliness,  and 
with  those  qualities  it  is  capable  of  being 
manipulated  or  pressed  and  moulded  in- 
to shape  with  greater  facility  than  any 
other  known  substance.  If  then,  as  will 
be  found  probable,  it  can  be  produced  in 
finished  forms  cheaper  than  any  other 
material,  not  excluding  even  stone,  slate, 
or  common  earthenware,  it  is  difficult  to 
foresee  the  extent  of  its  application.  At 
scarcely  any  extra  expense  it  may  be 
made  of  almost  any  color,  or  absolutely 
black  like  jet,  in  which  latter  form  it 
might,  for  many  purposes,  serve  better 
than  the  finest  marble.  As  one  example 
of  usefulness,  its  suitability  for  roofing 
may  be  mentioned.  It  may  be  either 
opaque  or  clear  to  admit  light.  If  opa- 
que, it  would  be  less  transparent  to  heat 
than  slate,  and  as  it  could,  without  skill- 
ed labor,  be  rolled  into  the  desired  forms, 
either  plain  or  highly  ornamental,  it  is 
likely  that  they  might  largely  take  the 
place  of  slates,  by  being  sold  at  a  lower 
price,  and  yet  at  a  handsome  profit. 

The  constituents  of  slag  are  common 
to  all  kinds  of  green  glass  used  either  for 
bottles,  or  windows,  or  even  mirror 
plates;  therefore,  by  diluting  them  with 
the  usual  pure  materials  to  a  greater  or 
less  extent,  the  compound  may  be  brought 
up  to  any  standard  short  of  the  purity 
from  color  inconsistent  with  the  iron,  or 
sometimes  manganese,  residing  in  the 
slag.     Perhaps  it  is  scarcely  to  be  expect- 


ed that  slag  glass  will  ever  be  produced 
quite  equal  in  color  to  the  ordinary  best 
window  glass;  still  it  would  be  prema- 
ture to  anticipate  what  may  be  done 
should  it  ever  become  worth  while  to 
adopt  special  means  for  rendering  the 
slag  purer.  In  regard  to  all  other  essen- 
tials, such  as  clearness,  brilliancy,, 
strength,  plasticity  in  working,  power  of 
resisting  'acids,  and  the  capability  of  be- 
ing cut  with  a  diamond,  it  may  be  made 
equal  to  any  other. 

The  practical  question  has  next  to  be 
considered  of  how  far  it  is  possible  to 
combine  the  manufacture  of  glass  and 
iron  without  in  any  way  interfering  with 
the  necessary  continuous  operations  of 
the  blast  furnace,  for  this,  as  a  matter  of 
course,  is  absolutely  essential.  Blast 
furnace  works  where  pig  iron  only  is 
made  frequently  stand  in  pairs,  in  iso- 
lated situations,  with  plenty  of  space 
around,  on  which  glassworks  may  be 
erected  on  any  scale;  and  in  many  in- 
stances they  might  be  built  close  up  to 
the  sides  of  the  furnaces,  and  extending 
laterally  away  from  the  pig  bed.  In 
that  case  the  slag  might  be  run  directly 
into  a  glass  furnace,  on  the  well-known 
plan  of  Mr.  Siemens,  for  continuous 
founding  and  working.  Where  there  is 
insufficient  room  for  this,  the  glassworks 
might  be  at  some  distance,  and  the  slag 
could  be  collected  and  conveyed  to  them 
in  a  state  of  fusion  in  large  covered  iron 
ladles  on  wheels,  similar  to  those  used 
in  some  Bessemer  steel-works,  where  the 
molten  iron  is  carred  upwards  of  a  mile 
to  be  poured  into  the  converters.  Vari- 
ous other  plans  will  suggest  themselves 
to  suit  the  exigencies  of  existing  works. 

The  foregoing  observations  are  found- 
ed on  the  results  of  a  long  series  of  ex- 
periments extending  over  the  greater 
part  of  the  last  three  years,  in  which  the 
author  has  endeavored  to  test,  in  every 
way  open  to  him,  the  soundness  of  his 
conclusions  before  submitting  them  to 
criticism.  A  £ew  specimens  of  the  glass 
produced  from  slag  are  on  the  table  for 
inspection,  and  they  are  not  to  be  re- 
garded as  perfect,  but  only  as  indica- 
tions of  what  may  be  expected  from  de- 
veloped means.  They  are,  in  fact,  only 
experimental  results  in  the  making  of  a 
few  hundredweights  at  a  time.  The 
glass  can,  of  coure,  lay  no  claim  to  high 
quality  in  point  of  color;  still  this  is  its 
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only  inferiority,  and  no  doubt  it  may  be 
improved  in  this  respect.  But  it  may  be 
observed  that  it  is  as  nearly  as  possible 
the  same  tint  as  that  purposely  made  to 
suit  the  requirements  of  horticulture,  as 
evidenced  in  the  great  conservatories  at 
Kew.  It  is  also  but  little,  if  any,  dark- 
er than  a  great  deal  of  what  is  now  used 
in  the  form  of  rough  plate  for  sky-lights. 
It  is  well  known  that  a  tinge  of  green  is 
of  great  utility  in  checking  the  heat  rays 
and  softening  the  glare  of  white  light. 
Although  slag-glass  cannot  compete  with 
that  higher  quality  which  is  produced  so 


largely  in  the  neighborhood  of  Leeds,  it 
certainly  has  the  recommendation  of 
great  cheapness,  for  it  is  doubtful 
whether  glass  as  good  could  be  made  for 
less  than  three  or  four  times  its  cost 
when  everything  is  taken  into  account. 
A  very  large  proportion  of  it  represents 
so  much  material  and  fuel  which  is  now 
utterly  wasted,  and  it  only  remains  to 
point  to  the  enormous  quantity  of  color- 
ed glass  now  employed  for  various  use- 
ful and  ornamental  articles,  and  then  to 
I  ask,  what  further  uses  may  be  found  for 
such  material? 
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By  CHARLES  BENDER,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


The  late  note  on  this  question  in  the 
November  number  of  Van  Nostrand's 
Magazine,  gives  room  for  further  cor- 
rections of  errors  therein  committed: 

1/  The  theoretical  quantity  of  web- 
material  of  a  continuous  bridge,  under 
full  uniform  load  for  any  number  of 
spans,  and  for  any  proportion  of  spans, 
is  greater  than  the  corresponding  quanti- 
ty for  single  span  girders. 

In  the  .October  number  of  the  Maga- 
zine, this  proposition  was  proved  mathe- 
matically, and  generally  as  a  correction 
of  one  of  Mr.  Merriman's  errors. 

♦He  now  admits  it,  but  not  without 
adding  another  mistake,  easily  proved. 
He  says  that  by  slightly  reducing  the 
lengths  of  the  end  spans  of  a  continuous 
bridge  the  theoretical  web-material  can 
be  made  even  lighter  (!)  than  for  a  single 
span. 

This  is  radically  wrong,  for  under  such 
construction  the  theoretical  quantity  be- 
comes heavier,  not  lighter. 

Suppose  we  have  a  bridge  of  three 
spans,  total  length  =  L.     Divide  it  into 

three  spans,  xy  and  x,  so  that  x=-—d, 

L 

and  y  =  — h  2  d. 

J         3 

We  proved,  and  it  is  also  admitted, 

that  the  least  theoretical  web-quantity, 

under  full  uniform  load  or  under  dead 

load,  is  equal  to 

x2 
Coefficient  X  —  ,  respectively.    Coefficient 


(See  Magazine,  page  290.) 

Hence  we  have,  assuming  at  first  a  co- 
efficient, constant  for  three  spans  : 

*      .      Coefficient      <       /  T.         v2 
Web= X 


Q+q  i 


<*--*' 


Coefficient  >    -J  —  +6d 
3 


This  equation  shows  that  the  web- 
quantity  is  a  minimum  in  case  ^=o,that 
is,  if  the  three  spans  are  equally  long, 
and  this  minimum  for  three  independent 
or  single  spans  is  : 

T  2 

Coefficient  X  — 

If,  as  suggested,  the  three  spans  x2,  y, 
x2,  are  made  continuous,  the  web-quanti- 
ty for  the  center  span  will  remain  the 

V2 
same,  namely,  coefficient  X  ~ ,  whereas 

the  material  for  the  outer  spans  becomes 
greater,  hence  the  theoretical  quantity  of 
web-material  for  the  arrangement  pro- 
posed by  Mr.  Merriman  will  be  greater 
than 

Coefficient  X   j  y  +  6  d2  I 

while  the  minimum  theoretical  web-ma- 
terial would  be 

L2 

Coefficient  X  — , 
3 

the  difference  against  continuous  trusses 

being  even  greater  than  coefficient  X  6  d2. 

Now,  suppose  the  coefficient  for  the 

short  spans  to  be  C,  less  a  small  quantity 
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Z,  and  that  of  the  middle  spans  to  be 
C  +  Z1?  then  we  get  : 

Web  =  2(C-Z)x(^-^)2+(C  +  Zx) 
But  Z  and  Z1  are  approximately  -y- 

1      6^C  XT 

and  — j — .     Hence  the 

w*-o(.-¥)'e-V 

Web=C  |  —  +  6c/  +  ^(2L.d+3d2)  | 

which  is  even  greater  than  the  corre- 
sponding value  under  the  supposition  of 
a  coefficient  C,  constant  for  the  three 
spans  x  y  and  x. 

These  facts  are  illustrated  by  the 
figures  in  our  examples  on  page  294  of 
this  magazine. 

2/  Our  critic  tries  to  evade  the  weight 
of  the  mathematical  deduction  of  the 
proposition  (page  299),  that  the  deflec- 
tions of  continuous  trusses  form  the  test- 
stone  of  the  validity  of  theory. 

Only  this  sentence  needs  comment  : 

"  And  even  if  this  be  granted,  it  must 
be  proved,  and  not  assumed,  that  the 
slightest  variations  of  I  and  p,  which 
scarcely  influence  the  reactions,  do  not 
affect  the  far  more  delicate  (!)  deflec- 
tions." 

In  answer  it  is  said  that  none  who  is 
accustomed  to  interpret  mathematical 
expressions  should  have  made  any  such 
remark. 

Our  mathematical  expression  for  the 
value  of  deflection  was  : 


E.  I.  d 


±  &-?„$-£  &-Vxj 


The  reaction  Ais  known  to  be  directly 

1  proportional  to  p,  so  that,  if  p   alters 

slightly,  also  A  must  alter  slightly,  and 

consequently  also  d  must  alter  slightly 

and  proportionally  withj9. 

If  I  alters  slightly,  d  must  alter  slight- 
ly though  inversely.  Hence,  it  is  abso- 
lutely wrong  to  assert  that  slight  altera- 
tions of  p  and  I  make  great  changes  in 
the  value  of  deflections.  TJiey  only 
cause  proportionally  small  changes.     All 


this  is  very  elementary  indeed  and  the 
learned  French  engineers,  before  giving 
their  confidence  to  the  theory  of  continu- 
ous (plate)  girders,  compared  the  actual 
deflections  with  the  theoretical  or  ex- 
pected deflections  which  in  their  exam- 
ples were  found  to  agree  within  what 
they  considered  limits  sufficiently  close 
as  to  warrant  the  practical  use  of  those 
formulae  for  their  (plate)  girders. 

On  this  point  Professor  Calcott  Reilly, 
of  the  Imperial  Indian  College  of  London, 
in  the  discussion  of  Mr.  Gaudard's  paper 
"  on  the  present  knowledge  as  to  strength 
and  resistance  of  materials"  (Proceed- 
ings Institution  Civil  Engineers,  Vol. 
XXIX,  page  85,  year  1870)  laid  special 
stress. 

3/  Mr.  Merriman  does  not  at  all  enter 
into  discussion  Of  the  important  question 
of  depths  of  single  spans  and  at  continu- 
ous bridges.  Nor  does  he  pay  attention 
to  the  correction  due  to  the  influence  of 
the  webs,  on  the  deflections  and  conse- 
quently reactions,  strains  and  sections  of 
continuous  truss  bridges.  And  yet  the 
influence  of  the  web  thoroughly  vitiates 
the  theorem  of  the  three  moments  such 
as  derived  from  the  common  theory  and 
if  applied  to  deep  trusses. 

Hence  also  the  reactions  calculated 
therefrom,  hence  the  moments  over  the 
middle  piers  and  of  course  also  Mr.  Mer- 
riman's  triangle,  by  itself  only  a  curi- 
osity, are  entirely  vitiated. 

We  have  given  the  strongest  possible 
arguments  and  proofs,  why  continuous 
bridges  are  deficient  in  their  theory,  and 
why  they  cannot  be  lighter,  either  theo- 
retically or  practically  than  properly 
proportioned  single  span  trusses.  "We 
also  have  given  careful  estimates  as  to 
the  theoretical  and  the  practical  quantities 
of  single  spans  and  of  continuous  bridges 
of  two  and  three  spans  which  fully  illus- 
trated the  truth  of  our  theses. 

Now  it  remains  for  Mr.  Merriman  to 
soon  go  to  work  and  prepare  full  de- 
signs for  a  bridge-crossing  with  continu- 
ous and  with  single  spans. 
'  By  doing  what  we  proposed  for  three 
spans  of  a  total  length  of  1,000  feet,  he 
can  calculate  the  actual  quantities  within 
one-half  of  one  per  cent,  and  thus  he 
can  very  readily  try  the  theory  em- 
braced. 

Hie  Rhodus,  hie  salta  ! 

4/  The    fact   that    many    continuous 
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girders  and  lattice  bridges  were  built  in 
Europe  is  no  proof  of  their  excellency. 
In  this  regard  we  quote  a  part  of  a  re- 
view of  Mr.  Merriman's  article  on  con- 
tinuous bridges,  as  contained  in  the  En- 
gineering and  Mining*  Journal  (October, 
28th,  1876): 

"  The  art  of  bridge-building  has  reach- 
ed a  much  higher  degree  of  perfection 
in  this  country  than  in  Europe,  and  the 
reason  for  this  is  not  difficult  to  find. 
In  Europe,  and  particularly  in  Conti- 
nental Europe,  the  design  of  bridge  to 
be  built  is  almost  always  under  the  con- 
trol of  the  engineer  in  charge  of  the 
work.  He  makes  his  plans  and  sends 
them  to  the  ironworks  and  machine 
shops,  to  have  them  executed.  There  is, 
practically,  no  competition,  and  it  rarely 
happens  that  an  opportunity  occurs  for 
a  comparison  of  the  relative  economy  of 
different  systems.  In  this  country,  on 
the  other  hand,  the  method  adopted  is 
the  very  best  possible  for  securing  a 
direct  and  fair  comparison  of  the  rela- 
tive merits  of  different  systems.  Usual- 
ly, the  total  length  of  the  bridge  to  be 
built,  the  maximum  moving  load  it  is 
required  to  carry,  and  the  limit  of  strain 
to  be  allowed  in  the  various  materials  to 
be  used,  are  almost  the  only  conditions 
given,  and  tenders  are  invited  for  a 
structure  which  will  carry  the  load  safe- 
ly, without  over-straining  the  material 
used.  The  utmost  liberty,  as  to  general 
design  and  details  of  construction,  is 
allowed,  and  consequently,  that  system 
which  attains,  in  actual  practice,  the 
greatest  economy  in  material  and  con- 
struction, is  generally  the  successful 
competitor.  It  does  not,  by  any  means, 
necessarily  follow,  that  the  system- which 
secures,  theoretically,  the  greatest  econ- 
omy in  the  use  of  the  material,  produces 
the  cheapest  structure,  for  account  has 
to  be  taken  of  the  facility  and  cheapness 
with  which  the  several  parts  of  the 
bridge  can  be  made  and  put  together, 
the  durability  of  the  several  parts,  after 
erection,  and  other  conditions  which  at 
once  suggest  themselves  to  the  practi- 
cal engineer,  though  they  are  not  always 
so  apparent  to  the  college  professor, 
whose  knowledge  of  the  subject  is  most- 
ly theoretical. 

"  Now,  the  idea  of  continuous  bridges 
is  not  at  all  new,  and  there  are  many  of 


our  bridge  engineers  who,  though  fully 
acquainted  with  the  theoretical  advan- 
tages of  this  system  under  certain  con- 
ditions, have  yet  preferred  to  build 
independent  span  bridges,  where  the 
competition  is  so  close  that  the  very 
smallest  percentage  of  economy  is  dili- 
gently sought  after.  This  adverse  argu- 
ment, though  generally  satisfactory  to 
busy  engineers,  is  not  quite  so  to  the 
scientific,  theoretical  engineer,  hence  the 
subject  comes  up  periodically  for  a  fresh 
settlement." 

In  deficiency  of  sufficiently  strong  ar- 
guments in  favor  of  continuous  bridges, 
an  appeal  is  made  to  the  vague  popular 
opinion  that  a  continuous  beam  support- 
ed by  a  number  of  columns  must  be 
stronger  than  if  it  were  severed  over  the 
columns.  In  the  first  place  this  is  not 
always  true,  for  instance  a  continuous 
beam  of  two  bays  is  just  as  strong  for 
either  construction,  the  maximum  mo- 
ment in  both  cases  being  \pl*. 

But  especially  in  our  discussion  this 
comparison  is  entirely  out  of  place,  be- 
cause the  question  is  not  that  of  continu- 
ous beams  of  constant  section  but  of 
continuous  skeleton  structures  of  great 
depth. 

This  important  difference  has  been 
set  forth  in  its  full  strength  on  page 
293,  and  no  longer  can  be  disputed. 
The  common  theory  of  flexure  and  the 
common  theory  of  continuity  are  appli- 
cable to  solid  homogeneous  beams,  and 
nearly  so  to  riveted  plate  girders.  But 
these  theories  are  not  applicable  to  deep 
skeleton  structures. 

Hence  the  experiments  made  by  the 
ablest  engineers  of  civilized  nations,  on 
the  deflections  of  solid  homogeneous 
beams  are  most  valuable,  and  allow  to 
draw  conclusions  on  the  values  of  mo- 
duli and  as  regards  other  questions, 
•whereas  experiments  on  the  deflections 
of  skeleton  trusses  only  show  the  differ- 
ence between  practical  and  imperfect 
theory. 

The  last  appeal  of  our  critic  is  to  theo- 
retical writers,  on  continuity. 

In  answer,  we  remark  that  we  need  no 
authorities  on  matters  of  exact  science, 
except  those  that  give  us  experimental 
results. 

Physical,  practical  and  mathematical 
arguments  and  demonstrations  must  be 
given,  which   the  personal  opinions    of 
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theorists  without    practical    experience 
cannot  replace. 

In  as  much  as  the  authorities  quoted, 
except  one,  are  not  originators  of  novel 
theories  or  constructions,  but  more  prop- 
erly compilators  from  German  and  other 
books,  we  wish  only  to  make  a  remark 
about  the  opinion  of  the  one  who  has  an 
acknowledged  standing.  This  is  Profes- 
sor Culmann,  of  Zurich,  who,  as  the  orig- 
inator of  the  new  branch  of  finding  the 
strains  in  bridges,  &c,  by  graphical 
methods,  justly  occupies  a  high  position 
in  his  line. 

In  his  book  on  graphical  statics,  Pro- 
fessor Culmann  gives  a  chapter  on  the 
theoretical  value  of  constructions,  where 
also  a  span  of  a  continuous  bridge  is 
treated.  But  the  Professor  expressly 
remarks  that  this  chapter  is  only  in- 
tended to  show  how  theoretical  compar- 
isons of  several  systems  could  be  made. 
He  compares  several  kinds  of  trusses  for 
the  same  (!)  depth,  he  does  not  introduce 
corrections  due  to  the  web  system  of 
continuous  trusses,  he  does  not  propor- 
tion those  parts  which  have  to  stand  ten- 
sion as  well  as  pressure  for  the  sum  of 
both,  but  only  for  the  maximum  thereof, 
and  finally  he  only  takes  one  middle 
span,  that  is  the  most  favorable  one,  of 
a  continuous  bridge  instead  of  calcula- 
ting the  average  value  of  all  spans. 
Hence  conclusions  from  this  comparison 
cannot  be  conclusive  in  this  discussion. 

If  Mr.  Merriman  claims  to  have  sim- 
plified the  theory  of  continuous  girders, 
we  cannot  agree  with  him  as  to  his  equa- 
tions II  and  III. 

The  solution  of  equations  of  the  first 
degree  is  but  an  elementary  algebraic 
labor,  such  as  is  expected  from  beginners 
of  fourteen  years  of  age. 

As  regards  the  triangle  of  the  coeffi-, 
cients  of  the  movements  of  the  middle 
piers,  it  is  true  that  we  have  not  seen  it 
elsewhere,  but  we  have  not  paid  atten- 
to  it,  in  as  much  as  we  look  at  it  only  as 
a  curiosity  without  practical  value,  and 
of  little,  if  any,  scientific  interest.  In 
the  question  before  us,  which  is  the  ex- 
amination into  the  real  value  of  continu- 
ous bridges,  it  appears  only  as  ballast. 
Namely  the  common  theory  of  continu- 
ity, is  not  correct  for  skeleton  trusses. 
Again,  in  each  individual  case  the  reac- 
tions must  be  found  not  only  under  the 
supposition  of  uniform,  but  also  of  un- 


symmetrical  loading,  which  latter  una- 
voidable calculation  embraces  the  other, 
relating  to  only  one  case  out  of  many 
others. 

What  is  considered  more  important  to 
us  is  to  see  whether  Mr.  Merriman 
clearly  understands  the  fundamental  prin- 
ciples of  the  theory.  We  are  sorry  to 
say  that  we  do  think  he  has  not  studied 
the  subject  as  thoroughly  as  we  deem 
necessary  to  give  strength  to  his  asser- 
tions. The  paper  on  the  value  of  con- 
tinuous bridges,  as  written  for  the  Amer- 
ican Society  of  Civil  Engineers,  was  the 
result  of  special  studies  extending  over 
a  period  of  ten  years.  Its  conclusions 
were  not  set  forth  rashly,  since  the 
writer,  himself  once  an  admirer  of  the 
theory  of  continuity,  had  to  abandon 
it  step  by  step. 

If  the  critic  of  this  paper  believed  to 
have  found  any  error,  he  was  entitled 
and  he  was  most  welcome  to  a  discussion 
in  a  fair,  strictly  scientific  manner,  of 
which  an  inevitable  condition  would  have 
been  cautious  adherence  to  facts  as  re- 
gards the  opinions  laid  down  in  that 
paper. 

We  think  Mr.  Merriman  would  better 
take  back  his  charges  of  slander,  boom- 
erangs and  so  forth,  and  would  remember 
the  proverb,  that  one  who  sits  within  a 
glass  house  must  never  throw  stones. 
For  what  we  said  in  reply  to  his  unjust 
attack  on  us,  was  simply  the  plain  truth. 


The  paper,  entitled  "Levees  as  a  System  for 
Reclaiming  Lowlands,"  beginning  on  page  415 
of  our  November  issue,  does  not  present  the 
entire  subject  as  designed  by  Mr.  Bay  ley. 

The  paper  is  from  the  Journal  of  the  Society 
of  Civil  Engineers;  and  the  remainder  wil^ 
appear  in  due  time. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

The  American  Society  of  Civil  Engineers, 
at  their  twenty  fourth  annual  meeting, 
held  in  November,  elected  the  following  offi- 
cers for  the  ensuing  year  :  President,  George 
S.  Greene;  "Vice  Presidents,  Alexander  L. 
Holley  and  Theodore  G.  Ellis;  Secretary,  G. 
Levench;  Treasurer,  John  Bogart;  Directors, 
J.  J  R  Croes,  W.  Milnor  Koberts,  William 
H.  Paine,  James  O.  Morse,  and  M.  N.  Forney. 
Papers  lately  presented  to  the  Society  have 
been  published  as  follows  :  June  Journal, 
"  Report  of  Committee  on  Tests  of  Iron  and 
Steel,"  W.  Sooy  Smith,  Chairman;  "  Reports 
of  Committee  on  Uniform  Method  of  Gauging 
Streams,"     Theodore    G.     Ellis,     Chairman; 
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"  Railroad  Accounts  and  Returns,"  William  P. 
Shinn;  Discussion  by  Albert  Fink,  and  A.  D. 
Brings;  "  Notes  and  Suggestions  on  the  Croton 
Water  Works,  and  Supply  for  the  Future," 
Discussion  by  Joseph  P.  Davis  ;  "  Erection  of 
the  Verrugas  Bridge,"  Discussion  by  Virgil  G-. 
Bogue  and  Lefferts  L.  Buck  ;  "  Qualities  of 
Iron  and  Steel,"  William Metcalf;  "Metric  Sys- 
tem of  Weights  and  Measures,"  Discussion  by 
Theodore  G.  Ellis;  "Final  Report  of  Commit- 
tee on  Form,  Weight,  Manufacture  and  Life  of 
Rails,"  Ashbel  Welch,  Chairman;  "  Report  of 
Committee  on  Nomenclature  and  Classification 
of  Masonry,"  J.  James  R.  does,  Chairman  ; 
"  Report  of  Committee  on  Failure  of  the  Dam 
at  Worcester,  Mass.,"  Theodore  G.  Ellis,  Chair- 
man ;  "Report  of  Committee  on  Resistances 
of  Railway  Trains,"  William  P.  Shinn,  Chair- 
man; "A  Cheap  Transfer  Table,"  William  P. 
Shinn;  "Gauging  of  Streams — A  Special 
Case,"  David  M.  Greene  ;  "  Notes  on  the  Im- 
provement of  the  Mouth  of  the  Mississippi," 
Discussion  by  Charles  W.  Howell;  "Report 
of  Committee  on  Securing  National  Recogni- 
tion of  the  Society,"  William  Milnor  Roberts 
and  Theodore  G.  Ellis  ;  "The  New  Portage 
Bridge,"  Discussion  by  Charles  Macdonald ; 
"  Levees  as  a  System  of  Reclaiming  Low- 
lands,"  Discussion  by  G.  K.  Warren  and 
Charles  G.  Forshey ;  "Cut-offs  on  the  Missis- 
sippi River,  their  Effects  on  the  Channel  Above 
and  Below,"  Charles  G.  Forshey;  "Laying 
Masonry  in  Cold  Weather  "  and  "  Compressed 
Air  Locomotives,''  J.  Dutton  Steele. 

July  Journal  :  Proceedings,  "Principles  of 
Tidal  Harbor  Improvement,  as  applied  at  Wil- 
mington, Cal.,"  Clinton  B.  Sears. 

August  Journal:  "Gauging  of  Streams," 
by  D.  M.  Greene;  "  Croton  Waterworks,  and 
Supply  for  the  Future,"  by  J.  H.  Shedd,  J.  B. 
Francis,  W.  J.  McAlpine,  and  others;  "On 
the  Improvement  of  the  Mouth  of  the  Missis- 
sippi," by  E.  L.  Corthell ;  "On  Hydraulic  Ex- 
periments with  large  Apertures  of  Discharge," 
by  T.  G.  Ellis. 

September  Journal:  "On  Levees,"  Discus- 
sion by  C.  G.  Forshey,  G.  K.  Warren,  and  G. 
W.  R.  Bay  ley  ;  "  Cut-offs  on  the  Mississippi, 
their  Effects  on  the  Channel  Above  and  Be- 
low," by  C.  G.  Forshey. 

October  Journal:  "Qualities  of  Iron  and 
Steel,"  by  W.  Metcalf;  ' '  On  the  Form,  Weight, 
Manufacture  and  Life  of  Rails,"  a  Report  by 
A.  Welch;  Discussions  on  "  Railroad  Accounts 
and  Returns,"  by  several  members. 


IRON  AND  STEEL  NOTES. 

The  New  Nomenclature  of  Iron  and 
Steel. — Report  of  the  International 
Oommitte  Appointed  by  the  American  In- 
stitute of  Mining  Engineers  on  the  Nom- 
bnclature  of  iron  and  steel. 

Whereas :  The  recent  production  of  soft, 
cast,  malleable  compounds  of  iron  by  the  Bes 
semer,  the  Siemens-Martin,  and  the  crucible 
steel  processes  appears  to  demand  a  new  nom- 
enclature of  iron  compounds,  for  the  following 
reasons  : 

1st.  The  term  "steel,"  by  winch  these  soft 


products  are  commercially  and  professionally 
designated  in  England  and  in  the  United  States, 
does  not  completely  distinguish  them  from 
previously  existing  "  steel  "  which  would  hard- 
en and  temper. 

2d.  A  nomenclature  recognized  in  all  lan- 
guages seems  desirable,  as  wrell  for  commer- 
cial as  for  scientific  purposes,  especially  as 
law-suits,  already  commenced,  depend  on  the 
meaning  of  the  term  "  steel." 

3d.  Although  homogeneity,  due  to  fusion,  is 
usually  recognized  and  is  by  this  committee 
recognized  as  the  most  definitive  characteristic 
of  both  hard  and  soft  steel,  this  quality  may 
be  equally  well  expressed  in  other  terms,  thus 
leaving  the  old  term,  "steel,"  to  define  the 
malleable  compounds  of  iron,  which  will  hard- 
en and  temper  : 

Tlcerefore,  Resolved,  That  this  committee 
recommends  the  following  nomecclatuie  : 

I.  That  all  malleable  compounds  of  iron 
with  its  ordinary  ingredients,  which  are  aggre- 
gated from  pasty  masses,  or  from  piles,  or 
from  any  forms  of  iron  not  in  a  fluid  state,  and 
which  will  not  smsibly  harden  and  temper, 
and  winch  generally  resemble  what  is  called 
"wrought  iron,"  shall  be  called  Weld-Iron 
(German,  Schiceisseisen  ;  French,  fer  sonde). 

II.  That  such  compounds,  when  they  will 
from  any  cause  harden  and  temper,  and  which 
resemble  what  is  now  called  "  puddled  steel," 
shall  be  called  Weld  Steel  (German,  Scliweiss- 
stahl ;  French,  acier  sonde). 

III.  That  all  compounds  of  iron  with  its  or- 
dinary ingredients,  which  have  been  cast  from 
a  fluid  state  into  malleable  masses,  and  which 
will  not  sensibly  harden  by  being  quenched  in 
water,  while  at  a  red  heat,  shall  be  called  Ingot 
Iron  (German,  Flusseisen;  French,  ferfondu). 

IV.  That  all  such  compounds,  when  they 
will  from  any  cause  so  harden,  shall  be  called 
Ingot-Steel  (German,  Fluss-stald;  French, 
acier  Jbndu). 

(Signed), 
I.  Lowthian  Bell,    Dr.  Hermann  Wedding, 
P.  Tunner,  Richard  Akerman, 

A.  L.  Holley,  Thomas  Egleston, 

L.  Gruner. 

Protecting  Iron  From  Rust. — A  method 
of  protecting  iron  from  rust,  which  is  said 
to  yield  satisfactory  results  has  been  recently 
patented  by  Prof.  F.  S.  Barff.  The  invention 
consists  in  the  production  of  a  protective  coat- 
ing or  film  of  oxide  of  iron  upon  the  surfaces 
of  objects  composed  either  of  iron  or  steel,  by 
submitting  such  objects  when  at  an  elevated 
temperature  to  the  action  of  steam  or  by  sub- 
mitting the  same  to  the  action  of  superheated 
steam.  Secondly,  in  effecting  the  removal  or 
deoxidation  of  the  oxide  or  oxides  of  iron  or 
rust  existing  upon  the  surface  of  the  iron  or 
steel  objects  to  be  treated,  by  submitting  the 
same  at  an  elevated  temperature  to  the  action 
of  hydrogen. 

In  carrying  out  the  first  part  of  the  invention 
the  objects  composed  of  iron  or  steel  are  placed 
in  a  muffle  or  chamber  so  constructed  that  it 
may  be  in  part  or  wholly  closed,  and  so  that 
the  contents  of  the  interior  of  such  muffle  or 
chamber  may  be  raised  by  means  of  external 
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heat  to  an  elevated  temperature.  When  the 
objects  or  articles  have  acquired  a  temperature 
sufficiently  elevated  to  cause  the  decomposition 
of  steam  or  of  aqueous  vapor  when  brought  in- 
to contact  therewith,  they  are  submitted  to  the 
action  until  the  desired  protective  film  or  coat- 
ing of  oxide  has  been  produced  ;  or  instead  of 
submitting  them  to  the  action  of  heat  in  the 
manner  above  mentioned,  they  are  placed  in  a 
chamber  capable  of  being  wholly  or  partially 
closed,  and  superheated  steam  is  admitted  to 
circulate  therein,  this  operation  being  continu- 
ed until  the  desired  protective  film  or  coating 
of  oxide  has  been  produced. 

In  carrying  out  the  second  part  of  the  inven 
tion,  the  objects  or  articles,  from  which  it  is  de- 
sired to  remove  or  reduce  any  coating  or  film 
of  oxide  of  iron  or  rust,  are  subjected,  prior  to 
their  being  submitted  to  the  before-mentioned 
oxidizing  process,  to  a  deoxidizing  process, 
and  for  this  purpose  such  objects  or  articles 
are  placed,  in  a  chamber  or  apparatus  capable 
of  being  wholly  or  partially  closed,  and  so  con- 
structed that  the  contents  may  be  made  to  at 
tain  an  elevated  temperature  by  the  application 
of  external  heat.  When  the  articles  have  at- 
tained the  desired  temperature  or  such  a  tem- 
perature, as  will  cause  the  reduction  of  the 
oxide  of  iron  to  be  effected  by  means  of  hydro- 
gen, that  gas  is  allowed  to  come  in  contact  with 
the  articles  or  objects  until  the  desired  reduc- 
tion of  the  oxide  has  been  effected.  After  the 
objects  have  been  submitted  to  the  first  process, 
it  is  preferred  to  remove  them  when  at  an  ele- 
vated temperature  and  to  immerse  them  into 
oil  in  the  case  of  objects  or  articles  composed 
of  iron  or  steel ;  the  protective  coating  or  film 
will  thereby  be  rendered  more  tough  and  per- 
manent, and  in  the  case  of  objects  composed  of 
steel  the  temper  which  they  will  have  lost  may 
be  recovered,  or  any  desired  temper  may  be 
obtained. — English  Mechanic. 


RAILWAY  NOTES. 

Proposed  Light  Railways  for  the  Weald 
op  Kent. — A  project  has  been  warmly 
taken  up  in  the  neighborhood  of  Cranbrook 
for  a  light  railway  to  run  from  that  town  to 
Paddock  Wood  Junction,  through  the  villages 
of  Brenchley,  Horsmonden,  Lamberhurst,  and 
Goudhurst.  It  is  to  be  a  single  line  thirteen 
miles  in  length,  and  constructed  at  a  cost  of 
£100,000.  Mr.  Gathorne  Hardy,  M.P.,  heads 
the  list  of  subscribers  to  the  share  capital  with 
100  shares  of  £10  each.  Mr.  Butler,  the  engi- 
neer, stated  that  the  first  light  railway  which 
had  been  constructed  under  the  Act  of  1868 
had  now  been  open  for  six  months  in  the  east- 
ern counties,  and  paid  4  per  cent,  dividend. 

TXT  eight  of  Railway  Engines  and  Rails. — 
Vl  The  Edinburgh  Beview  in  a  recent  article 
on  Railway  Profits  and  Railway  Losses  presents 
some  curious  facts  with  regard  to  the  increas- 
ing weight  of  the  working  plant  of  English 
railways: 

In  cases  of  collision  it  was  found  the  old  car- 
riages suffered  most.  As  trains  became  longer, 
therefore,  and  speed  more  rapid,  it  was  neces- 
sary to  make  carriages  larger  and  heavier;  and 


experience  has  proved  that  increase  of  weight 
means  decrease  of  tare.  Of  the  carriages  now 
used  on  the  Metropolitan  line,  the  first,  second 
and  third-class  carriages  weigh  respectively  15, 
14.75,  and  14  25  tons,  and  seat  48,  64,  and  80 
passengers.  The  weight  of  the  locomotive  en- 
gine has  also  steadily  advanced.  In  the  Liver- 
pool &  Manchester  competition  of  1829,  the 
Rocket,  which  won  the  prize,  weighed  4  tons 
5  cwt.,  and  its  tender  3  tons  4  cwt.  Five  years 
later,  the  Atlas,  a  six-wheeled  engine  on  the 
same  railway,  weighed  11.4  tons  in  working 
order.  At  first  rails  weighing  35  pounds  to  the 
yard  were  deemed  adequate,  but  as  these  could 
not  bear  a  9 -ton  engine,  they  were  replaced  by 
new  rails,  weighing  66  pounds  per  yard.  In 
1830,  7-ton  engines  were  deemed  heavy;  in 
1849,  15  ton  engines;  in  1850,  25  ton  engines; 
and  in  18(i0,  35-ton  engines.  Now  there  are 
good  engines  on  the  continent  that  weigh,  ex- 
clusive of  tenders,  45  tons.  Mr.  Meyer's  12- 
wheeled  engine,  exhibited  at  Vienna  in  1872, 
weighed  60  tons.  There  was  a  weight  of  10 
tons  to  each  pair  of  wheels,  and  the  tractive 
force  was  estimated  at  22,000  pounds,  equal  to 
the  draught  of  2,300  tons,  exclusive  of  engine, 
on  a  level;  340  tons  on  an  incline  of  1  to  40; 
or  155  tons  on  one  of  1  to  17.  At  the  speed  of 
880  feet  per  minute  the  effect  of  this  engine 
corresponds  to  587  horse  power. 

Railroading  in  India. — The  Government 
Director  of  Railways  for  India,  Mr.  Ju- 
land  Danvers,  has  just  issued  his  report,  which 
contains  many  items  of  interest.  The  condi- 
tions of  railway  construction  and  operation  in 
that  country  are  to  a  considerable  extent 
unique,  and  the  study  of  their  management 
and  control  is  a  matter  of  much  interest.  Mr. 
Danvers  says  that  most  of  the  roads  are  in  good 
condition  and  carefully  managed;  but  they 
sadly  lack  feeders  and  economy  in  operation. 
The  total  extent  of  railways  now  in  existence 
in  that  country  is  6,497  miles,  of  which  768 
miles  have  a  double  track.  There  are  821 
miles  of  narrow  gauge  road,  and  6,776  of  the 
rordinary  English  gauge.  The  total  of  author- 
ized lines,  when  completed,  will  reach  9,413 
miles.  The  capital  invested  in  Indian  roads  is 
£105,790,929,  of  which  £93,720,794  is  guaran- 
teed and  £12,070,135  contributed  by  the  Gov- 
ernment. 

The  road  has  been  built  chiefly  by  two  great 
corporations,  the  East  India  and  the  Great 
Indian  Peninsula  Railway  Companies.  These 
companies  were  organized  in  1845.  The  com- 
panies have  been  aided  by  Government  land 
grants  carefully  guarded.  The  Government  is 
not  to  be  paid  for  all  its  advances  unless  the 
railways  become  self-supporting,  and  if  any 
company  is  too  weak  to  continue  its  own 
management,  it  may  abandon  its  works  to  Gov- 
ernment after  any  portion  of  its  road  has  been 
operated  for  three  months.  On  such  surrender 
the  company  gets  back  all  the  money  it  has  ac- 
tually expended  on  the  road.  The  Govern- 
ment has  the  option,  after  twenty-five  years, 
of  purchasing  the  railways  at  a  price  equal  to 
the  mean  value  of  the  shares  for  the  three 
years  immediately  previous,  or  it  may  pay  a 
proportionate  sum  till  the  end  of  the  period  of 
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concession,  ninety-nine  years,  when  the  rail- 
ways, with  their  land  and  works,  revert  to  the 
Government. 

It  is  curious  to  see  how  small  a  portion  of  the 
stockholders  are  natives  of  India.  Of  a  total 
number  of  62,608  persons  owning  the  stock, 
only  390  are  natives.  The  net  earnings  of  the 
system  for  1875  amounted  to  £3,647,868;  gross 
earnings,  £7,412,169;  working  expenses, 
£3,764,311.  The  passenger  earnings  were 
£2,459,043,  and  the  freight  earnings  £4,703,509. 
The  guaranteed  interest  paid  to  the  companies 
amounted  to  £4,650,346.  An  economy  of 
working  expenses,  giving  a  slightly  increased 
amount  of  net  earnings  is  being  gradually 
effected. 

The  system  of  railways  in  India  has  been 
rapidly  developed.  In  1860  there  were  only 
849  miles.  This  was  increased  in  1861  by  760 
miles  of  new  road.  The  immense  and  profita- 
ble coal  mines  of  India  are,  no  doubt,  to  be 
largely  developed  by  the  railways.  That  de- 
velopment has  already  commenced,  and  is  des- 
tined to  grow  rapidly.  The  great  obstacle  to 
the  rapid  development  of  the  business  of  the 
roads,  however,  grows  out  of  the  sluggish 
habits  of  the  people  and  their  indifference  to 
new  enterprizes.  For  the  next  few  years  the 
building  of  additional  mileage  in  India  will  be 
chiefly  that  of  lateral  feeders  for  the  trunk 
lines  already  in  existence. 


ENGINEERING  STRUCTURES. 

The  New  Suspension  Bridge,  at  Minne- 
apolis.— The  old  Suspension  bridge, 
built  by  Thos.  M.  Griffith,  in  1854,  was  the 
first  bridge  that  ever  spanned  the  Mississippi. 
The  new  one  now  being  built  under  direction 
of  the  same  engineer,  commenced  in  the  spring 
of  1875  (to  be  completed  by  spring  of  1877), 
will  take  rank  among  the  best  structures  of  the 
kind  in  the  United  States. 

The  Span  will  be  675  140  feet;  towers  stone, 
111  feet  in  height;  roadwa}'  twenty  feet  wide, 
forty  feet  above  ordinary  stage  of  water;  foot 
walks  on  each  side,  six  feet  wide,  made  of 
timber  grating  to  admit  wind  and  dirt  to  pass 
through.  _  The  cables  supporting  the  main 
bridge  will  be  9i  inches  in  diameter,  those 
supporting  the  foot  walks  four  inches  in  diame- 
ter. The  combined  ultimate  strength  of  the 
cables  10,996,000  pounds.  Strength  of  floor 
stays  440,000  pounds.  The  anchorage  is  ob- 
tained by  passing  chain  links  through  holes 
slotted  through  a  limestone  ledge  some  ten 
feet  thick  and  securing  them  in  a  tunnel  below 
the  ledge.  There  is  also  about  200  cubic  yards 
of  masonry,  to  each  of  the  four  anchors.  This 
work  of  masonry  rests  on  the  ledge  and  serves 
to  support  the  chains,  and  to  deflect  them  to 
their  proper  position.  The  cost  of  the  bridge 
is  about  $150,000. 

Serious  Engineering  Miscalculation— 
The  St.  Gothard  Tunnel.— No  blunder- 
ing that  has  been  heard  of  in  the  railroad 
world  since  some  of  the  earliest  English  con- 
tracts for  construction,  approaches  in  magni- 
tude, says  the  Pall  Mall  Gazette,  the  mistake 
that  has  been  made  about  the   cost  of  the  St.  I 


Gothard  Tunnel  and  the  lines  connected  with 
it.  The  Company  which  has  undertaken  this 
great  work,  the  completion  of  which  was 
promised  for  1880,  started  with  a  subscribed 
capital  of  34,000,000  francs  in  shares,  and 
68  000,000  raised  by  debenture,  together  with  an 
international  subvention  of  85,000,000  francs, 
of  which  Italy  was  to  contribute  more  than 
half,  while  the  German  and  Swiss  governments 
were  equally  responsible  for  the  remainder. 
Thus  the  whole  estimated  cost  of  the  enter- 
prise, 187,000,000  francs,  was  provided  for  and 
the  works  were  begun  with  a  confident  as- 
surance of  speedy  progress.  A  few  months 
ago,  however,  some  doubts  arose  as  to  the  ef- 
ficiency of  the  direction  and  the  soundness  of 
the  estimates.  A  new  "Director"  was  ap- 
pointed, whose  inquiries  resulted  in  the  conclu- 
sion that  the  execution  of  the  plan  in  its  in- 
tegrity would  involve  an  expenditure  of  nearly 
300,000,000  francs.  The  Board  of  Adminis- 
tration will  meet  at  Lucerne  to  consider  the 
state  of  affairs;  but  it-is  difficult  to  see  what 
course  can  be  suggested  for  raising  the  new 
capital  required. 

The  Hudson  River  Tunnel. — Work  en  this 
tunnel,  which  was  begun  two  years  ago, 
and  interrupted  by  litigation,  is  soon  to  be  re- 
sumed. It  is  entirely  a  private  enterprise, 
nothing  being  asked  from  the  public  but  right- 
of-way.  The  Board  of  Directors,  at  the  head 
of  which  is  Colonel  Haskins,  consists  of  eight 
Western  capitalists,  among  whom  are  Senator 
Jones,  of  Nevada,  and  J.  C.  Parks,  of  the 
Pacific  Mail  Steam  Ship  Co.  The  cash  capital 
on  hand  is  $10,000,000,  and  it  is  estimated  that 
about  $5,000,000  more  will  be  required  for  the 
completion  of  the  work.  The  litigation  arose 
from  opposition  on  the  part  of  the  Morris  & 
Essex  Railroad  Co.  and  the  Jersey  Shore  Im- 
provement Co.  The  suits  have  all  been  de- 
cided in  favor  of  the  Tunnel  Co.  Active  oper- 
ations will  now  be  besmn  on  the  New  Jersey 
side  from  the  foot  of  Fifteenth  Street.  Thence 
the  tunnel  will  run  in  a  northeasterly  direction, 
passing  under  the  river  and  the  Christopher 
Street.  Feny  Slip.  The  entrance  on  the  New 
York  side  will  be  in  the  vicinity  of  Washington 
Square.  From  the  New  Jersey  shore  there 
will  be  a  gradual  descent  of  two  feet  in  a  hund- 
red until  a  point  2,700  feet  from  New  York  is 
reached,  when  the  tunnel  will  begin  to  ascend 
at  the  rate  of  one  foot  in  every  hundred.  The 
tunnel  will  be  about  two  miles  in  length  and 
have  a  road-bed  of  twenty  three  feel,  with  two 
tracks,  and  the  entire  distance  will  be  lit  by 
gas.  The  wall  overhead  will  be  four  feet  thick, 
constructed  of  brick.  At  no  point  will  the 
tunnel  be  less  than  twenty-five  feet  below  the 
surface  of  the  river,  and  in  many  places  it  will 
be  seventy  feet  below.  It  is  proposed  to  em- 
ploy 200  laborers,  and  to  continue  the  work 
day  and  night.  In  this  manner  the  enterprise 
will  be  completed  in  about  two  years.  The 
tunnel  will  be  used  for  passengers,  but  its  main 
object  is  rapid  transportation  of  freight  to  and 
from  the  railroad  depots  in  Jersey  City. — Rail- 
way Gazette. 

An  Inter-Continental  Tunnel. — A  pamph- 
let called  the  "Inter-Continental  Tunnel" 
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lias  been  published  at  Madrid,  advocating  the 
connection  of  Africa  and  Europe  by  a  tunnel 
under  the  Straits  of  Gibraltar.  It  is  suggested 
that  the  tunnel  should  start  from  a  point  be- 
tween Tarifa  and  Algesiras  on  the  Spanish 
coast,  and  corne  out  between  Ceuta  and  Tan- 
giers  on  the  African  side.  The  submarine 
part  of  the  tunnel  would  be  only  nine  miles 
long,  but  with  an  incline  of  1  in  100.  The 
tunnels  of  approach  would  be  nearly  six  miles 
long  on  each  side.  The  maximum  depth  of 
the  sea  at  this  point  is  said  to  be  3,000  feet; 
and  as  a  "crust"  of  300  feet  is  to  be  left  be- 
tween the  bottom  of  the  sea  and  the  arch  of 
the  tunnel,  the  latter  will  have  to  be  3,300  feet 
below  the  level  of  the  sea.  The  originators  of 
the  scheme  are  of  opinion  that  the  cost  will 
not  exceed  £4,000;000  sterling,  and  they  argue 
that,  with  this  tunnel  and  that  between  Calais 
and(  Dover  open,  there  would  be  an  overland 
route  from  London  to  India  "without  change 
of  carriage,"  if  desired. 


ORDNANCE  AND  NAVAL. 

1%e  German  iron-clad  gun-boat  Wespe,  which 
was  launched  recently,  is  the  first  of  five 
such^pats  which  are  being  built  for  the  Ger- 
maifgj miralty  at  Bremen.  The  object  of  these 
ves^B  is  to  defend,  in  connection  with  torpe 
doei^xposed  parts  of  the  coast  and  mouths  of 
rivers,  and  to  escort  small  expeditions  in  the 
vicinity  of  German  harbors.  It  was  consider- 
ed necessary  for  this  purpose  that  they  should 
draw  but  little  water,  that  they  should  be 
easily  maneuvered,  be  tolerably  rapid,  and 
carry  a  gun  capable  of  penetrating  a  very  thick 
plate  at  a  great  distance.  The  Wespe  is  43.5 
meters  long,  10.65  broad,  and  its  draught  of 
water  is  3.1  meters.  At  the  bow,  where  it 
would  have  to  encounter  an  enemy,  it  is  cover- 
ed with  an  iron  plate  200  millimeters  thick. 
The  deck  is  also  plated  to  a  thickness  of  eighty 
millimeters,  and  the  vessel  is  built  in  water- 
tight compartments,  with  a  double  bottom,  so 
as  to  avoid  the  danger  of  being  sunk  by  the 
enemy's  shot.  There  are  two  engines,  together 
of  700  horsepower,  and  the  boat  proceeds  at 
the  rate  of  nine  knots  an  hour.  There  is  suffi- 
cient storage  for  coal  to  enable  the  boat  to  go 
at  full  steam  for  forty  hours  in  shallow  water, 
or  for  a  much  longer  period  in  deep  water, 
where  the  boat  may  be  more  heavily  ladened. 
The  gun  is  one  of  the  heaviest  of  the  German 
naval  cannon,  of  30£  centimeters  caliber,  and 
it  stands  behind  an  iron-clad  shield.  The 
Wespe  is  to  make  its  first  trial  trip  next  Octo- 
ber. 

The  Whitwobth  Gun. — The  35-ton  gun, 
manufactured  by  Sir  Joseph  Whitworth 
for  the  Brazilian  Government,  having  been 
tested  by  the  French  authorities,  Sir  Joseph 
applied  to  the  French  Minister  of  Marine  for  a 
copy  of  the  report,  but  he  was  informed  that 
it  was  contrary  to  custom.  Therefore  Colonel 
Dyer,  late  of  the  Royal  Artillery,  who  wit- 
nessed the  trials  at  Havre,  made  a  repoit,  which 
has  since  been  compared  with  the  official  rec- 
ords, and  is  now  published.     On  this  report 


Sir  Joseph  remarks  that  "  the  bursting  of  the 
shell  in  the  gun,  mentioned  in  the  report,  proves 
that  fluid-compressed  ductile  steel  guns  do  not 
fly  or  burst  explosively,  although  subjected  to 
excessive  strain,  and  while  being  about  double 
the  strength  of  wrought-iron  guns,  they  possess 
all  the  advantages  of  the  wrought-iron  coiled 
guns  of  giving  warning  when  strained  beyond 
the  limits  of  endurance." 

The  gun  was  made  shorter  than  the  regular 
length,  in  order  to  suit  the  diameter  of  the  tur- 
ret of  the  Independencia,  and  the  charge  used 
throughout  the  experiments  was  ]20  lbs.  pebble 
powder.  The  following  results  were  obtained : 
(1)  Projectile,  750  lbs. ;  initial  velocity,  1,365 
feet  per  second  ;  velocity  at  76  yards,  1,359 
feet;  velocity  at  404  yards,  1,335  feet  per  sec- 
ond. (2)  Projectile,  1,250  lbs. ;  initial  velocity, 
1,060  feet  per  second  ;  velocity  at  76  j^ards, 
1,059  feet;  velocity  at  404  yards,  1,053  feet  per 
second.  (3)  Projectile,  750  lbs.;  elevation,  6 
deg. ;  mean  range,  3,519  yards;  elevation,  15 
deg.  30  min.  ;  mean  range,  7,333  yards.  (4) 
Projectile,  1,250  lbs. ;  elevation,  2  deg.  31  min. ; 
mean  range  1,165  yards.  Penetration  :  The 
target  was  composed .  of  two  thicknesses  of 
8-inch  armor  plates,  fastened  b}T  screw  bolts  to 
twelve  inches  of  oak  backing  on  wrought-iron 
frames,  with  a  further  backing  of  twelve  inches 
of  oak. 

First  round  :  Flat-headed  steel  shell,  empty. 
Struck  fifty  inches  from  the  right-hand  side  of 
the  target.  Penetrated  both  plates  and  punch- 
ed out  two  discs  the  diameter  of  the  shell. 
These  were  forced  into  the  backing.  One  disc 
was  so  deeply  embedded  that  it  could  not  be 
got  out:  its  outer  face  was  about  twenty-eight 
inches  from  the  face  of  the  target — that  is  to 
say,  at  the  depth  of  the  iron  framing,  which  it 
had  either  penetrated  or  driven  in  front  of  it. 
Two  large  pieces  and  a  smaller  piece  of  armor- 
plate  and  numerous  splinters  of  wood  were 
found  in  the  front  of  the  target.  The  wood 
work  at  the  back  of  the  target  was  much  splint- 
ered. The  projectile  remained  whole,  and 
showed  but  few  abrasions.  It  was  shortened 
1.6  inch,  and  the  diameter  increased  0.7  inch. 
The  plate  was  struck  at  an  angle  of  incidence 
of  10  deg.  Second  round  :  Flat-headed  steel 
shell;  bursting  charge,  20  lbs.  R.L.G.  powder. 
Penetrated  through  the  first  8-inch  plate  and 
exploded ;  blew  one  entire  plate  off  the  target, 
and  broke  it  into  fragments,  one  of  which, 
estimated  to  weigh  about  two  tons,  was  thrown 
thirty  yards  away.  The  second  plate  was 
deeply  indented,  and  broken  in  several  places,* 
but  the  backing  did  not  appear  to  suffer  so 
much  as  from  the  first  round.  Third  round  : 
The  shell  broke  up  in  the  gun.  The  shell  was 
fired  empty,  and,  either  from  the  plug  being 
weak  or  from  its  not  being  screwed  home,  the 
thread  of  the  screw  was  stripped,  the  whole 
force  of  the  120  lbs.  of  powder  acted  on  the 
cavity  of  the  shell,  ultimately  breaking  it  to 
pieces,  but  first  producing  a  degree  of  expan- 
sion which  caused  it  to  act  as  a  wedge  upon 
the  bore  of  the  gun,  lengthening,  bulging  and 
cracking  the  inner  tube.  The  tube  bulged  0. 8 
inch,  and  was  lengthened  about  0.10  inch. 
The  thread,  stripped  of  the  screw  plug,  was 
found  entire. 
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BOOK  NOTICES,  Ocience  Lectures  foe  the  People.     Sev- 

5    •> "  ing  of    excellence    maintained    in    preceding 


TECHNOLOGICAL  DICTIONARY  IN  THE  EN- 
GLISH, German  and  French  Languages. 
By  Alexander  Tolhausen.  Leipzig  :  Ber- 
nard Tauchnitz.  New  York  :  Henry  Holt  & 
Co. 


years. 

The  lecture  on  the  Kent   Cavern  is  alone 
worth  the  price  of  the  book. 

The  most  widely  useful  lecture  is,,  doubtless, 
the  one  on  Food  by  Prof.  Armstrong. 
This  work  is  in  three  volumes,  each  contain-  I      The  most  interesting  to  scientific  students  is 
ing  the  same  terms,  but  presenting  the  Ian- '  probably  the  one  on   Soap  Bubbles  by  Prof, 
guages  in  different  order.  j  Rucker.' 

uZa*  DlKmbf  °f  ttechn°|°Sical  *erms  trans"   The  Law  of  Storms  Considered  Practi- 
lated  is  about  seventy-six  thousand  [  By  W.    H.    Rossep,     London: 

The  typography  is  pretty  good,  and  the  work    Charles  W  lson    For  «ale  bv  D  Tan  Ko-trand 
compares  favorably  with  other  technological  j  p^p  £>  ,-n  }  lNo.tranu. 

dictionaries.     All  such  works  with  which  we       Vi  J ?ti  ia  i„w„w  ™./u  ™  ^  n„„tclt;„nc 
are   acquainted    serve  better  for    translations  L  Jhlsnl5ook  £  lBXf&l™j£l    llTnt 

SMsnsts  s-JKiffit  £«s£jffl -iw« 

tradictory. 

Reboisement  ln  France,  or  Records   of  j      The  summary  of  laws  and  rules  at  the  end 
the  Replanting  of  the  Alps,  Getvehnes    of  the  volume  is  the  most  satisfactory  portion 
and  Pyrenees,  with  Trees  asd  Herbage,    of  the  book,    considered    from  the  practical 


By  John  Croumbie  Brown.  London:  Henry 
S.  King  &  Co.  For  sale  by  D.  Van  Nostrand. 
Price  $6.25. 

Part  I.  Resume  of  Surrell's  Study  of  Alpine 
Torrents. 

Part  II.    Literature  relative   to  Alpine  Tor- 
rents, and  to  remedial  measures  proposed. 

Part  III.  Legislative  and  Executive  measures 
by  the  Government  of  France,  relative  to  Re-    Christian  Knowledge.     1876. 
boisement  as  a  remedy  against  torrents.  |      Tlie  author  of  this  concise  statement  of  the 

Part  IV.  Past,  Present,  and  Prospective  As-  fundamental  doctrines  of  matter  and  motion 
pects  of  the  Work.  seTS  out  by  showing  the  necessity  of   an  ac- 

The  literature  of  this  subject  is  rather  quaintance  with  true  ideas  of  configuration, 
meagre.  This  work  represents  the  greater  part  motion  and  force,  to  tfee  student  at  the  com- 
of  all  that  is  available  to  those  who  read  only  mencement  of  his  training  in  physical  science, 
English.     The  subject  even  now  in  this  coun-    s°  that  he  may  be  able  to  guide  the  current  of 


standpoint. 

The  illustrations  are  roughly  drawn,  but  are 
good  enough  for  their  purpose. 

It  is  a  book  for  the  sailor  rather  than  the 
general  reader. 

MATTER    AND    MOTION.      By    J.    CLERK  MAX- 
well.     London:  Society  for  Promoting 


try  demands  serious  attention. 

Railway  Rolllng   Stock.     From  the  Pro- 
ceedings of  the  Institution  of  Civil  Engi- 
neers.    London  :   Printed  by  William  Clowes 
'  &  Sons. 

I.  On  the  Construction  of  Railway  Wagons, 

with  reference  to  Economy  in  Dead 
Weight.  By  Walter  Raleigh  Browne, 
M.  A. 

II.  Railway  Rolling  Stock  Capacity  in  rela- 

tion to  Dead  Weight  of  Vehicles.  By 
William  Alexander  Adams. 

III.  Discussion  upon  the  Foregoing  Papers. 
These   papers  are  valuable  contributions  to 

the  literature  of  a  very  important  subject;  and 
notwithstanding  the  radical  difference  in  meth- 
od of  construction  between  American  and 
Bnglish  cars,  the  lessons  drawn  from  such  ex- 
periences as  are  detailed  in  these  papers,  will 
prove  exceedingly  valuable  on  this  side  of  the 
ocean. 

The    illustrations    are    excellent    and 
abundant. 


very 


his  thoughts  along  the  channels  of  strict  dynam- 
ical reasoning.  The  first  chapter  is  mainly  oc- 
cupied with  definitions;  the  third  treats  of 
force;  and  the  two  following  on  the  properties 
of  the  center  of  mass  of  a  material  system, 
and  of  work  and  energy.  The  facts  and  rea- 
sonings of  preceding  chapters  are  then  recapit- 
ulated in  a  sixth;  and  the  two  last  treat  suc- 
cessively of  the  pendulum  and  gravity,  and  of 
universal  gravitation.  The  name  of  the  author 
is  a  sufficient  voucher  for  the  accuracy  of  the 
work;  and  to  this  must  be  added  that  the  ar- 
rangement is  good,  and  the  exposition  lucid. 

ASTRONOMY  WITHOUT  MATHEMATICS.  By  Sir 
Edmund  Beckett,  Bart.  Sixth  Edition. 
London  :  The  Society  for  Promoting  Christian 
Knowledge.     1876. 

Although  the  principles  of  astronomy  are 
taught  in  this  treatise  with  as  little  recourse  to 
mathematical  formulae  as  is  practicable,  that 
course  is  not  followed  because  it  is  the  easier 
one;  for  the  author,  at  setting  out,  takes  occa- 
sion to  warn  his  reader  that  in  this,  as  in  other 
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departments  of  physical  science,  mathematics 
in  a  wide  sense  render  the  teacher's  task  much 
less  difficult,  constituting,  as  they  do,  in  the 
terse  phrase  of  the  old  Greek  philosopher,  the 
handles  of  science.  What  Sir  Edmund  aims 
at  doing  is  to  teach  the  elements  of  astronomy 
to  those  who  are  unacquainted  with  geometry, 
algebra  and  conic  sections ;  and  in  this  he  has 
fairly  succeeded.  The  present  edition  is  cor- 
rected up  to  the  existing  state  of  the  science; 
among  other  important  improvements  is  the 
amendment  of  the  dimensions,  weight  and  dis- 
tances of  all  the  solar  system  beyond  the 
moon,  deduced  from  the  observations  of  the 
transit  of  Venus  in  1874.  In  connection  with 
this  the  peculiar  proceedings  of  the  Astrono- 
mer Royal  in  regard  to  the  choice  of  the  meth- 
od to  be  employed  in  the  observations  are  noted 
and  commented  on.  The  book  itself  is  fuller 
than  such  treatises  usually  are,  and  is  addressed 
to  a  wider  audience  than  any  of  the  really 
scientific  works  of  its  class. 

Wood    Conversion    by    Machinery.      By 
John  Richards,  M.  E.  London:  J.  &  W. 
Rider.     1876. 

This  is  a  small  book,  formed  out  of  a  series 
of  articles  contributed  to  the  Timber  Trades 
Journal,  by  Mr.  R'chards,  a  well-known  writer 
on  mechanical  subjects.  The  work  is  merely 
elementary,  and  yet  it  gives  a  very  fair  account 
of  the  different  methods  adopted  and*the  ma- 
chinery devised  for  the  conversion  of  timber 
into  articles  of  utility.  As  years  roll  on 
wood- converting  machinery  becomes  more 
complicated,  and,  therefore,  more  delicate  and 
expensive;  yet  purchasers  and  users  of  the 
machines  rarely  employ  an  engineer  in  plan- 
ning their  works  or  in  adapting  the  machinery 
to  the  materials  to  be  worked  or  to  the  articles 
to  be  produced,  consequently  there  is  a  con- 
siderable amount  of  waste  in  production, 
which,  considering  the  reduction  of  timber- 
producing  land,  is  well  worth  the  contempla- 
tion of  the  manufacturer  from  an  economical 
point  of  view.  An  instance  may  be  given  in 
illustration  :  The  writer,  when  visiting  the 
Swedish  joinery  works,  at  one  establishment 
came  across  a  "child's  workshop,"  which  he 
thus  describes:  "In  a  long  room,  separated 
from  the  main  building,  was  a  row  of  work- 
benches, twenty  or  more  in  number.  At  each 
bench  was  a  boy,  from  ten  to  sixteen  years  old, 
busy  constructing  wheelbarrows,  boxes,  toys, 
and  other  articles  of  wood.  A  master  was  pre- 
siding over  the  school,  and  the  degree  of  skill 
manifested  by  children  so  young  was  marvel- 
lous. There  was  a  forge  for  preparing  the 
irons  required,  such  as  hinges,  handles,  tires 
for  wheels,  and  so  on — the  factory  was  com- 
plete. At  certain  hours  work  stopped  and 
school  began,  the  two  alternating  as  was 
thought  expedient.  The  children  were  orphans 
collected  throughout  the  city,  and  were  here 
housed,  clothed,  fed  and  instructed,  with  the 
understanding  that,  at  a  certain  age,  and  when 
a  certain  amount  of  efficiency  had  been  at- 
tained, an  entrance  into  the  main  works  would 
be  allowed."  Thus  was  utilized  the  waste 
labor  of  the  orphans  and  the  waste  wood  of 
the  works,  an  idea  better  than  our  uniform 


plan  of  making  the  gathered  waifs  and  strays 
of  our  cities  into  rough  choppers  of  firewood 
only,  who  cannot  be  sent  to  the  Colonies  be- 
cause every  man  there  does  his  own  chopping 
for  the  pot  and  kettle,  and  only  employs  a  car- 
penter for  the  higher  kinds  of  labor. 


MISCELLANEOUS. 

The  engineer  in  charge  of  the  Severn  Tun- 
nel works  reports  that  the  heading  has 
now  been  driven  to  a  length  of  2,540  feet  from 
the  shaft,  and  is  more  than  sixty  feet  under  the 
shoots.  The  strata  for  the  last  500  feet  has 
been  almost  free  from  water.  The  Pennant 
Rock  continues  to  be  of  the  same  strong  char- 
acter as  before,  and  has  become  even  closer 
and  harder  as  the  heading  has  neared  the 
shoots.  This  condition  of  the  rock  is  most 
favorable  to  the  success  of  the  work.  Inclu- 
sive of  the  cost  of  the  plant,  the  expenditure 
to  the  present  time  amounts  to  £55,448. 

Japanese  Hemp. — Japan  produces  hemp  of 
the  finest  quality,  and  probably ,  when  ma- 
chinery has  been  brought  to  bear  on  the  in- 
dustry, it  will  compete  favorably  with  Manilla 
hemp.  The  plant  is  perennial,  and  attains  a 
height  of  six  feet  and  upwards  ;  the  stem  is 
covered  with  a  short  hairy  substance  ;  the 
leaves  are  heart-shaped,  with  a  sharp  point, 
their  surface  being  of  a  bluish  color,  and  the 
back  white;  both  sides  are  furry  and  rough  to 
the  touch.  In  the  summer  small  sprouts  of 
about  two  or  three  inches  in  height  appear  at 
the  point  where  the  leaves  join  the  stem,  and 
throw  out  blossoms,  which  deyelop  into  small 
white  flowers.  Mr.  Consul  Robertson  gives 
the  following  account  of  the  manner  in  which 
the  fibre  is  obtained  :  When  the  summer  has 
set  in,  the  plantation  is  fired,  after  which  the 
ground  is  well  prepared  with  manure,  and  left 
till  the  close  of  the  summer,  when  the  shoots 
will  have  attained  their  full  height.  They  are 
then  cut  and  soaked  in  running  water  for 
about  four  hours.  After  immersion  the  stalks 
are  broken  in  about  three  places,  by  which 
means  the  rind  is  separated  from  the  pith.  In 
the  interstice  thus  made  the  thumb  of  the  left 
hand  is  inserted,  and  the  stalks  shredded. 
The  shredded  parts  are  placed  in  layers,  and 
are  next  J  aid  on  a  board  which  has  a  foot  piece 
at  one  end,  so  as  to  make  an  inclined  plane. 
A  small  edged  tool  is  then  grasped  in  the  right 
hand,  the  shreds  being  firmly  held  down  with 
the  left,  and  the  inner  white  coating  is  scraped 
off.  The  shreds  are  now  hung  upon  a  frame, 
after  which  they  are  again  placed  on  the  board, 
and  this  time  the  outer  green  pitch  is  scraped 
off.  The  fibre  is  then  tied  together  in  bundles 
and  dried.  This  dried  fibre  is  woven  into 
cloth  and  all  kinds  of  piece  goods.  The  outer 
green  bark  or  peel  is  also  dried,  macerated, 
and  made  into  paper  pulp,  being  used  for  the 
manufacture  of  the  coarsest  kinds  of  papers 
It  is  sometimes  used  in  its  dried  state  by  the 
poorer  classes  as  a  stuffing  for  mattresses.  The 
best  of  the  outer  or  surface  fibre  is  also  made 
up  into  a  material  very  strong  in  texture  and 
of  a  mouse  color.  The  pith,  or  what  is  left 
after  obtaining  the  fibre,  is  utilized  in  finishing 
off  the  thatch  of  houses.—  All  the  Year  Round. 


&,£»? 


--f 

■'   ^9*^9        > 

>    _ 

^t 

»      > 

'-Z^BT^^     > 

*    _: 

i^Ora  > 

~»:»^»  > 

£>■• 

__j|^ 

- 

*    ^  ::>  > 

>>  > ;» 

3 

^Z3E8^ 

> 

>   ^>  > 

>  ■  »  ~~» 

"5   "■ 

3   03  > 

) 

->    :^>^>    > 

i»^>jje» 

■3  . 

:>^> 

r   3> 

>    -^38»    ^»      >■ 

J>.>  »     2S»           O 

_> 

-> 

>      >I»^»     > 

z>  >  j>  r» 

>  £3 

►  .^ 

>-: 

3   >>3  > 

>  >^>^> 

3^ 

>Z> 

> 

3  j^»>  > 

>  >  2>    »  > 

3_^ 

>  :> 

> 

3  .?^>^>.> 

..:>  >  i>  ^> 

>  JH 

►  ^> 

2> 

>  >  •»   2»^  - 

~^> 

>  >>5>  >£» 

2>       >r>j»> 

>  >  J»  ">* 

s> 

>     >» 

>  >D>  3fc> , 

>; 

>        ^ 

> 

3>    ^^"T^ 

>2> 

>> 
>3 

J> 

3a>» 

>,J>T2*j2> 

■). 

>    >; 

s> 

~>»  :>  > 

::>    >  ■  2»    >> 

=> 

L>C 

2>     ■ 

»>3> 

J>  >>"  »  "■» 

.  ^2> 

>^> 

i> 

;>v>  >> 

_>    >5  i»   .» 

^ 

>~> 

2> 

> 

> 

!^>S>  lS>Z3> 

>>  >:^>:> 

r> 

■■> 

» 

J*>  3>5)^>3 

►  y>  j^>y 

> 

y> 

-5       >>\^^*» 

'X>^£2E>~S>      - 

> 

>_3t5 

>':>    ESf    >      > 

>  >  ~us>  >  > 

j 

>  >: 

>>2> 

*    ~i 

^-*»    »    ,'j»    ;   >    ;     ->  > v  -' 

-'    >  .v  _ , 

jg) 

>jfc^      2>                ,       »>»  '  - 

>     >j>J3 

»     ^pT       J>          ,      >    -,        >&*»>; 

3*>Z> 

>>  ;*> 

_^      >      >   j> y      ;>3  ->      J> 

->:>-* 

>      2 

S^I>       »     >    ■>       ■>  >  >   -?3> 

>>*~>~j> 

1  >- 

^    ,  >                 >_*  >    :^>    - 

^  ^>r\ 

>> 

^  >3>         3     :;   »  J   £^ 

>  X>-> 

» 

:>  »  ,-•-  >^3^j>->> 

v^>P 

>-     ^ 

»r    >  3    ^    ,    >   to*  J>    -3 

>JZ>^  j 

3a-     3>  ^    i 


)^S>0 


>2>  ^  >   >  "> 
ae>  :>  3  >  o 

ss>  >  »->    >  ~3  » 

>>>  3    >    3  3 

C*   3    3     33 
►    »     >     » 

>      3     3     3^» 

fcf>  >■>    -V) 

'        >     ">  ;    >     3 


-      >  >>   >   ->  ^  - 


»  > 

>>>  > 

>~>  > 

3.^> 

>    3 
>     > 

>     > 

>    >  ^ 

3     > 


3      >  J 

>>  3> 


3  3 

->.>   3         3-> 


& 

-'^»g 

3E» 

>3>  >  > 


3>  3'  3»  3     3 

>_>>  > '-'p  T> 


^r         - 

>        >-.»    -^S 

>3S> 

>    ~>    ~- 

^^ 

^_5^  > 

>  S3 

;^ 

J>T3^ 

0  ->  ^ 

\5> 

^^ 

3»     > 

^*  t- 

3«> 

^   ^ 
^    j 

s>      3 ; 

>     3  '^ 

:>    3  > 
>     > 

3      >     >^ 

£>■:     / 

D    i  > 

5gJL 

r>   5  -\ 

-*^ 

j>       >  ^ 

>  33 

3^ 

r)      >^ 

>  :••  s> ; 

>a3i 

^    L>     X 

^>^ 

■*.          "  >^    3 

3  ">■    ■ 

>^>3 

>■■       ^< 

i  >"-j    .    3-     ) 

^>  ^> 

>j>         5>     » 

>:>    :>  ul> 
:        :: 


:^8»3» 


3^ 


^e 


:r> 


m>^MS 


5^ 

3^> 


I>o2* 


Hfe. 
BE 


m 


:>^* 


3>^  ^ 


M^M 


22!« 


Sat 


^» 


>^> 


*SO»>£l 


3»  -*=»     ~=^  _^KB> 


^^>> 


>>   z 

L_2- 

^ 
► 

x>  * 

jpgr 

3> 

s^ 

^> 

jfe 

!X> 

K^j 

z:^ 

3^ 

^^^S 

^>^> 

